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SESSIONAL  ARRANGEMENTS. 

The  Opening  Meeting  of  the  One-Hundred-and-Forty-fourth  Session  w--  he  (d  - 
nesday  evening,  the  17th  of  November,  when  an  Address  on  “ The  Colonies  : thr;r  \v  e- 
factures,  and  Commerce,”  was  delivered  by  M.VJOR-Gexer.vl  Sir  Owfn  I k v 
G.C.I.E.,  K.C.S.I.,  Chairman  of  the  Council. 

The  following  arrangements  have  been  made  for  the  four  meetings  before  Chn fn'- 
Wednesday  Evenings,  at  Eight  o’clock. 

November  24. — Prof.  James  Douglas,  “ Progress  of  Metallurgy'  and  Met.il  Minin j V 
the  last  Half  Century.” 

December  i. — Prof.  Leonard  Waldo,  D.Sc,,  “ The  American  Bicycle  -the  The.'?v  t-.  - . 

Making.”  SiR  Owen  Tudor  Burne,  G.C.I.E..  will  preside. 

,,  8. — Bennett  H.  Brough,  “The  Stockholm  Exhibition  ot  1897.”  Kr.  I{  n FL  f 

Samuelson,  Bart.,  F.R.S.,  will  preside. 

„ 15. — Samuel  Rideal,  D.Sc.,  “The  Puritication  of  Sewage  by 

Galton,  K.C.B.,  F.R.S.,  will  preside. 

Papers  for  meetings  after  Christmas  : — 

J.  F.  ISELIN,  “ The  Protection  of  Industrial  Property.” 

Eric  H,  S.  Bruce,  M.A.,  “ The  Projection  of  Lum  nous  Objects  in  ^p.TCC.  ’ 

Captain  B.  Baden-Powell,  “ Aeronautics.” 
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Edwix  O.  Sachs,  “ Stage  Mechanism.” 

Clayton  Beadle,  “ The  Recent  History  of  Papermaking.” 

C.  R.  Valentine,  “ The  Preparation  of  Meat  Extracts.” 

R.  Brudenell  Carter,  F.R.C.S.,  “Children’s  Sight.” 

Thomas  Potter,  “ Fireproof  Construction.” 

x\.  D.  Provand,  M.P.,  “ Compensation  to  Workmen.” 

Dr.  Carl  Linde,  “ The  Production  of  Low  Temperatures.” 

Jules  Fuerst,”  “The  Cinematograph.” 

T.  R.  Tuenell,  Chairman  of  the  Royal  Mail  Steam  Packet  Company,  “ The  Present  Condition  of  the 
Sugar  Industry.” 


INDIAN  SECTION. 

The  meetings  of  this  Section  will  take  place  on  the  following  Thursday  Afternoons  or  Even- 
ings, at  4.30  or  8 o’clock  : — 

January  20,  February  17,  March  10,  31,  April  28,  May  19. 


FOREIGN  AND  COLONIAL  SECTION. 

The  meetings  of  this  Section  will  take  place  on  the  following  Tuesday  Afternoons,  at  4.30 
o’clock  : — • 

Januaiy  18,  February  15,  March  15,  April  5. 


APPLIED  ART  SECTION. 

The  meetings  of  this  Section  will  take  place  on  the  following  Tuesday  Evenings,  at  Eight 
o’clock  : — 

January  25,  February  22,  March  8,  29,  April  26,  May  17. 


CANTOR  LECTURES. 

Monday  Evenings,  at  8 o’clock  : — ■ 

Eugene  F.  A.  Obach,  Ph.D.,  F.C.S.,  “ Gutta  Percha.”  Three  Lectures. 

Lkcturk  I. — Novembkr  29. — The  Raw  Material. — The  year  1847 — Early  history  and  the  Society  of  Arts— 
General  properties  and  distinction  from  Caoutchouc — Botanical  derivation  and  geographical  distribution — 
lixpeditions  in  search  of  gutta  trees  and  experimental  cultivation — Analysis  of  particular  specimens  and  of  various 
cmnmercial  brands— Exports  from  Singapore,  imports  into  the  United  Kingdom  and  fluctuation  of  prices. 

I.KCTCRK  II. — December  6. — The  Cleaning  Processes. — Mechanical  cleaning  process — Loss  during  mechanica 
cleaning— Chemical  washing  process — Chemical  hardening  process— Extraction  from  raw  material  and  from 
leaves  by  means  of  solvents — Advantages  and  disadvantages  of  the  different  processes — Natural  substitutes  for 
gutta  pcrcha. 

l.KCTCRic  III. — December  13. — The  Clean  Material. — Chemical  composition,  mechanical  and  electrical 
properties— .Application  for  various  technical  purposes — Use  of  hardened  gutta  percha  for  golf  balls — Absorption 
of  oxygen  and  behaviour  towards  ozone— Deterioration  and  preservation— Artificial  substitutes  for  gutta  percha 
■Concluding  remarks. 

CvRiL  D.avenport,  “ Decorative  Bookbinding.”  Three  Lectures. 

Lecturk  I. — January  24. — The  beginnings  of  bookbinding — Assyrian  clay  tablets  in  their  cases — Egfyptian 
papyrus  rr>lls — Vellum  rolls — Roman  diptychs — Mediaeval  bindings  in  carved  ivory,  and  metal  covers  with  gems  and 
en.imels  Decorative  bindings  in  Europe  and  the  East  up  to  and  including  the  15th  century. 

Lecture  II. — January  31. — Decorative  bookbinding  in  Continental  Europe,  chiefly  Italy,  France,  and  Germany, 
from  the  161I1  to  the  i8th  centuries  inclusive,  with  some  notice  of  Oriental  bindings. 

Lkciurk  III. — February  7. — Decorative  bookbinding  in  England  from  the  16th  to  the  i8th  century — Gold 
and  enamelled  bindings  made  for  Henry  VIII.  and  Queen  Elizabeth — Bindings  embroidered  on  velvet  of  the  Tudor 
period,  and  on  satin  during  the  17th  century — Gold  tooled  work  by  Thomas  Berthelet  in  the  i6th  century,  by  Samuel 
Meariu-  in  the  17th  century,  and  by  Roger  Payne  in  the  i8th  centur}’,  and  the  influence  of  these  great  binders  upon 
the  art. 
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Hugh  Stannus,  “ The  Principles  of  Design  in  Form.”  Four  Lectures. 

February  14,  21,  28,  March  7. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “ The  Thermo-Chemistry  of  the  Bessemer  Process.” 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “India  Rubber.”  Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.”  Four  Lectures. 

May  2,  9,  16,  23. 


JUVENILE  LECTURES. 

Two  lectures,  available  for  a Juvenile  audience,  will  be  delivered  on  Wednesday  Evenings, 
January  5 and  12,  at  Seven  o’clock,  by  William  Ramsay,  Ph.D.,  F.R.S.,  on  “ Fire.” 


CONVERSAZIONE. 

The  Annual  Conversazione  of  the  Society  is  fixed  for  Wednesday,  June  22.  Each 
member  receives  a card  for  himself,  and  one  for  a lady. 


PROCEEDINGS  OF  THE  SOCIETY. 

Charter. — The  Society  of  Arts  was  founded  in  1754,  and  incorporated  by  Royal 
Charter  in  1847,  for  “The  Encouragement  of  the  Arts,  Manufactures,  and  Commerce  of  the 
Country,  by  bestowing  rewards  for  such  productions,  inventions,  or  improvements  as  tend  to  the 
employment  of  the  poor,  to  the  increase  of  trade,  and  to  the  riches  and  honour  of  the  kingdom  ; 
and  for  meritorious  w'orks  in  the  various  departments  of  the  Fine  Arts  ; for  Discoveries,  Inven- 
tions, and  Improvements  in  Agriculture,  Chemistry,  Mechanics,  Manufactures,  and  other  useful 
Arts  ; for  the  application  of  such  natural  and  artificial  products,  whether  of  Home,  Colonial,  or 
Foreign  growth  and  manufacture,  as  may  appear  likely  to  afford  fresh  objects  of  industry,  and 
to  increase  the  trade  of  the  realm  by  extending  the  sphere  of  British  commerce  ; and  generally 
to  assist  in  the  advancement,  development,  and  practical  application  of  every  department  of 
science  in  connection  with  the  Arts,  Manufactures,  and  Commerce  of  this  country.” 

The  Session. — The  Session  commences  in  November,  and  ends  in  June.  The  number  of 
Meetings  held  during  the  Session  amounts  to  between  70  and  80. 

Ordinary  Meetings. — At  the  Wednesday  Evening  Meetings  during  the  Session,  papers 
on  subjects  relating  to  inventions,  improvements,  discoveries,  and  other  matters  connected  with 
the  Arts,  Manufactures,  and  Commerce  of  the  country  are  read  and  discussed. 

Indian  Section. — This  Section  was  established  in  1869,  for  the  discussion  of  subjects 
connected  with  our  Indian  Empire.  Six  or  more  Meetings  are  held  during  the  Session,  three  of 
which  during  the  Session  1897-8  will  be  at  the  Imperial  Institute. 

Foreign  and  Colonial  Section. — This  Section  was  formed  in  1874  under  the  title  of 
the  African  Section,  for  the  discussion  of  subjects  connected  with  the  Continent  of  Africa.  It 
was  enlarged  in  1879,  so  as  to  include  the  consideration  of  subjects  connected  with  our  Colonies 
and  Dependencies,  and  with  Foreign  Countries.  Four  Meetings  will  be  held  during  the 
Session. 
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Applied  Art  Section. — This  Section  was  formed  in  1886,  for  the  discussion  of  subjects 
connected  with  the  industrial  applications  of  the  Fine  Arts.  Six  or  more  Meetings  are  held 
during  the  Session. 

Cantor  Lectures. — These  Lectures  originated  in  1863,  with  a bequest  by  the  late  Dr. 
Cantor.  There  are  several  Courses  every  Session,  and  each  course  consists  generally  of  two  or 
more  Lectures. 

Additional  Lectures. — Special  Courses  of  Lectures  are  occasionally  given. 

Juvenile  Lectures. — A Short  Course  of  Lectures,  suited  for  a Juvenile  audience,  is 
delivered  to  the  Children  of  Members  during  the  Christmas  Holidays. 

Admission  to  Meetings. — Members  have  the  right  of  attending  the  above  Meetings  and 
Lectures.  They  require  no  tickets,  but  are  admitted  on  signing  their  names.  Every  Member 
can  admit  /luo  friends  to  the  Ordinary  and  Sectional  Meetings,  and  oue  friend  to  the  Cantor 
and  other  Lectures.  Books  of  tickets  for  the  purpose  are  supplied  to  the  Members,  but  admis- 
sion can  be  obtained  on  the  personal  introduction  of  a Member.  For  the  Juvenile  Lectures 
special  tickets  are  issued. 

Journal  of  the  Society  of  Arts. — The  JoiiDial,  which  is  sent  free  to  Members,  is 
published  weekly,  and  contains  full  Reports  of  all  the  Society’s  Proceedings,  as  well  as  a variety 
of  information  connected  with  Arts,  Manufactures,  and  Commerce. 

Examinations. — Examinations,  founded  in  1853,  are  held  annually  by  the  Society,  through 
the  agency  of  Local  Committees,  at  various  centres  in  the  country.  They  are  open  to  any 
person.  The  subjects  include  the  principal  divisions  of  a Commercial  Education,  Domestic 
Economy,  and  Music.  A Programme,  containing  detailed  information  about  the  Examinations,, 
can  be  had  on  application  to  the  Secretary. 

Library  and  Reading-room. — The  Library  and  Reading-room  are  open  to  Members, 
who  are  also  entitled  to  borrow  books. 

Conversazioni  are  held,  to  which  Members  are  invited,  each  Member  receiving  a card 
for  himself  and  a lady. 


MEMBERSHIP. 

The  Society  numbers  at  present  between  three  and  four  thousand  Members.  The  Annual 
Subscription  is  Two  Guineas,  payable  in  advance,  and  dates  from  the  quarter-day  preceding* 
election  ; or  a Life  Subscription  of  Twenty  Guineas  may  be  paid. 

Every  Member  whose  subscription  is  not  in  arrear  is  entitled  : — 

To  be  present  at  the  Evening  Meetings  of  the  Society,  and  to  introduce  two  visitors 
at  such  meetings,  subject  to  such  special  arrangements  as  the  Council  may  deerm 
necessary  to  be  made  from  time  to  time. 

To  be  present  and  vote  at  all  General  Meetings  of  the  Society. 

To  be  present  at  the  Cantor  and  other  Lectures,  and  to  introduce  one  visitor. 

To  have  personal  free  admission  to  all  Exhibitions  held  by  the  Society  at  its  house  in 
the  Adelphi. 

To  be  present  at  all  the  Society’s  Conversazio7zi. 

To  receive  a copy  of  the  weekly  Journal  published  by  the  Society. 

To  the  use  of  the  Library  and  Reading-room. 

Candidates  for  Membership  are  proposed  by  Three  Members,  one  of  whom,  at  least,  must 
sign  on  personal  knowledge  ; or  are  nominated  by  the  Council. 

All  subscriptions  should  be  paid  to  the  Secretary,  Sir  Henry  Trueman  Wood,  and  all 
Cheques  or  Post-office  Orders  should  be  crossed  Coutts  and  Company,”  and  forwarded  to  him 
at  the  Society’s  House,  John-street,  Adelphi,  London,  W.C. 
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CALENDAR  FOR  THE  SESSION 

The  following  is  the  Calendar  for  the  Session  1897-98,  It  is  issued  subject  to  any 
necessary  alterations  : — ■ 


NOVEMBER,  1897. 

DECEMBER,  1897. 

JANUARY,  1898. 

FEBRUARY,  1898. 
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21 

AI 

Cantor  Lecture  IV.  2 

21 

Th 

21 

S 

21 

Tu 

j 

22 

Tu 

22 

F 

22 

s 

22 

AV 

Conversazione  2 

23 

AV 

Ordinary  Aleeting 

23 

S 

23 

AI 

Cantor  Lecture  A^I.  4 

23 

Th 

1 

24 

Th 

24 

s 

24 

Tu 

24 

F 

25 

F 

25 

AI 

Cantor  Lecture  V.  2 

25 

AV 

Ordinary  Aleeting 

25 

S 

) 

26 

S 

26 

Tu 

Applied  Art  Section 

26 

Th 

26 

s 

J 

27 

s 

27 

AV 

Ordinary  Aleeting 

27 

F 

27 

AI 

28 

AI 

Cantor  Lecture  IV.  3 

28 

Th 

Indian  Section 

28 

S 

28 

Tu 

\ 

29 

Tu 

Applied  Art  Section 

29 

F 

29 

s 

AVhit  Sund.vy 

2Q 

AV 

Annual  General  j 

30 

AV 

Ordinary  Aleeting 

30 

S 

30 

AI 

Bank  Holiday 

30 

Th 

Aleeting  j 

31 

Th 

Indian  Section 

31 

Tu 

1 

1 

The  Chair  will  be  taken  at  Eight  o’clock  at  each  of  the  Ordinary  Meetings,  the  Cantor 
Lectures,  and  the  Meetings  of  the  Applied  Art  Section. 

The  Meetings  of  the  Indian  Section  will  commence  at  either  Half-past  Four  or  Eight 
o’clock,  as  may  be  announ.ced  from  time  to  time. 

The  Meetings  of  the  Foreign  and  Colonial  Section  will  commence  at  Half-past  Four  o’clock. 
The  Annual  General  Meeting  will  be  held  at  Four  o’clock. 

The  Juvenile  Lectures  will  be  given  at  Seven  o’clock. 
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FIRST  ORDINARY  MEETING. 

Wednesday,  November  17,  1897;  Major- 
Gen.  Sir  Owen  Tudor  Burne,  G.C.I.E., 

K.C.S.L,  Chairman  of  the  Council,  in  the 

•chair. 

The  following  cadidates  were  proposed  for 

-election  as  members  of  the  Society: — ■ 

Allen,  Herbert  J.,  care  of  Messrs.  Mowlem  and  Co., 
City  and  South  London  Railway,  7,  Denman- 
street,  London  Bridge,  S.E. 

Alton,  James  Poe,  Elim,  Grosvenor-road,  Dublin. 

Ansell,  Hubert,  75,  Lonibai'd -street,  E.C. 

Baird,  Sir  Alexander,  Bart.,  Urie,  Stonehaven,  N.B. 

Rarr,  John,  Dinting,  near  Manchester. 

Baiaatt,  James,  care  of  Messrs.  Baxter  and  Sadler, 
14,  Market-buildings,  Elinders-lane,  Melbourne, 
Victoria. 

Beach,  Alfred  Edward,  Toddington,  Winchcombe. 

Rirdwood,  Herbert  Mills,  C.S.I.,  52,  Stanhope- 

gardens,  Queen’s-gate,  S.W. 

Boyd,  Rev.  Henry,  D.D.,  Hertford  College,  Oxford. 

Braby,  Newton,  Bushy-lodge,  Teddington. 

Bunting,  W.  Lightfoot,  Quarry-hill,  Accrington. 

Burton,  William,  The  Hollies,  Clifton-j unction,  near 
Manchester. 

Busk,  Stephen,  30,  Upper  Brook-street,  W. 

Carter,  W.  T.,  10,  Hare-street,  Calcutta. 

Dale,  Charles  James,  Denby,  Haslemere-road,  Grouch- 
hill,  N. 

Dalton,  Rowland  Neale,  Hillside,  Lindfield-gardens, 
Hampstead,  N.W. 

Darbishire,  William  Arthur,  D.L.,  J.P.,  Penybryn, 
Carnarvon. 

Deas,  Cairns,  7,  Hastings-street,  Calcutta. 

DeBavay,  Aug.,  Foster  Brewery,  Collingwood,  Mel- 
bourne, Victoria. 

Dickinson,  William,  Sunny-mount,  Guildford. 

Diefenbach,  J.  von,  Stuttgart,  Wurtemburg. 

Durand,  H.  E.  Sir  Henry  Mortimer,  K.C.S.L, 
K.C.I.E.,  Tehran,  Persia. 

Fanta,  Ferdinand,  97,  Queen  Victoria-street,  E.C. 

Ferguson,  William  Bates,  M.A.,  3,  Plowden-build- 
ings.  Temple,  E.C. 

Fcrrand,  Surgeon  I.ieut. -Colonel  Edward,  M.D., 
Bherampore,  Madras. 

Field,  William,  M.P.,  Blackrock,  Co.  Dublin. 

Eields-Clarke,  George  Thomas,  Southill-park,  Biggles- 
wade. 

Finney,  S.,  E.B.S.  Railway,  Sealdat,  Calcutta. 

F'itch,  Frederick  George,  Pines,  Enfield. 

Ford,  Robert  Tliomas,  Sunbeams,  Windermere. 

FTancis,  Harry,  Waterworks  offices,  Devonport. 

Franklin,  L.,  19,  Gower-street,  W.C. 

Garnett,  Professor  William,  Technical  Education 
lh)ard,  London  County  Council,  St.  Alartin’s-place, 
W.C. 


Gaster,  Leon,  37,  Maida-vale,  W. 

Gill,  Francis  N.  G.,  care  of  Messrs,  Binney  and  Co., 
Madras. 

Gout,  George,  Beilby-house,  Cleethorpes,  Lincoln- 
shire. 

Hacking,  William  Henry,  The  Grange,  Clayton-le- 
Moors,  near  Accrington. 

Halliwell,  Edward,  Alexandra-crescent,  Dewshury. 

Hanks,  Louis,  39,  Berners-street,  W.,  and  18,  Den- 
mark-road,  Ealing  Dean,  AV. 

Harral,  Horace,  Harris’s  Hotel,  Queen-square,  Bath, 
and  Union  Bank,  Chancery-lane,  AV.C. 

Hanis,  Frederick  AVilliam,  81,  Gracechurch-street, 
E.C. 

Haiwey,  Francis  G.,  care  of  Messrs.  A.  AV.  Perot  and 
Co.,  Georgetown,  British  Guiana. 

Hodgson,  Hon.  H.  Perceval,  Kullakamby,  Nilgiris, 
Madras  Presidency. 

Hodson,  William,  7,  Finsbury-square,  E.C.,  and 
Ecclesfield,  Seven  Sisters’-road,  N. 

Holliday,  Thomas,  Lunnclough-hall,  Huddersfield. 

Hoy,  Peter,  7,  Park-place,  Clarence-gate,  N.W. 

Hughes,  AV.,  Chepak,  Madras. 

Ingram,  Frederick  William,  237,  AVal worth-road,  S.E. 

Johnston,  Alexander  R.,  370,  North  AVoodside-road, 
Glasgow. 

Lacey,  Joseph  Melville,  Berampur,  Ganjam,  Madras. 

Latham,  William,  M.A.,  Q.C.,  ii,  New-square,  Lin- 
coln’s-inn,  AV.C.,  and  36A,  Rosary-gardens,  S.AV. 

Law,  James,  Lieut.  R.E.,  Stanley-house,  Farnborough, 
Hants. 

Lawson,  Robert,  133,  Stephen’s  Green,  Dublin. 

Lethbridge,  Alfred  Ernest,  Russell-buildings,  Frank- 
fort-street,  Plymouth. 

Lumb,  Tom  Gallon,  Newton-hall,  Poulton-le-Fylde. 

Lundholm,  Carl  Olof,  Stevenston,  Ayrshire,  N.B. 

Lyell,  David,  West-park,  Chesterfield,  Derbyshire. 

Mabey,  Frederick  Oscar,  196,  Amhurst-road,  Hack- 
ney, N. 

Martyn,  Thomas  Graham,  ii,  Stratton-terrace,  Truro, 
Cornwall. 

Mayson,  C.  M.,  7,  Scotch-street,  Whitehaven. 

Muller,  Henry  A.  C.,  Keugtung,  S.  Shan  States. 

Neal,  Robert  Henry  Bennett,  Central  Exchange, 
Plymouth. 

O’Dwyer,  Michael  Francis,  I.C.S.,  Alwor,  Rajputana, 
India. 

Oliver,  Professor  Thomas,  M.D.,  7,  Ellison-place, 
Newcastle-on-Tyne. 

Paget,  Clarence  George,  Guildford-house,  London- 
road,  Croydon. 

Pearce,  James  Edward,  Craufurd,  Maidenhead. 

Peck,  Herbert  Edgar,  65,  South  Molton-street,  W. 

Phillips,  John  Henley  Shawe,  33,  Bridge-avenue, 
Hammersmith,  W. 

Pilley,  Thomas  William,  33,  Grove-hiU-road,  Den- 
mark-hill,  S.E. 

Purvis,  Peregrine,  The  Cedars,  Winchmore-hill,  N. 

Robinson,  J.  Clifton,  Pasedena,  345,  Goldhawk-road, 
Shepherd’s-bush,  W. 

Scott,  Harry,  3,  Brixton-hill,  S.W. 
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Sherwin,  H.  H.,  Waddesdon,  Aylesbury. 

Shurmur,  William,  4,  Prospect-hill,  Walthamstow, 
Essex. 

Simpson,  E.  Graham,  99,  St.  Martin’s-lane,  W.C. 
Smith,  George  Williams,  29,  St.  George’s-road, 
Eccleston-square,  S.W. 

Sperati,  Guiseppe  E.,  Rosa  Alba-house,  Highbury- 
park,  N. 

Stevens,  Benjamin  Franklin,  4,  Trafalgar-square,W.C. 
Stewart,  Jeffrey,  35,  Argyle-road,  Ilford,  Essex. 
Sykes,  Joseph  Charles,  15,  Vemon-road,  Clapham, 

S.W. 

Sykes,  Captain  P.  Molesworth,  Elcombs,  Lyndhurst, 
Hants. 

Tate,  Henry,  Park -hill,  Streatham-common,  S.W. 
Thomason,  William,  junr.,  162,  Elms-road,  Clapham- 
park,  S.W. 

Tremearne,  Shirley,  8,  Old  Court-house-street,  Cal- 
cutta. 

Triana,  Santiago  Perez,  96  and  98,  Leadenhall- 
street,  E.C. 

Vaughan,  J.,  16,  Manville-road,  Tooting,  S.W. 

Verel,  William  Aristides,  Fairholm,  Larkhall,  N.B. 
Wade,  James  L.,  28,  West  Kensington-gardens,  W. 
Watson,  William  Hill,  Hygeia,  Windsor-road, 
Willesden-green,  N.W. 

Westland,  Sir  James,  K.C.S.I.,  Finance  and  Com- 
merce Department,  Simla,  India. 

Whittome,  D.  Knights,  The  County  Studio,  Here- 
ford. 

Whowell,  F.,  Carr-bank,  Tottington  Buiy%  Lan- 
cashire. 

Wilkinson,  C.  E.,  36,  Blythe-road,  West  Kensington, 

W. 

Wyatt,  Arthur  W.,  Ivor,  Goldhurst-terrace,  Kilburn, 

N.W. 

The  Chairman  delivered  the  following 
address  : — 

THE  COLONIES:  THEIR  ARTS,  MANU- 
FACTURES, AND  COMMERCE. 

It  was  my  privilege  last  year,  as  Chairman 
of  your  Council,  to  speak  of  “ India,  its  Arts, 
Manufactures,  and  Commerce,”  and,  en- 
couraged by  your  kind  reception  of  my 
address  on  that  occasion,  I propose  this 
evening  to  touch  on  these  subjects  with 
special  reference  to  the  Colonies  — regions 
which  constitute  one  portion  of  our  empire, 
as  our  great  dependency  of  India  forms  the 
other  — and  which  we  are  all  proud  to 
call  Greater  Britain  ! I must  acknowledge 
at  the  outset,  that  the  subject  is  a difficult 
one,  not  only  because  the  history  and 
progress  of  the  colonies  have  been  treated 
in  so  complete  a manner  during  the  past 
session,  in  papers  read  before  this  Society,  by 
Sir  Charles  Dilke  and  others  of  acknowledged 


experience  and  ability,  but  because  it  is  as 
difficult  to  treat  them  as  one  homogeneous 
whole,  as  it  is  to  deal  with  them  separately; 
amounting  as  they  do  to  upw'ards  of  forty 
distinct  administrations,  covering  a space,  in 
the  aggregate,  of  9,500,000  square  miles,  of 
which  the  population,  however,  is  compara- 
tively small,  since  it  is  estimated  at  only  about 
22,000,000  persons,  of  whom  about  half  are  of 
British,  or  European,  nationality. 

Ivooking  back  through  the  vista  of  many 
centuries,  we  may  see  that  in  ancient  times 
the  word  ” colony”  was  used  as  meaning  the 
settlement  of  a body  of  people  in  a new  and) 
permanent  abode  ; while  subsequently,  irw 
later  years,  the  word  was  used  of  an  outlying 
territory  possessed  by  the  mother  country.  In 
the  present  day,  however,  the  term  comprehends 
both  the  one  idea  and  the  other.  Of  the  early 
migrations  which  carried  a Greek  population, 
first  into  Asia  Minor  and  then  into  Italy  and 
Sicily,  we  have  no  knowledge  sufficiently 
accurate  to  explain  the  exact  reason  of  them  ; 
but  it  is  believed  that  the  original  cause  for  the 
foundation  of  these  colonies  sprangfrom  internal 
commotions  and  a superabundant  population. 
In  short,  at  one  period  of  Grecian  history^  con- 
tentions were  so  rife  among  that  artistic, 
learned,  but  unstable  race,  that  when  one  of 
the  contending  parties  acquired  ascendancy,, 
the  situation  was  made  so  disagreeable  to  the 
other  that  these  preferred  to  emigrate  to  sno\\y 
climes  or  desert  sands  rather  than  remain  to 
be  insulted  and  ill  - treated  at  home.  And 
again  at  a later  period,  the  Greek  population 
became  so  superabundant  that  relief  was  de- 
manded in  the  shape  of  a diminution  of 
numbers  and  was  made  a ground  for  colo- 
nisation. Thus,  in  course  of  time,  the  Grecian 
colonies  became  States  in  all  respect  inde- 
pendent, owning  no  Government  but  what  they 
established  for  themselves,  although  they  still 
looked,  we  are  told,  to  the  mother  country  for 
protection  and  assistance,  while  holding  them- 
selves under  a strong  obligation  to  befriend 
and  assist  her  in  difficulties. 

The  Roman  colonies  arose,  it  is  said,  out  of 
a peculiarity  of  the  status  of  the  people.  The 
land  in  the  Roman  Empire  was  originally 
regarded  as  belonging  to  the  State,  and  there- 
fore so  soon  as  the  democratic  power  becanie 
predominant,  the  people  claimed  it  as  belong- 
ing to  themselves.  This  claim  turned  the  land 
by  degrees  into  private  property,  with  the 
inevitable  result  that  it  was  soon  engrossed 
by  the  rich  and  powerful  to  the  exclusion  of 
those  who  were  in  want  of  money.  So  soon,. 
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therefore,  as  the  mass  of  the  people  became 
reduced  to  abject  poverty,  and  asserted  their 
original  claims  to  the  land  in  a formidable 
manner,  they  were  shipped  off  by  the  demo- 
cratic monopolists  of  it,  to  distant  parts  of 
the  empire.  There  land  was  given  to  them 
free  of  cost,  and  they  still  lived  under 
Roman  law,  and  were  forced  to  be  content 
with  a lot  which  gave  them  certain  advantages 
in  the  shape  of  exemption  from  military  service 
and  otherwise.  Should  any  of  you  be  fond  of 
historical  research,  you  might  find  these 
and  other  ancient  emigrations  an  interest- 
ing study,  and  full  of  lessons  not  altogether 
inapplicable  to  ourselves  and  the  days  in 
which  we  live. 

The  founding  of  our  own  British  colonies 
does  not  seem  to  have  sprung,  primarily,  from 
either  of  the  causes  which  actuated  the  Greek 
and  Roman  movements,  but  to  have  arisen 
rather  from  that  love  of  adventure  and  spirit  of 
mastery  which  have  always  adorned  our 
national  character.  It  must  be  noted  at  the 
same  time  that  at  one  period  of  our  history  we 
were  tempted,  during  the  gradual  growth  of  our 
colonies  (extending  over  a period  of  about  300 
years),  to  use  some  of  these  outlying  pos- 
sessions for  the  deportation  of  the  criminal 
portion  of  our  population,  an  arrangement 
which  cannot  be  said  to  have  met  with 
either  financial  or  political  success.  Without, 
however,  going  into  any  unnecessary  details 
as  to  this  and  other  questions  affecting  our 
colonies,  I venture  to  place  before  you 
a general  sketch  of  their  progress  and  status, 
and  to  speak  to  you  of  their  arts,  manu- , 
factures,  and  commerce.  Taken  altogether, 
our  colonies  comprise  about  nine  and  a 
half  millions  of  square  miles  of  land,  with  a’ 
population  of  over  22,000,000  souls*  (ex- 
clusive of  protectorates)  out  of  a total  empire  ' 
under  our  Sovereign  of  eleven  and  a quarter  f 
millions  of  square  miles,  with  a population 
in  all  of  over  360,000,000  souls  ! Yes  ! the 
largest  empire  ever  founded  in  this  world 

*’  The  colonial  possessions  and  protectorates  of  France 
(including  Alg-eria)  comprise  a total  area  of  about  2,500,000, 
square  miles,  of  which  1,232,400  are  in  Africa,  with  a popula- 
tion estimated  at  about  20,000,000  souls.  The  French  colonies 
cost  France  about  ;^i, 000,000  sterling,  in  addition  to  large 
grants  from  the  Marine  Budget  and  that  of  the  Ministry  of 
AVar,  the  exact  extent  of  which  are  not,  so  far  as  I am  aware, 
known.  Our  English  colonies  are  said  to  cost  us  about 
/^2, 000, 000  sterling  annually,  mainly  for  military  and  naval 
))urposes,  which  is  a moderate  expenditure  compared  with 
the  value  of  trade  (over  ;^5o,ooo,ooo  sterling)  between  them 
and  the  mother  country.  As  to  Germany,  the  area  of  her 
colonial  possessions  amounts  to  about  1,000,000  square  miles, 
w'ith  a population  said  to  reach  10,000,000  souls.  Of  these 
possessions,  921,000  square  miles  are  in  Africa.  At  a time 


since  the  flood  ; inasmuch  as  the  great  Roman 
Empire,  of  which  historians  think  so  much, 
comprised  territories  and  populations  which 
would  now  go  into  a very  small  corner  of  the 
British  dominions.  When  we  consider  the 
bald  facts  thus  curtly  stated,  it  seems  as  diffi- 
cult for  any  of  us  to  remain  a little  Englander 
as  it  is  impossible  not  to  be  grateful  that,  amid 
the  many  felicitous  circumstances  of  the  Jubilee 
year  in  which  we  are  living,  the  one  which  is 
likely  to  be  longest  remembered  by  the  great 
mass  of  the  English  people  is  the  loyalty, 
energy,  and  devotion  to  the  Crown,  manifested 
by  their  colonial  fellow-countrymen,  and  the  way 
in  which  they  have  been  led  to  realize  the  fact 
that  they  belong  to  a great  empire,  carrying 
with  it  responsibilities,  difficulties,  and  sacri- 
fices of  the  highest  order. 

It  is,  perhaps,  well  known  to  you  all  that  the 
greater  part  of  our  colonies  has  been  acquired 
in  comparatively  recent  times;  although  the 
first  attempted  colonial  settlement,  that  of  Sir 
Humphrey  Gilbert  in  Newfoundland,  was  made 
as  early  as  1583.  Briefly  speaking,  we  pos- 
sessed, three  generations  ago  (about  the  time 
when  our  own  Society  was  founded).  Cape 
Colony,  a part  of  the  West  Indies,  and  a 
large  portion  of  North  America  ; but  so  com- 
paratively small  were  these  possessions  that 
they  only  represented  a population  of  about 
3,000,000  souls,  and  were  managed  in  London 
by  a small  committee,  answering  in  some 
measure  to  our  present  Board  of  Trade.  During 
the  reign  of  Queen  Victoria,  however,  our 
Colonial  Empire  has  been  built  up  and  con- 
solidated by  the  occupation  of  large  regions  in 
all  parts  of  the  globe,  until  it  has  reached  the 
dimensions  just  stated,  and  exists  under  the 
general  control  of  the  Colonial-office,  which 
was  established  in  its  present  form  only  about 
forty  years  ago. 

It  may  interest  you  to  be  reminded  that  the 
colonies  may  be  divided,  for  all  practical 
purposes  into  two  classes  : — (i)  the  Crown 
Colonies,  which  are  controlled  by  the  Home 

when  Germany  is  contemplating  a large  increase  to  her  navy 
for  the  purpose  of  protecting  and  extending  the  “ greater 
Germany  beyond  the  seas,”  it  may  be  interesting  to  note 
(Times,  loth  October,  1897^  that  her  existing  colonies,  or 
rather  protectorates,  cost  her  about  400,000  a year,  and  that 
the  value  of  the  trade  between  these  colonies  and  the  mother 
country  is  about  ;^570,ooo.  To  pay  ;^400,ooo  for  £’^-]o,ooo 
worth  of  trade  costs  the  German  taxpayers  15s.  in  the  £. 
The  total  German  population  throughout  the  German 
colonies  amounts  only  to  1,803,  of  whom  at  least  half  are 
either  soldiers  or  officials,  and  exceeds  by  only  25  the  non- 
German  white  population,  numbering  1,778.  As  the  German 
Colonial  Society  now  amounts  to  19,500,  every  German 
colonist  has  nearly  ii  self-constituted  champions  of  his  cause 
at  home. 
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Government,  and  (2)  those  possessing-  re- 
sponsible Governments,  in  a greater  or  less 
deg-ree,  in  which  the  Crown  exercises  no 
special  control,  except  in  the  appointment  of 
the  Governor  and  in  a veto  on  legislation.  In 
the  first  category  may  be  included  Antigua, 
Bahamas,  Barbadoes,  Basutoland,  Bermudas, 
British  Guiana,  British  Honduras,  Ceylon, 
Dominica,  Falkland  Islands,  Fiji,  Gambia, 
Gibraltar,  Gold  Coast,  Grenada,  Hong  Kong, 
Jamaica,  Lagos,  Leeward  Islands,  Malta, 
Mauritius,  Montserrat,  St.  Helena,  St.  Kitts 
and  Nevis,  St.  Lucia,  St.  Vincent,  Seychelles 
Islands,  Sierra  Leone,  Straits  Settlements, 
■consisting  of  Singapore,  Penang,  Malacca, 
and  certain  Malay  States ; Tobago,  Trinidad, 
Turks  Islands,  Virgin  Islands,  and  Zululand ; 
.also  some  protectorates  which  will  be  presently 
mentioned-  In  the  second  category  may  be 
named  Canada,  Newfoundland,  Australasia 
(including  British  New  Guinea),  the  Cape  of 
Good  Hope,  and  Natal.  In  addition  to  these 
two  classes  of  colonies  there  are,  as  you  knov/, 
certain  British*  possessions  and  protectorates 
which  are  at  present  controlled  by  High  Com- 
missioners or  Chartered  companies,  or  are  in  a 
position  of  dependency  in  other  forms  on  the 
British  Government.  Firstly,  may  be  men- 
tioned the  Bechuanaland  Protectorate  (twice 
.as  large  as  France  in  area),  which  has  recently 
been  incorporated  in  Cape  Colony ; then  comes 
British  Central  Africa,  containing  the  territory 
better  known  as  Nyassaland ; then  British 
East  Africa  and  Zanzibar ; then  Brunei  (in 
Borneo),  Cyprus,  the  Niger  Coast  Protectorate, 
the  Niger  territories.  North  Borneo,  Rhodesia, 
Sarawak,  the  Western  Pacific  Islands,  and 
Cook  or  Hervey  Islands,  and  so  on.  And  as 
all  Europe  seems  intent  on  spiriting  away 
Africa  from  its  original  owners,  it  may  here  be 
noted  that  the  British  possessions  in  that  vast 
continent  reach  an  area  of  about  3,000,000 
square  miles,  or  a territory  nearly  as  large,  in 
the  aggregate,  as  Europe. 

It  is  obvious  that  the  initial  want  felt  in 
these  enormous  tracts  of  land  is  an  intelligent 
white  population  which  can  live  in  them.  This 
is,  no  doubt,  rapidly  becoming  one  of  the 
great  problems  of  the  day.  At  present  only  an 
average  of  16,000  souls  go  annually  from  this 
country  to  Canada,  10,000  to  Australia,  and 
24,000  to  South  Africa  ; whereas  at  least  three 

* Other  than  those  controlled  by  India,  such  as  Aden, 
Perim,  .Socotra,  the  Laccadive,  Nicobar,  and  Andaman 
Islands ; and  also  Ascension,  the  affairs  of  which  are  manag^ed 
by  the  Admiralty.  For  all  these  and  other  interesting  facts 
see  the  Colonial  List,  admirably  edited  by  Mr.  John 
Anderson,  C.B. 


times  this  annual  amount  of  emigration  has  to 
be  reached  if  we  are  to  attain  that  solidarity 
and  strength  in  the  colonies  which  we  all  so 
much  desire.  The  want  of  the  fairer  portion  of 
our  population  is  a want  particularly  felt  at  the 
present  moment  in  the  colonies  ; in  fact,  there 
is  a deficiency  of  women  in  proportion  to  men, 
which  amounts  in  some  cases  to  50  per  cent., 
although  here  at  home  it  is  all  the  other 
way,  more  especially  in  the  Channel  Islands 
which  are  therefore  worthy  of  a visit  from  those 
of  our  colonial  bachelors  who  may  be  con- 
templating a change  in  their  sad  and  solitary 
condition  ! 

To  complete  these  somewhat  perfunctorj' 
remarks  as  to  the  colonies,  it  only  remains  to 
say  that,  so  far  as  one  is  able  to  express  an 
opinion  after  an  examination  of  official  papers, 
their  financial  condition  is,  in  most  of  them, 
sound,  and  is,  in  others,  improving;  that  their 
provision  for  elementary,  technical,  and  higher 
education  is  in  some  respects  superior  to  that 
in  the  mother  country ; that  in  regard  to 
modern  communications,  not  to  speak  of 
roads  and  canals,  there  is  a satisfactorv' 
progression,  since  they  possess  at  present 
about  34,000*  miles  of  railway  and  120,000 
miles  of  telegraph  lines,  constructed  at  a cost 
in  all  of  about  ;^35o,ooo,ooo  sterling.  I quote 
these  figures  merely  to  give  you  an  idea  of 
the  gradual  advance  that  is  being  made  in 
these  important  means  of  communications, 
inasmuch  as  only  twenty  years  a^o  there  were 
in  all  the  colonies  but  7,000  miles  of  railwa)' 
and  20,000  miles  of  telegraph  lines.  This  fact 
is  so  far  a useful  one,  inasmuch  as  progress  in 
railways  and  other  means  of  communication 
often  indicates  advance  in  population,  wealth, 
and  civilisation. 

To  defend  our  great  colonial  possessions  is 
naturally  a question  of  immense  importance, 
and  it  is  one  that  we  have  every  reason  to 
believe  is  engaging  the  earnest  attention  of 
our  responsible  authorities.  Speaking  of  this 
matter  generally,  it  may  be  noted  that  since 
the  year  1870  Imperial  troops  have  been 
gradually  withdrawn  from  the  self-governing 
colonies,  so  that,  with  the  exception  of  the 
naval  station  of  Halifax  (Nova  Scotia)  and  of 
Cape  Town,  their  defence  on  land  rests  entirely 
on  their  local  forces.  Certain  Crown  and  other 
colonies,  however,  such  as  Gibraltar,  Malta, 
Natal,  Mauritius,  Sierra  Leone,  St.  Helena, 
Ceylon,  Straits  Settlements,  Hong  Kong,  Bar- 

There  are  22,000  miles  of  the  one  and  37,000  miles  of  the 
other  in  the  United  Kingdom,  and  20,000  miles  of  the  one  and 
44,000  miles  of  the  other  in  India. 
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T3adoes,  Jamaica,  St.  Lucia,  and  Bermuda, 
still  possess  British  garrisons.  The  various 
local  forces  of  the  combined  colonies,  including 
militia,  volunteers,  and  constabulary,  amount  to 
more  than  100,000  men  in  all,  the  regular  militia 
alone  furnishing  a fine  force  of  upwards  of  80,000 
well-equipped  troops.  The  maritime  defence  of 
our  colonies  still  remains  in  the  hands  of  the 
Imperial  navy,  which  furnishes  some  80  vessels 
in  all  for  service  in  what  may  be  called  colonial 
waters.  Canada  and  the  Australian  Colonies 
have  taken  considerable  pains,  however,  to 
make  additional  provision  in  this  respect ; nor 
can  we  regard,  without  a full  appreciation 
of  its  value,  the  recent  proposal  of  Sir 
Gordon  Sprigg,  made  on  behalf  of  the  Cape 
Government,  to  construct  a first-class  battle- 
ship at  the  expense  of  that  colony.  Strong 
fortifications  have  been  erected  at  Cape  Town, 
Freetown  (Sierra  Leone),  St.  Helena,  Singa- 
pore, Hong  Kong,  and  elsewhere,  to  which  the 
Imperial  Government  has  contributed  half  the 
cost.  There  are  also  Imperial  naval  stations 
at  Simon’s  Bay  (Cape  Town),  Trincomalee 
(Ceylon),  Bermuda,  Esquimalt  (Vancouver’s 
Island),  Halifax,  Malta,  Gibraltar,  St.  Lucia, 
Hong  Kong,  Ascension,  and  other  places.  It 
is  possible  that  ere  long  we  may  see  a con- 
siderable improvement  in  the  an*angements 
made  for  the  naval  and  military  defence  of  our 
colonies,  as  an  outcome  of  the  useful  confer- 
ences of  June  and  July  last  between  our  able 
Secretary  of  State,  Mr.  Chamberlain,  and  the 
Premiers  of  the  self-governing  colonies, — con- 
ferences so  wisely  brought  about  by  Her 
Majesty’s  present  Government. 

Now,  in  all  that  I have  ventured  to  say  as 
to  the  condition  of  our  Colonial  Empire,  I 
have  intentionally  given  general  facts  and 
figures  only,  for  to  mention  each  colony  and 
dependency  separately  would  occupy  many 
addresses  and  many  evenings.  But  in  order 
that  you  may  gather  a general  idea  of  what  is 
being  done  by  some  of  our  principal  colonies 
(as  a key  to  the  progress  of  others  which, 
although  not  named,  are  of  no  less  com- 
parative importance),  I may  mention  that 
Canada,  which  in  extent  is,  of  itself,  almost 
as  large  as  Europe,  has  a system  of  canal, 
river,  and  lake  navigation  of  over  2,700  miles 
in  length  ; that  she  has  an  important 
network  of  railways  16,000  miles  in  extent, 
besides  32,000  miles  of  telegraph  lines;  and 
that  she  maintains  a separate  force  of  about 
35,000  regular  militia  to  preserve  order  in 
her  long  line  of  frontier  besides  a reserve 
force  liable  to  be  called  out  by  general 


conscription  in  moments  of  danger.  At  the  same 
time  her  progress  in  education,  agriculture, 
and  industrial  pursuits  is  most  encouraging. 
The  same  may  be  said,  in  a greater  or  less 
degree,  of  other  colonies.  For  instance,  to 
take  Australasia,  it  may  be  mentioned  that  in 
New  South  Wales,  one  of  our  oldest  estab- 
lished settlements  (and  in  area  considerably 
larger  than  France),  nearly  3,000  miles  of 
railway  have  been  built  at  a cost  of 
;^37,ooo,ooo,  besides  innumerable  lengths  of 
telegraphs,  roads,  and  tramways.  In  Victoria 
we  find  an  almost  equal  amount  of  progress. 
Queensland  is  not  far  behind.  West  Australia 
(which  is  more  than  four  times  as  large  as 
France,  and  is  now  rapidly  developing  unex- 
pected sources  of  mineral  wealth)  is  also 
waking  up  to  her  interests  both  in  education 
and  in  means  of  communication.  South 
Australia  also  holds  her  own  in  these  respects. 
New  Zealand,  again  (which,  as  you  may 
know,  consists  of  islands  which  extend  i,oao> 
miles  in  length,  with  a considerable  sea-board) 
is  not  only  one  of  the  most  favoured  of  our 
colonies  in  scenery  and  climate,  but  is  making 
good  progress  in  education  and  other  essen- 
tials, besides  paying  more  attention  than  some- 
of  her  sister  colonies  to  her  means  of  defence 
against  foreign  attack. 

It  would,  indeed,  be  pleasing  to  review  in 
detail  the  condition  in  these  respects  of  other 
of  our  colonies  if  time  permitted  one  to  do  so. 
It  may  be  sufficient,  however,  to  say  here  that 
each  separate  portion  of  our  Colonial  Empire,, 
whether  it  be  directly  under  the  Crown,  or 
whether  it  be  self-governing,  has  its  special 
value  and  its  special  characteristics,  and  we 
may  rest  assured  that  the  events  of  this  year 
have  caused  each  of  them  to  realise  its  own, 
peculiar  importance  to  the  Empire  at  large ; to 
grasp  the  necessity  for  its  protection  against 
foreign  trade  or  foreign  aggression ; and  te 
show  to  the  world  at  large  the  value  and 
weight  of  a loyal  adhesion  to  the  mother 
country,  w'hich,  we  may  all  believe,  has  no- 
more  devoted  and  warm-hearted  sons  and 
daughters  than  those  who  live,  so  to  speak,  in 
the  hollow  of  her  hand  and  in  the  tips  of  hei 
fingers. 

To  pass  on  now  to  the  main  object  of  tliis 
address,  the  Arts,  ManiLfactures,  and  Com- 
merce of  the  colonies,  I may  remind  you 
again,  as  I reminded  you  last  year,  that  the 
term  Art  is  defined  by  Lord  Bacon  as  a 
proper  disposal  of  the  things  of  nature  by 
human  thought  and  experience,  so  as  to- 
answer  the  several  purposes  of  mankind.  Arts 
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are  therefore  commonly  divided  into  useful  and 
mechanical,  fine  and  liberal,  the  former  being 
those  wherein  the  hand  and  body  are  more 
concerned  than  the  mind,  and  are  known  by  the 
name  of  trades  ; and  the  latter  being  those 
which  depend  more  on  the  labour  of  the  mind, 
and  are  the  produce  of  imagination.  In  the 
colonies  we  find  a very  creditable  admixture  of 
both  these  attributes,  although  it  may  be 
sufficient  on  the  present  occasion  to  refer  more 
particularly  to  the  fine  and  liberal  arts,  in 
which  the  colonies  are  making  a progress  that 
is  eminently  satisfactory. 

Dealing  with  Canada  first,  it  seems  that 
there  are  several  art  schools  in  operation  in 
connection  with  the  many  valuable  educational 
establishments  of  that  colony.  Canada  offers 
a fine  field  for  the  talent  of  nature’s  true 
artists,  and  although  Canadian  art  has  hitherto 
been  imitative  rather  than  creative,  yet  of  late 
years,  as  the  recent  Chicago  Exposition  has 
proved,  Canadian  artists  can  produce  pictures 
which  show  an  individuality  of  expression 
which  is  most  creditable  to  them,  among 
whom  more  notable  names  are  those  of  O’Brien, 
Reid,  Bell-Smith,  Harris,  Forster,  Brymner, 
and  Miss  Bell.  We”*  are  reminded  also  by  a 
writer  on  this  subject  (Mr.  Bourinot,  C.M.G.) 
that  the  Marquis  of  Lome  and  the  Princess 
Louise,  during  their  residence  in  Canada,  did 
much  to  stimulate  a wider  taste  for  art  by  the 
establishment  of  a Canadian  academy  and  the 
holding  of  annual  exhibitions.  We  may  feel 
sure,  therefore,  that  in  course  of  time  Canada 
will  give  still  greater  attention  to  this  branch 
of  her  progressive  education  than  she  does 
even  now,  and  will  soon  follow  the  useful 
example  of  her  Australian  sisters  in  the  estab- 
lishment of  national  galleries  and  advanced 
schools  of  art. 

In  the  seven  great  colonies  of  Australia  we 
find  much  progress  made  in  the  direction  of 
art.  Half  a century  ago  no  one  troubled  him- 
self at  the  Antipodes  about  art,  whereas  now 
it  is  slowly  gaining  for  itself  a position  which 
tends  towards  a distinctive  Australian  school. 
In  New  South  Wales,  for  example — the  mother 
colony  of  the  Australias — an  academy  of  arts 
was  founded  some  twenty-five  years  ago  at 
Sydney,  in  connection  with  other  branches  of 
public  education,  and  an  art  gallery  was  sub- 
sequently opened  and  designated  a “ National 
Gallery,”  which  is  aided  from  Government 
funds  and  is  freely  accessible  to  the  public. 
The  collection  in  this  gallery  represents  a 
value  amounting  to  about  ; while  a 

Colonial  Court,  devoted  to  the  work  of  Aus- 
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tralian  artists,  is  becoming  a feature  in  the. 
collection,  and  the  purchase  of  a picture 
the  State  is  considered  by  these  artists  to  be  a 
high  distinction.  There  are  also  in  the  country 
districts  of  New  South  Wales  many  schools  of 
art  allied  with  technical  and  other  educational: 
establishments.  As  to  Victoria,  we  find  that 
to  her  belongs  the  honour  of  being  the  first  to 
initiate  an  art  movement  in  the  AntipcMes,. 
for  after  founding  a public  library  at  Mel- 
bourne in  1853,  she  added  to  it,  a few  years, 
afterwards,  a national  gallery,  in  which  the- 
collection  now  amounts  to  about  450  oil  paint- 
ings, besides  large  numbers  of  water-colour 
drawings,  engravings,  and  statuary  and  other 
works  of  art.  Here  it  may  be  added,  a system, 
of  intercolonial  exchange  of  pictures  was- 
inaugurated  in  1894  for  temporary  exhibition 
purposes.  There  are  also  in  Victoria  18  prc- 
vincial  schools  engaged  in  teaching  science^ 
art,  and  trade  subjects.  In  South  Australia 
there  is  an  art  gallery;  while  drawing  is  made, 
a compulsory  subject  in  the  State  schools.  In 
Queensland  there  are  many  institutions  which 
comprise  schools  of  art ; and  in  connection 
with  such  a school  established  at  Brisbane,, 
a technical  college  has  been  founded  with 
much  success. 

In  short,  in  our  Australian  colonies,  and  in 
New  Zealand,  there  is  a wide  field  for  the 
genius  of  Antipodean  artists  who,  although 
without  such  beautiful  green  fields  and 
idyllic  rural  scenery  as  we  possess  in  the- 
United  Kingdom,  yet  can  appeal  direct  to 
nature  of  diverse  character  “ from  the  frigid 
heights  of  the  Australian  Alps  to  the  waving 
palms  and  jungle-fringed  rivers  of  tropical 
North  Queensland.”  And  w’e  need  only- 
mention  men  like  Lister,  Streeton,  Mahony, 
McCubbin,  Fullwood,  Spence,  Roberts,  Pigue- 
nett,  Hanson,  and  others,  to  come  to  the  con- 
clusion that  there  is  a creditable  amount  of 
home  talent  in  Australia  which  can  appeal  to 
limitless  plains,  silent  forests,  dark  lily-covered 
lagoons,  and  the  wild  free  life  of  the  bush,  for  a 
thousand  inspirations  tow^ards  its  development.. 
There  are  many  illustrations  in  England  of  the- 
genius  of  these  painters,  and  no  doubt  some  of 
you  have  seen  excellent  specimens  of  Aus- 
tralian and  New  Zealand  art  in  the  Imperial 
Institute  and  in  the  Ro}'al  Colonial  Institute 
and  elsewhere— specimens  which  will  bear 
good  comparison  wnth  productions  nearer- 
home. 

Passing  on  to  the  Cape,  it  maybe  mentioned 
that,  although  the  fine  arts  do  not  occupy,  at 
present,  a large  space  in  its  rapidly  improving 
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educational  establishments,  yet  that  colony 
has  recently  passed  an  Act  of  Parliament  for 
the  purpose  of  establishing  an  art  gallery  at 
Cape  Town,  to  contain,  among  other  things, 
a collection  of  paintings  and  works  of  art 
^litherto  held  in  trust  by  the  South  African 
Fine  Arts  Association.  If  I here  confine 
these  few  remarks  as  to  art  to  some  of  our 
larger  self-governing  colonies,  it  is  merely, 
as  I have  before  observed,  for  want  of 
time.  I have,  perhaps,  said  enough  to  give 
you  an  impression  that  the  subject  is  not 
neglected  in  our  Colonial  Empire,  and  I can- 
not better  leave  this  portion  of  my  address 
than  by  re-echoing  the  words  of  a true  enthu- 
:siast  (Frank  Hutchinson)  who  tells  us  that  the 
possibilities  of  art  in  Australia  are,  from  a 
purely  artistic  point  of  view,  limitless  ; for 
here  are  a thousand  undiscovered  charms  and 
mysteries,  sublime  atmospheric  effects,  and 
infinite  diversities  of  scenery  and  life  as  fresh 
.as  from  the  Creator’s  hand.  With  Australia, 
indeed,  as  with  the  minstrel  of  old,  the  way 
may  be  long  and  the  wind  may  be  cold,  but 
■she  has  at  least  within  her  the  spirit  of  youth 
and  daring,  and  ever  ahead  and  beckoning 
her  onward  is — 

Hope  on  the  mountains 
Beautiful  as  morn. 

Coming  now  to  Manufachcres  and  Cofn- 
merce,  we  understand  the  one  term  as  meaning 
a commodity  produced  from  raw  or  natural 
materials  either  by  the  work  of  the  hand  or  by 
machinery,  and  the  other  as  implying  the 
■exchange  of  articles  of  any  kind  for  money 
and  other  commodities.  Again,  to  take  a few 
•of  our  larger  colonies  as  examples,  we  find 
that  at  the  Cape  are  about  2,200  industrial 
•establishments,  such  as  flour  mills,  breweries, 
tanneries,  and  mines,  employing  33,000  per- 
sons, and  annually  producing  articles  werth 
about  0,000, 000  sterling.  Although  agri- 

culture and  fisheries  form  the  staple  industry  of 
Canada,  and  the  manufacturing  element  there 
is  comparatively  in  its  infancy,  yet  the  factory 
establishments  of  sorts,  including  the  manu- 
facture of  w'ood  pulp,  are  making  great  pro- 
p^ress,  and  employ  about  250,000  persons  in  the 
making  of  a variety  of  goods,  from  buttons  to 
steam-engines.  Canada  possesses  unrivalled 
means  for  the  development  of  her  manufactures, 
en  account  of  her  abundant  water  supply,  her  tim- 
ber, and  the  excellent  external  and  internal  facili- 
ties which  she  possesses,  not  only  for  the  importa- 
tion of  raw  materials,  but  for  the  distribution  of 
the  manufactured  article.  In  New  South  Wales 
.again  there  are  nearly  2,500  manufactories  of 


kinds  employing  about  45,000  hands;  in  Vic- 
toria, 2,675  factories  engage  42,000  persons  ; in 
South  Australia,  750  factories  give  work  to 
10,000  hands;  and  in  New  Zealand,  about 
2,500  factories  employ  30,000  men,  and  so  on. 

As  to  Commerce,  it  need  only  be  mentioned 
here  that  the  external  trade  of  the  colonies,  as 
a whole,  has  increased  from  ;,((34,ooo,ooo  sixty 
years  ago  to  about  ;^300,000,000  at  the  present 
time,  and  that  colonial  shipping,  i.e.,  shipping 
actually  belonging  to  the  Colonies,  has  risen 
from  450,000  to  1,500,000  tonnage,  to  convince 
you  of  the  progress  made  by  our  Colonial  Empire 
in  this  direction.  Here,  again,  a few'  separate 
instances  may  be  of  interest  to  you.  The 
annual  commerce  of  the  Cape,  for  instance, 
half  a century  ago,  w'as  w'orth  ;^6oo,ooo  ; it 
is  now  w'orth  J2'] ,000 ,000 , while  the  tonnage 
of  shipping,  inwards  and  outwards,  of  Cape 
Colony  has  risen  from  150,000  to  3,500,000 
tons.  Again,  while  Canada  has  now'  become 
a great  maritime  country,  her  imports  have 
risen  within  the  same  time  from  ;^4,ooo,ooo  to 
000, 000,  and  her  exports  from  ^2,500,000 
to  ;^24,ooo,ooo.  New'  South  Wales,  w'e  are 
reminded  by  Sir  Charles  Dilke,  has  for  many 
years  exported  over  ;^20,ooo,ooo  of  produce 
every  year,  of  w'hich  half  is  wool,  and  she  im- 
ports from  the  United  Kingdom  alone  about 
£6,000,000  worth  of  goods.  Victoria,  again, 
exports  over  ;^i4,ooo,ooo  of  produce,  and  from 
the  United  Kingdom  alone  imports  ;^5,50o,ooo 
worth  of  goods.  New’  Zealand,  again,  exports 
about  £10,000,000  worth  of  produce,  and  from 
the  United  Kingdom  imports  about  ;^4,500,000 
worth  of  goods,  and  so  on.  It  may  be  added 
that  Ceylon,  through  the  enterprise  of  its 
planters,  is  rapidly  increasing  her  tea  industry, 
her  export  of  this  commodity  alone  into 
the  United  Kingdom  reaching  upwards  of 
;^3,500,000  sterling.  Her  general  trade  has 
also  much  grown  during  the  Queen’s  reign,  her 
tonnage  of  British  ships  entered  and  cleared, 
exclusive  of  coasting  trade,  having  increased 
from  10,000  tons  to  5,452,547  tons.  The  same 
tale  of  graduated  prosperity  may  be  told  of 
other  sister  colonies. 

To  speak  generally,  I may  state,  on  the 
authority  of  official  publications,  that  the  trade 
of  our  colonies  as  a wFole  is,  for  the  most 
part,  an  exchange  of  raw'  materials  for  manufac- 
tured goods,  and  that  they  import  into  the 
United  Kingdom  about  ;^io,ooo,ooo  sterling 
worth  more  goods  than  they  receive  from  us. 
The  balance  of  trade  appears,  therefore,  to  be 
at  present  in  their  favour  so  far  as  the  mother 
country  is  concerned.  By  far  the  largest  item 
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is  wool,  coming  from  Australia  and  South 
Africa,  with  some  from  Canada  and  the 
Falkland  Islands.  Out  of  a total  of  about 
£2>o,ooo,ooo  of  this  particular  export,  ninc- 
tenths  come  to  the  world’s  great  wool  mart 
in  London,  making  up  one-third  of  the  total 
of  England’s  colonial  imports.  Next  to  wool 
stand  sugar  and  molasses,  the  product  of  the 
West  Indies  (with  British  Guiana  and  British 
Honduras),  Mauritius,  Fiji,  Natal,  Queensland, 
and  the  Straits  Settlements.  These  commodi- 
ties produce  an  export  of  about  £j, 000,000, 
and  chiefly  go  to  the  United  States.  Almost 
as  important  as  sugar  is  the  export  of  hides, 
skins,  leather,  and  furs  from  Australasia, 
South  Africa,  Canada,  and  Newfoundland, 
amounting  to  about  ^6,000,000  and  mainly 
consigned  to  London.  In  the  imports  of  dairy 
produce  into  the  United  Kingdom  the  colonies 
are  beginning  to  figure  largely.  From  New 
Zealand  (which  has  taken  the  lead  in  the 
supply  of  frozen  meat)  we  receive  some  54,000 
cwt.  of  butter ; from  Australia  some  260,000 
cwt.,  besides  93,000  cwt.  of  cheese;  and  from 
Canada  40,000  cwt.,  besides  1,200,000  cwt.  of 
cheese. 

Other  items  of  export  from  the  colonies  are 
numerous,  the  chief  being  coal  (New  South 
Wales  and  Canada) ; fish,  fish  oils,  and  lobsters 
(Newfoundland,  Canada,  the  Cape,  and  Bar- 
badoes) ; copper  (the  Cape,  New  South  Wales, 
South  Australia,  Canada,  Newfoundland,  and 
Queensland) ; tea  (Ceylon)  ; coffee  (Ceylon, 
Jamaica,  and  Straits  Settlements)  ; fruit, 
(Trinidad,  Jamaica,  Tasmania,  Fiji,  Canada, 
and  British  Honduras)  ; cocoa  (Trinidad  and 
Grenada) ; and  horses  (Canada  and  New 
South  Wales).  Smaller  values  are  represented 
by  ostrich  feathers,  palm  oil  and  kernels,  cin- 
chona, logwood  and  plumbago,  &c.  Some  com- 
modities of  prime  importance  are,  we  are  told, 
as  yet  wanting  in  our  colonies,  for  but  little  iron 
or  quicksilver  is  produced  in  them,  although  both 
Canada  and  New  South  Wales  work  their  own 
iron  and  steel  to  a small  extent ; and  practically 
no  petroleum,  sulphur,  or  platinum  exist.  A 
large  field  of  nickel  has  however  been  recently 
discovered  in  Ontario,  and  Canada  now  ranks 
as  one  of  the  largest  sources  of  that  metal. 

To  pass  from  these  minor  sources  of  wealth 
to  the  production  of  the  more  precious  minerals, 
it  may  here  be  noted  that  the  grand  aggregate 
value  of  the  gold  production  of  the  world  from 
1851  to  1896  inclusive  {Statist)  is  estimated 
at  about  ;^i, 163, 100, 000,  or  approximately  in 
weight  300,000,000  ounces  of  gold.  The  total 
production  of  silver  for  the  same  period  has 


been,  by  weight,  3,282,600,000  ounces.  The 


chief  gold  producers  are  : — 

£ 


United  States 

. 417,980,000 

Victoria  

. 243,841,000 

New  .South  Wales 

. 43,400,000 

New  Zealand  

52,392,000 

Queensland 

39,189,000 

Tasmania 

4,417,000 

West  Australia  

. 4,100,000 

South  Australia 

1,983,000 

Transvaal 

42,331,000 

Indian  Mines  

5,911,000 

Taking  the  year  1896  only, 

we  learn  that  the 

production  of  the  world’s  gold  fields  was  in 
that  year  : — • 

£ 

United  States  

Australasia  

Transvaal  

8,604,000 

India  

1,245,000 

Russia  and  other  countries . . 

..  10,697,000 

or  an  average  of  about  ;((40,ooo,ooo,  against 
one  of  £21  ,J2)'^,ooo  fifteen  years  ago.* 

Amid  all  this  record  of  prosperity  in  the 
colonies  generally  (although  Australia  and 
others  have  not  been  free  from  difficulties  and 
financial  disasters)  the  West  Indies  alone 
appear  to  have  been  better  off  sixty  years  ago 
than  now.  Yet  although  individuals  have 
suffered,  and  some  of  the  islands  have  also 
suffered,  taken  by  themselves,  certain  in- 
creases in  population,  revenue,  and  trade  have 
taken  place  even  here.  The  recent  report  of  the 
West  Indian  Commission  has  placed  at  our  dis- 
posal a vast  array  of  facts  in  connection  with 
these  colonies,  whose  resources,  in  the  majority 
of  cases,  depend  mainly  at  present  upon  the 
maintenance  of  the  sugar  industry.  This  in- 
dustry has  suffered  considerable  depression 
during  the  past  fifteen  years  by  the  manufac- 
ture of  beet  sugar  on  the  continent  of  Europe, 

* The  whole  gold  product  of  the  British  Empire  now  reaches 
about  ;^io,ooo,ooo  sterling  annually,  or  nearly  one-third  of  the 
world’s  production.  This  is  contributed  mainly  by  Australia 
and  New  Zealand,  and  India,  but  the  Gold  Coast,  Canada, 
British  Guiana,  and  the  Cape  are  also  gold  producers.  Of 
the  other  principal  minerals,  the  Empire  yields  ;^3, 500,000 
sterling  of  silver;  copper,  _^i, 250,000;  tin,  ;^i, 500,000 ; iron, 
;^i,ooo,ooo;  coal,  ;^4, 500,000  ; and  precious  stones  and  other 
miscellaneous  minerals,  ;^5,ooo,ooo.  Including  the  United 
Kingdom  the  total  mineral  production  of  the  Empire  is 
valued  at  over  ,^100,000,000  sterling.  It  has  been  estimated 
that  the  Empire  also  possesses  one-fourth  of  the  world’s  stock 
of  cattle,  one-twelfth  of  its  stock  of  horses,  and  one-fourteenth 
of  its  stock  of  swine.  The  average  colonial  export  of  corn  is 
over  £5,000,000  sterling,  while  the  export  of  oxen,  sheep,  and 
dead  meat  exceeds  ,^4,000,000,  nearly  the  whole  from  Australia 
and  Canada.  Canadafurnishes  us  with  over  ^'3.000,000  sterling 
of  timber  annually,  and  the  Cape  from  ,^3,500,00010,^4,000,000 
worth  of  diamonds. 
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which,  has  rapidly  developed,  under  the  con- 
tinental system  of  giving  bounties  on  exported 
sugar,  and  of  protecting  home  manufactures  by 
a heavy  customs  duty.  Our  West  India  in- 
dustry is  said  to  be  almost  threatened  with 
extinction  unless  the  Imperial  Government  sees 
its  way  to  come  to  its  aid  in  some  shape  or 
form  ; as  to  which,  as  is  usual  in  this  country, 
there  are  a multitude  of  advisers  who  recom- 
mend many  different  recipes. 

The  few  facts  that  I have  thus  brought  to 
your  notice  will  show  you,  I venture  to  think, 
that  the  commerce  of  our  great  Colonial  Empire 
holds  a good  position  in  the  world,  and  that  we 
all  have  reason  to  feel  indebted  to  Her  Majesty’s 
Government,  as  represented  by  our  present 
Secretary  of  State  for  the  Colonies,  for  desiring 
to  make  closer  and  more  intimate  the  com- 
mercial and  other  relations  between  this  country 
and  her  great  colonial  possessions.  A judicious 
commencement  of  this  policy  has  already  been 
initiated  by  the  recent  desire  of  Canada  to  grant 
preferential  terms  to  the  mother  country,  and 
by  the  consequent  denunciation  by  our  Go- 
vernment of  certain  inconvenient  commercial 
treaties  with  Germany  and  Belgium  ; and  we 
may  hope,  perhaps,  that  this  may  be  followed 
by  a Commission  of  Inquiry  into  the  whole  sub- 
ject of  our  commercial  relations,  and  by  further 
assistance  from  our  self-governing  colonies, 
who  may  eventually  be  disposed  to  make  a 
preferential  arrangement  with  the  mother 
country  alone,  as  suggested  at  the  recent  Con- 
ferences, and  refrain  from  granting  such  pre- 
ference to  any  foreign  country;  inasmuch  as  in 
this  latter  case  the  arrangement  would  be 
controlled  by  the  “most  favoured  nation” 
clause  (inserted  in  many  treaties  between 
Her  Majesty  and  other  powers)  and  might 
therefore  be  useless  to  us,  as  necessitating 
the  concession  of  similar  terms  to  those 
countries. 

The  importance  of  this  question  may  be 
gathered  from  a recent  Blue-book,  which  has 
reference  to  the  competition  that  now  exists  in 
the  markets  of  the  world  between  British  and 
foreign  commodities.  While  we  need  not  be 
much  alarmed  at  the  information  which  has 
been  given  to  us  at  the  instance  of  the  Colonial- 
office,  yet  we  are  reminded  of  certain  unpalat- 
able truths  recently  summarised  by  one  of  our 
evening  journals  {St.  James's  Gazette),  which 
tells  us  that  Germany  is  pretty  well  known  as 
the  chief  bete  noir ; the  United  States  is 
another ; Belgium  is  a third  ; and  in  the  East 
Japan  is  waking  up  all  the  drones.  Germany 
is  reported  as  displacing  us  with  apparel  and 


slops  in  Sierra  Leone,  New  South  Wales,  I 
Victoria,  and  the  Straits  ; gunpowder  in  r 
Lagos ; beer  and  ale  in  British  Honduras, 
Trinidad,  the  Gold  Coast,  Sierra  Leone,  the 
Straits,  and  the  Cape  ; cement  in  the  eastern  I 
colonies  and  South  Australia  ; chemical  pro-  < 
ducts  in  New  South  Wales ; clocks  and  i 
watches  in  the  Straits  and  the  Cape  ; cotto-n  . 
manufactures  in  the  Bahamas,  the  Straits,  , 
Tasmania,  Sierra  Leone,  Malta,  and  Hong 
Kong ; furniture  in  Sierra  Leone  and  Lagos  ; 
glassware  in  the  Straits ; hardware  in  the 
Windwards,  Sierra  Leone,  Malta,  Lagos,  and  I 
the  Straits  ; tools  in  the  Gold  Coast,  Tasmania, 
and  Trinidad  ; iron  and  steel  in  the  Straits  ; , 
nails  in  New  South  Wales  and  Hong  Kong,  , 
wire  in  Victoria  and  West  Australia,  and  i 
yellow  metal  in  Hong  Kong  ; and  finally  with  i 
woollen  manufactures  in  the  Straits,  Cyprus,  , 
and  Tasmania.  The  United  States,  in  their 
turn,  are  displacing  us  with  gunpowder  in  i 
South  Australia  (a  rather  violent  ejection  > 
this  !) ; with  beer  in  Jamaica  ; cheap  clocks, 
and  watches  in  the  Leeward  Islands  and  South 
Australia ; cotton  manufactures  in  British 
Honduras  and  the  Windwards  ; furniture  in  i 
the  Cape  Colony  ; lamp  chimneys  in  Victoria  ; , 
hardware  in  the  Bahamas  ; implements  and  ! 
tools  in  Tasmania  and  Trinidad ; and  in  the 
Cape  with  wire  nails  and  plate  and  plated  I 
ware.  Belgium,  it  adds,  is  beating  us  with 
firearms  (“  cheap  and  showy”)  in  Ceylon,  the 
Straits,  Victoria,  and  South  Australia  ; with 
candles  in  Hong  Kong  and  New  South  Wales  ; ; 
glassware  in  the  Straits,  the  Cape,  New  South  I 
Wales,  and  Victoria  ; iron  and  steel  in  the  ] 
Straits,  and  nails  in  New  South  Wales  and  i 
Hong  Kong.  France  is  a successful  com- 
petitor against  us  with  cashmere  in  the  Wind- 
wards, haberdashery  at  Sierra  Leone,  and 
glassware  at  the  Cape.  Austria  beats  us  with  : 
her  lighter  and  cheaper  furniture  in  the  West 
India  colonies,  Ceylon  and  the  Cape,  and  with 
finer  woollen  manufactures  in  Cyprus.  It  j 
sounds  sad  to  read  that  there  are  particular  ’ 
classes  of  goods  in  which  the  foreigner  does  ; 
more  than  50  per  cent,  of  a trade  that  a few 
years  ago  was  admittedly  British.  Thus  the  | 
United  States  now  do  more  than  one-half  of  i 
the  entire  trade  in  carriages  and  waggons  with  ' 
the  Cape ; Germany  more  than  half  of  tlie 
Straits  trade  in  biscuits  and  bread  ; Germany  1 
in  the  last  decade  has  acquired  a moiety  of  the 
Hong  Kong  trade  in  yellow  metal ; the  United  j 
States  have  gained  10  per  cent,  of  Victoria’s  | 
custom  for  hammers  ; the  States  and  Germany  } 
supply  66  per  cent,  of  the  implements  required  1 ' 
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by  Tasmania ; and  Germany  supplies  nearly 
all  New  Zealand’s  musical  instruments. 

And  now  I must  close  this  Address,  with  many 
apologies  for  its  omissions  and  defects.  I can- 
not conclude,  however,  without  expressing  an 
■earnest  belief  that  the  loyalty,  the  industry,  and 
the  level-headedness  of  our  fellow  countrymen 
in  the  Greater  Britain  of  which  we  are  so 
proud,  will  inspire  all  of  us  at  home  with  a 
still  greater  appreciation  than  hitherto  of  the 
value  to  the  mother  country  of  her  Colonial  and 
Indian  Empire  ; and  that  a broad  and  liberal 
spirit  will  in  the  future  be  infused  into  the  de- 
liberations of  those  who  have  been  too  prone  in 
the  past  to  degrade  imperial  questions  to  a mere 
party  level.  May  I not  add  that  we  can,  with 
advantage,  look  forward  to  the  time  when  Mr. 
Chamberlain’s  dream  may  be  fulfilled  as  to  the 
formation  of  a great  Council  of  the  Empire,  to 
which  delegates  from  our  colonies  and  depen- 
dencies may  be  appointed — a Council  which 
shall  have  a real  and  effective  voice  in  the 
relations  between  the  mother  country  and  her 
great  colonial  possessions,  and  help  to  bind 
them  all  together  in  an  enduring  bond  of 
common  interests,  good  fellowship,  and  mate- 
rial succour  and  support.  In  the  words  of 
Aristophanes,  in  the  “ Lysistrata,”  as  trans- 
lated by  Mr.  Bickley  Rogers  : — 

“ Also  remember  the  cities,  our  Colonies, 

Outlying  States  in  the  East  and  West; 

Scattered  about  to  a distance  surrounding  us, 

These  are  our  shreds  and  our  fragments  of  wool  : 

There  to  one  mighty  political  aggregate 
Tenderly,  carefully,  gather  and  pull. 

Twining  them  all  in  one  thread  of  good  fellowship  ; 
Thence  a magnificent  bobbin  to  spin, 

W'eaving  a garment  of  comfort  and  dignity. 

Worthily  wrapping  a people  therein.” 

Before  delivering  his  Address  the  Chairman 
presented  the  Society’s  medals  which  have 
been  awarded  during  the  last  Session. 

For  papers  at  the  Ordinary  Meetings  : — • 

To  Bennett  H.  Brough,  Assoc. R.S.M.,  for 
his  paper  on  “ Mining  at  Great  Depths.” 

Mr.  Brough,  Secretary  to  the  Iron  and  Steel 
Institute,  and  a distinguished  expert  on  mining, 
is  well  known  to  the  Society  as  the  reader  in 
former  years  of  several  valuable  papers,  and 
also  as  a Cantor  lecturer  on  mine  surveying. 

To  THE  Right  Hon.  Horace  Plunkett,  M.P., 
for  his  paper  on  “ The  Recommendations  of  the 
Recess  Committee  for  the  Development  of  Ireland’s 
Industrial  Resources.” 

Mr.  Plunkett’s  labours  on  behalf  of  agricul- 
ture in  Ireland  are  w'ell  known,  and  the  Recess 
Committee,  which  owes  its  existence  to  him. 


gives  promise  of  rendering  valuable  assistance 
in  this  respect  to  that  country. 

To  Everard  R.  Calthrop,  for  his  paper  on  “ The 
Barsi  2 ft.  6 in.  gauge  Light  Railway.” 

The  Society  is  indebted  to  Mr.  Calthrop  for 
an  interesting  account  of  aremarkableengineer- 
ing  work  in  India,  carried  through  mainly  by 
his  own  determination  and  skill.  This  enter- 
prise promises  to  solve  economically  some 
important  questions  relating  to  railway  con- 
struction in  that  Empire. 

To  W.  B.  Esson,  M.Inst.C.E.,  for  his  paper  on 
“The  Transmission  of  Power  by  Alternating  Electric 
Currents.” 

Mr.  Esson  has  long  been  known  for  his 
devotion  to  the  science  of  electricity,  and  in 
this  paper  he  has  given  us  valuable  information 
on  a subject  of  the  greatest  importance  in  the 
economy  of  electrical  engineering. 

To  M.  J.  R.  DUN.STAN,  M.A.,  F.R.S.E.,  for  his 
paper  on  “ Dairy  Produce  and  Milk  Supply.” 

The  importance  of  a sufficient  dairy  supply 
obtained  from  our  own  country  is  patent  to  all, 
and  Mr.  Dunstan’s  suggestions  in  furtherance 
of  this  national  object  are  of  great  value. 

To  Robert  H.  Jones,  for  his  paper  on  “ Asbestos 
and  Asbestic.” 

Of  late  years  asbestos  has  come  so  largely 
into  industrial  use,  that  the  discovery  of  an  un- 
limited supply  of  a material  called  asbestic, 
with  similar  qualities,  cannot  fail  to  be  of  con- 
siderable value  from  a commercial  point  of 
view. 

To  Percy  F.  Frankland,  Ph.D.,  F.R.S.,  for  h’s 
paper  on  “ London  Water  Supply.” 

In  former  years.  Dr.  Percy  Frankland  has 
read  some  valuable  papers  and  delivered 
several  courses  of  Cantor  lectures  before  the 
Society.  This  paper,  on  a subject  to  which 
he  has  devoted  so  much  attention,  is  of  a 
reassuring  character  in  respect  to  the  con- 
dition of  the  London  Water  Supply. 

In  the  Indian  Section  : — • 

To  Sir  Charles  Alfred  Elliott,  K.C.S.I., 
for  his  paper  on  “ Measures  taken  by  Government  for 
the  Prevention  of  Famine  in  India.” 

We  are  indebted  to  Sir  Charles  Elliott,  late 
Lieutenant-Governor  of  Bengal,  who  is  well 
known  as  one  of  the  highest  authorities  on 
Famine  Administration  in  India,  for  a most 
valuable  statement  of  the  vast  preparations 
rendered  necessary  to  meet  this  national  dis- 
aster, and  of  the  lessons  to  be  learnt  from  past 
visitations. 
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To  Michael  Francis  O’Dwyer,  I.C.S.,  for  his 
paper  on  “ A Visit  to  Russian  Central  Asia.” 

Mr.  O’ Dwyer,  of  the  Indian  Civil  Service, 
whose  knowledge  of  the  Russian  language  and 
of  the  Russian  nation  is  considerable,  favoured 
us  with  a very  interesting  paper  on  this  im- 
portant part  of  the  world. 

To  Surgeon  - Major  Sir  George  Scott 
Robertson,  K.C.S.I.,  for  his  paper  on  “ Kafiristan  : 
its  Manners  and  Customs.” 

We  were  fortunate  in  hearing  from  Sir  George 
Robertson — so  specially  known  to  us  in  con- 
nection with  the  heroic  defence  of  Chitral — a 
full  account  of  one  of  the  most  curious  and 
interesting  districts  outside  our  north-west 
frontier  of  India. 

To  Captain  P.  Molesworth  Sykes,  for  his 
paper  on  “ Kennan  and  Persian  Baluchistan,  with 
special  reference  to  the  journeys  of  Alexander  the 
Great  and  Marco  Polo.” 

Captain  Sykes,  H.B.M.  Consul  at  Kerman, 
traced  the  steps  of  Alexander  the  Great  and  of 
Marco  Polo  in  these  desolate  regions,  by  which 
he  has  greatly  added  to  our  historical  know- 
ledge. 

In  the  Foreign  and  Colonial  Section  : — 

To  the  Right  Hon.  Sir  Charles  Dilke,  Bart., 
M.P.,  for  his  paper  on  “ The  Progress  of  the  British 
Colonial  Empire  during  the  Sixty  Years  of  Her 
Majesty’s  Reign.” 

Sir  Charles  Dilke,  one  of  the  first  to  draw 
attention  to  the  claims  of  Greater  Britain  to  the 
consideration  of  this  country,  gave  the  Society, 
with  which  he  has  so  long  been  connected,  a 
masterly  review  of  the  development  of  our 
Colonial  Empire  during  the  past  sixty  years. 

To  Joseph  G.  Colmer,  C.M.G.,  for  his  paper  on 
“ The  Progress  of  Canada  during  the  Sixty  Years  of 
Her  Majesty’s  Reign.” 

Mr.  Colmer,  Secretary  to  the  Dominion  of 
Canada  Agency,  whose  prize  essay  on  the 
Union  of  the  Colonies  has  received  such  high 
commendation,  gave  the  Society  a graphic  and 
valuable  account  of  the  growth  of  the  Dominion 
of  Canada. 

In  the  Applied  Art  Section 

To  W.  H.  St.  John  Hope,  M.A.,  for  his  paper 
on  “ The  Artistic  Treatment  ot  Heraldry.” 

Mr.  Hope  explained  to  us,  by  the  help  of  a 
beautiful  series  of  specimens  taken  from 
famous  buildings  erected  w’hen  heraldry  was  a 
living  art,  how  admirably  the  details  then  lent 
themselves  to  artistic  treatment,  and  how  they 
may  still  be  used  with  success. 


To  Matthew  Webb,  for  his  paper  on  “ Gesso.” 

We  obtained  from  Mr.  Webb  an  instructive 
demonstration  of  the  decorative  value  of  the 
beautiful  art  of  “ Gesso,”  besides  a useful 
account  of  the  materials  needed  and  the  mode 
of  their  application. 

To  Dr.  J.  W.  L.  Glashier,  D.Sc.,,  F.R.S.,  for  his 
paper  on  “ Delft  AVare.” 

Dr.  Glaisher,  the  distinguished  mathema- 
tician, who  is  also  a collector  of  examples  of 
the  interesting  Delft  pottery,  gave  us  the  benefit 
of  his  great  knowledge  of  the  subject  in  a valu- 
able monograph. 

[At  the  conclusion  of  the  address,  a series  of  lantern 
slides  of  colonial  sceneiy  was  exhibited.] 


Sir  Steuart  Colvin  Bayley,  K.C.S.I.,  C.I.E.,. 
proposed  a vote  of  thanks  to  the  Chainnan  for  his 
address,  which  was  one  which  he  felt  sure  must  have 
suited  all  tastes.  To  those  who  found  poetry  in  statistics 
and  in  the  careful  tabulation  of  figures,  it  would 
be  an  inexhaustible  well  of  delight,  whilst  those  who 
sought  for  simpler  pleasures,  and  took  their  poetry  in 
the  more  ordinary  form,  would  find  quotations  to  meet 
their  taste.  To  all  the  subject  was  one  of  immense 
interest,  and  it  had  been  dealt  with  in  a manner  which 
must  have  satisfied  eveiyone.  He  must  not  omit, 
also,  that  their  thanks  were  eminently  due  to  the 
Chairman  for  the  great  trouble  he  had  taken  in 
placing  before  them  the  interesting  views  with  which 
the  address  was  concluded. 

Sir  Owen  Roberts,  M.A.,  D.C.L.,  in  seconding 
the  vote  of  thanks,  said  this  address  had  been  a most 
inspiring  one  in  many  ways.  Not  only  was  the 
matter  most  excellent,  but  the  easy  manner  in  which 
it  had  been  delivered  gave  it  a great  additional  charm 
and  made  it  much  more  enjoyable. 

The  motion  having  been  put  by  Sir  Steuart 
Bayley  and  carried  unanimously. 

The  Chairman  said  he  had  to  thank  the  members 
for  the  kind  way  in  which  they  had  listened  to  him, 
as  well  as  for  the  vote  of  thanks  they  had  been  good 
enough  to  pass. 

The  meeting  then  adjourned. 


Miscellaneous. 


GER  MA  N COMMER  CE. 

The  Foreign  Office  has  communicated  to  the  Society 
the  report  of  Consul  Wilfred  Powell  on  the  Association 
for  the  Promotion  of  Foreign  Commercial  Relations 
with  Stettin,  from  which  the  following  extracts  are 
taken  : — 
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Much  has  been  said  and  written  in  Great  Britain  on 
the  superiority  of  the  German  technical  education  to 
that  of  Great  Britain,  and  to  this  has  been,  in  some 
measure,  attributed  the  success  which  has  attended 
German  commercial  enterprise  wuthin  the  last  25 
years.  That  the  technical  education  is  better  than 
that  of  England  is  denied  by  many  Germans  who 
are  competent  to  give  an  opinion,  having  studied 
the  subject  in  both  lands,  but  what  they  do  admit  is 
that  the  application  of  this  education  in  Germany 
is  carried  out  to  a more  practical  and  useful  con- 
clusion than  in  England. 

Thus,  in  Great  Britain  there  are  numerous  public 
and  private  schools  having  a modern  side  to  their 
curriculum,  which  is  an  excellent  adaptation  of  what 
is  termed  in  Germany  the  “ Real  Gymnasium  ” ; but 
in  how  many  English  schools  is  this  modern  side 
looked  down  upon  by  the  head  or  high  master,  and 
consequently  by  the  boys  themselves,  and  the  classic 
side  held  up  as  the  education  which  befits  a gentle- 
lemon  ? Again,  how  many  British  boys  on  leaving 
school  or  the  universities  to  face  life  in  a business 
which  is  world-wide,  can  speak  with  fluency  or  even 
tolerably,  any  language  other  than  their  own.  ? 

Will  the  day  ever  come  Avhen  educational  estab- 
lishments in  Great  Britain  will  be  able  to  exchange 
pupils  with  equally  respectable  establishments  on  the 
Continent.?  Eorit  is  admitted  on  all  hands  that  a 
language  can  only  be  learned  to  perfection  in  its  owm 
country  ; and  in  time  ot  youth,  as  much  can  be  learned 
in  one  year,  as  can  be  attained  in  three  at  a maturer 
age. 

On  the  conclusion  of  the  Franco-German  war,  a 
few  leading  merchants  in  Stettin,  assisted  by  men  of 
means,  met  to  consider  what  steps  could  be  taken  to 
extend  and  improve  the  trade  of  Stettin  with  distant 
countries  ; for  Stettin  commerce  up  to  that  time  had 
been  for  the  most  part  confined  to  countries  touched 
by  the  Baltic. 

The  first  meeting  of  the  Association  was  held  in 
December,  1871,  and  at  that  meeting  was  established 
the  “ Verein  zur  Forderung  iiberseeischer  Handels- 
beziehungen.” 

It  was  decided  that  the  best  and  most  efficacious 
means  of  increasing  Stettin’s  trade  would  be  : — 

1.  The  better  education  of  clerks  and  young  men 
who  had  taken  up  commercial  business  as  a profession. 
For  this  purpose  evening  classes  were  to  be  instituted, 
and  those  who  attended  were  to  be  instructed  in  all 
branches  of  commercial  education  : geography  and 
science,  also  foreign  languages,  especially  English, 
Spanish,  and  French.  For  private  study  a library  was 
to  be  provided. 

2.  The  sending  to  the  British  colonies,  America, 
and  other  parts  of  the  world,  well-qualified  clerks  to 
improve  their  knowledge  of  business,  and  to  work,  at 
their  place  of  destination,  in  the  interests  of  Stettin 
trade.  To  carry  this  into  effect,  each  young  man  so 
sent  should  receive  a stipend  not  to  exceed  the 
amount  of  1,500  marks,  or  about  fo  cover  the 
expenses  of  travelling  to  and  living  for  three  months  | 


in  the  country  or  place  to  w'hichhe  desires  to  go,  and 
has  proved  his  fitness  to  proceed. 

In  most  cases  a letter  is  addressed  to  the  Imperial 
Consul  at  the  place  or  country  to  which  the  young 
man  has  departed,  he  also  carrying  a letter  of  intro- 
duction to  the  Consnl,  which  he  shall  present  with  as 
little  delay  as  j)ossible  on  his  arrival,  thus  being  placed 
under  the  supervision  of  a recognised  authority,  who 
can  advise  and  assist  him  in  his  career. 

The  Association  began  w’ork  in  1872  with  great 
energy,  comjietent  masters  were  obtained  for  the 
English,  Spanish,  and  French  languages,  as  well  as 
teachers  in  commercial  subjects,  and  ver)' considerable 
progress  was  made  during  the  first  year.  Two  gentle- 
men, both  of  whom  were  experts  in  foreign  com- 
mercial knowledge,  and  one  of  whom  was  himself  a 
great  traveller,  placed  their  experience  and  knowledge 
at  the  service  of  the  candidates,  and  the  Association 
grew  to  become  a most  useful  institution. 

Meetings  are  held  in  the  evenings  several  times  a 
month  during  the  winter  season,  and  the  candidates 
are  called  upon  to  make  lectures  and  reports  upon 
every  variety  of  commercial  subject.  I give  a short 
lists  of  some  few  of  the  subjects  dealt  with. 

Morocco,  sugar  manufacture  iu  Germany,  German 
and  American  life,  insurance  companies,  facilitation  of 
the  corn  trade,  the  Mediterranean,  Hong-Kong,  the 
use  of  shorthand  writing,  voyage  to  San  Francisco, 
iron  trade,  chinine,  coal,  Cameroons,  New  South 
Wales,  Argentine,  wool-growing,  Sumatra,  rights  and 
duties  of  clerks,  Transvaal,  the  Jesuit  ^Mission  in 
Paraguay,  herrings,  the  .Straits  Settlements,  tobacco. 
Brazils,  Rio  de  Janeiro,  do  sailing  vessels  pay,  jour- 
neys in  Norway,  England’s  advance  in  India,  life  and 
tobacco-growing  at  Sumatra,  colonisation  in  sub- 
tropical countries,  the  opening  of  the  North  Pacific 
Railway,  journey  to  Lagos,  coffee  plantation  at  Princes 
Island,  Journey  to  Cape  de  Verd  Islands,  and  very 
many  others  on  equally  various  and  useful  subjects. 

One  of  the  principal  duties  of  the  young  men  sent 
abroad  is  to  forward  regular  reports,  if  possible,  once 
a month,  or  at  the  least,  once  every  three  months,  in 
which  they  are  desired  to  give  a full  account  of  wha*^ 
they  have  seen  and  done,  and  to  give  particulars  of 
the  commercial  prospects  and  possible  relations 
between  their  place  of  abode  and  Stettin.  The  most 
important  points  to  which  their  attention  is  called,  in 
making  these  reports,  is  to  give  details  and  particulars 
of  the  legislation,  production,  and  consumption,  as  to- 
prices  of  merchandise  imported  and  exported,  anti 
also  to  give  their  views  as  to  the  means  by  which 
Stettin  may  be  brought  into  commercial  connection 
with  the  place  on  which  they  are  reporting,  or  if 
there  is  already  business  connection,  how  this  may  be 
extended  and  improved. 

These  reports,  which  must  be  addressed  to  the 
“Vorstand”  (Board  of  Direction),  are  read  at  the 
meetings,  and  are  subjected  to  criticism  and  discussion. 
If  they  are  considered  of  value  they  are  printed  with 
the  annual  report  which  is  distributed  to  all  sub- 
scribers. 
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I have  seen  many  of  these  reports  and  some  are 
excellent,  showing  that  the  writers  noted  with  care 
and  judgment  the  prospects  of  trade,  and  making 
frequent  useful  suggestions  for  the  improvement  of 
-Stettin’s  trade  relations,  by  which  business  men 
could  not  fail  to  profit.  One  clever  report  was  on 
the  trade  with  Jnhannesburg,  dated  1895-96,  ad^ising 
.Stettin  business  men,  amongst  other  matters,  to 
import  cyankalium  for  clarifying  gold,  cloth  and  ready- 
inade  clothing,  stating  that  the  latter  trade  has  hitherto 
been  entirely  in  the  hands  of  English  firms,  and  showing 
bow  Stettin  should  be  able  to  compete  successfully 
with  British  exporters  in  cloth,  &c.,  but  adds,  without 
giving  a reason,  that  “ an  attempt  to  introduce  Ger- 
jnan  spirits  would  not  be  successful.”  The  same  report 
also  recommends  German  farm  labourers  and  artisans 
to  come  over,  as  they  are  sure  to  find  ample  employ- 
-inent,  but  cautions  clerks  against  immigration,  as 
large  numbers  are  there  at  the  present  time  without 
.occupation  and  glad  of  employment  as  waiters. 

Besides  instruction  in  foreign  languages  (English, 
T'rench,  Spanish,  and  in  some  cases  Portuguese) 
and  being  assisted  to  improvement  in  commercial 
bnowledge,  the  candidates  hear  lectures  and  readings 
on  all  articles  capable  of  export,  of  which  they  are  ex- 
j)ected  to  take  notes.  There  is  also  an  excellent 
library  which  is  placed  entirely  at  their  disposal. 

There  can  be  no  doubt  that  the  large  majority  of 
those  who  have  become  members  of  this  institution 
have  turned  out  very  well,  and  have  not  failed  to 
.remember  the  Association  to  wbich  they  owe  their 
.early  commercial  impulse.  Several  have  shown  this  by 
substantial  recognition,  others  by  grateful  letters  re- 
ceived, and  there  can  be  no  question  that  Stettin  trade 
bas  been  largely  benefited  by  this  system  of  emigration. 

The  following  are  some  of  the  regulations  in  respect 
ito  the  gi'ants  of  money  for  travelling  : — 

Eveiy  member  of  the  Association  is  entitled  to 
.apply  for  a travelling  grant. 

The  applicant  must  prove  himself  to  be  possessed  of 
.sufficient  knowledge  of  the  French  and  English  langu- 
ages, as  well  as  being  well  grounded  in  the  business 
-language  of  the  country  to  which  he  is  going  (chiefly 
•Spanish  and  Portuguese).  His  application,  in  which 
be  states  the  amount  required,  mmst  be  supported  by 
a written  or  verbal  recommendation  from  the  head  of 
the  firm  in  which  he  has  hitherto  been  working,  to- 
.Ijether  with  the  report  of  the  examinations  which  he 
bas  passed. 

The  grant  to  be  advanced  shall,  as  a rule,  be  only 
.sufficient  to  cover  travelling  expenses,  and  such  as  are 
necessary  for  a stay  of  three  months  in  the  place  to 
which  the  applicant  is  proceeding.  The  total,  how- 
ever, must  not  exceed  1,500  marks  (about  ;,f^75),  unless 
.a  larger  grant  shall  be  allowed  at  a general  meeting 
on  the  proposal  of  the  board  of  direction. 

Should  the  member  so  travelling  obtain  a situation 
before  the  expiration  of  the  three  months,  and  have  a 
portion  of  the  grant  unexpended,  he  will  be  expected 
•to  refund  the  amount  left.  The  board  is  not  in  any 
way  bound  to  grant  any  member  a second  sum. 


Those  members  who  receive  a grant,  give  a solemn 
promise,  accompanied  by  grasping  the  hand  of  the 
president,  that  they  will  conduct  themselves  as 
worthy  of  the  confidence  and  trust  placed  in  them  by 
the  Association,  and  that  they  will  make  ever)'  effort 
to  obtain  as  much  infonnation  and  knowledge  as 
possible,  to  be  employed  and  utilised  to  the  benefit 
of  the  Stettin  trade.  They  likewise  promise  to 
send  once  a month,  if  possible,  but  certainly  once  in 
three  months  a report  to  the  board  of  direction  on 
their  experiences  and  impressions  of  the  country  to 
which  they  have  proceeded,  but  especially  to  report 
upon  the  commercial  aspect  of  affairs  principally  under 
the  headings  of  consumption,  imports,  exports, 
climate,  legislation,  duties,  prices,  and  to  suggest  any 
means  by  which  their  place  of  resort  may  be  brought 
into  business  relations  with  Stettin,  or  if  already  in 
connection  with  Stettin,  how  such  trade  as  exists  may 
be  improved  and  extended.  These  reports  must  be 
read  at  the  general  meetings  of  the  Association,  and 
shall  be  subjected  to  discussion.  They  may  also  be 
printed  in  the  proceedings  of  the  Association  if  con- 
sidered of  sufficient  value. 

It  will  be  held  as  a matter  of  honour  that  those  men 
w’ho,  having  received  a gi'ant,  have  found  a good  situa- 
tion abroad,  and  are  in  a position  to  repay  the  grant, 
should  do  so.  These  repayments  shall  be  added  to 
the  capital  of  the  Association,  from  the  interest  of 
w'hich  further  grants  can  be  made  to  others.  There 
is  no  obligation  under  law  to  repay  the  grants. 

In  concluding  these  remarks  upon  what  appears  to 
me  a most  excellent  and  valuable  institution,  I think 
that  something  of  a similar  nature  might  prove  of  value 
in  the  education  of  British  clerks  and  young  men  who 
are  willing  to  become  commercial  travellers  ; indeed  it 
should  prove  most  useful  to  any  young  fellow’,  wffio, 
without  the  necessary  means  of  his  own,  could  by 
application  obtain  assistance  from  such  an  Association 
in  Great  Britain,  and  it  also  appears  to  me  that  there 
is  even  room  for  some  extension  and  improvement  on 
the  Stettin  method  ; this  might  be  brought  about  by 
a society  of  merchants  in  Great  Britain. 

At  all  events  any  suggestion  or  information  which 
may  tend  to  the  improvement  of  our  trade  abroad 
(from  w’hich  the  foreign  middleman  is,  at  present,  a 
very  considerable  gainer)  even  of  an  indirect  nature, 
should  not  be  w’ithout  its  value. 


MEMORIAL  TABLETS. 

The  current  number  of  the  Acadeiny  contains  an  \ 
article  on  the  memorial  tablets  of  the  Society  of  Arts, 
from  which  the  foUowdng  paragi-aphs  are  taken  ; — j 
A tablet  has  just  been  placed  on  the  house  at  i 

Hampstead  in  which  Sir  Harry  Vane  lived,  and  in  < 

W’hich  it  is  believed  Bishop  Butler  wrote  portions  of  | 
his  “Analogy  of  Religion.”  The  circumstance  is 
interesting,'  for  from  this  house  Sir  Harry  Vane  I 
— name  beloved  of  every  school-boy — was  carried  to  11 
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the  Tower  to  be  beheaded  by  order  of  Charles  II.  ; and 
it  is  probable  that  under  the  roof  of  Vane-house,  as 
the  place  was  called  (it  is  now  “ Belmont  Crom- 
well, Pym,  Ireton,  and  Fairfax  discussed  ways  and 
means;  even  Milton  may  have  walked  under  the 
trees  of  its  once  noble  grounds.  But  what  of  the 
series  of  tablets  to  which  this  Hampstead  one  has 
been  added  } 

Thirty  tablets  may  not  seem  much  to  show  for 
thirty  years’  work.  It  is  thirty  years  since  the  Society 
of  Arts  fixed  its  first  Minton  slab  to  Byron’s  house  in 
Holles-street.  One  year,  one  tablet — this  has  been 
the  average  rate  of  progress.  It  seems  slow ; in 
reality,  it  is  reasonable.  The  erection  of  these  tablets 
is  no  more  than  an  “ odd  job  ” in  the  work  of  the 
Society  of  Arts,  yet  the  Society  has  not  at  any  time 
flagged  in  its  attention  to  this  department.  It  has 
had  to  take  rebuffs,  and  to  abandon  hopes,  but  it  is 
always  considering  new  proposals,  and  striving  to 
bring  them  to  successful  issues.  The  difficulties  of 
the  work  fully  explain  its  slow  movement,  and  are 
themselves  interesting.  In  the  first  place,  the  number 
of  London  houses  worthy  to  receive  tablets  is  small. 
Scores  of  once  eligible  houses  have  clean  disappeared, 
have  not  even  left  successors  on  their  sites  ; these  do 
not  count.  Then  owing  to  the  pranks  that  have  been 
played  with  street  names  nd  anumbers  the  difficulties 
of  identification  are  immense. 

A case  is  mentioned  by  the  late  Thomas  Crofton 
Croker  in  a little  book  (notable  for  its  beautiful  thumb- 
nail woodcuts)  called  “A  Walk  from  London  to 
Fulham.”  Writing  in  i860,  Mr.  Croker  identified  the 
house  (No.  14,  Queen’s-buildings,  Knightsbridge)  as 
the  residence  of  Mr.  J.  C.  Nattes,  an  artist  who  is  now 
forgotten.  He  was  one  of  the  sixteen  artists  who 
associated  themselves  together  in  1805  to  form  the 
first  exhibition  of  water-colours  held  in  this  country. 
Mr.  Crofton  had  a hard  task  to  identify  the  house ; 
and  well  he  might,  for  he  tells  us  : — 

“From  1792  to  1727  this  house  was  described  as 
No.  14,  Queen's  Buildings,  Knightsbridge ; but  in 
the  latter  year  the  address  was  changed  to  No.  14, 
Knightsbridge  Green.  In  1800  it  was  known  as 
No.  14,  Knightsbridge,  and  in  1803  as  No.  14, 
Queen's  Row,  Knightsbridge.  In  1810  as  Gloucester 
Buildings,  Brompton.  In  1811  as  Queen' s Buildings. 
In  1828  as  Gloucester  Row.  In  1831  as  Gloucester 
Buildings,  and  it  has  now  reverted  to  its  original 
name  of  Queen's  Buildings,  Knight sbj-idge  . . . 

if,  indeed  the  original  name  was  not  Queen's  Row, 
Knightsbridge,  as  this,  in  1772,  was  the  address  of 
William  Wynne  Ryland  (the  engraver  who  was 
hanged  for  forgery  in  1783).” 

Need  more  be  said  on  the  difficulty  of  identifying  the 
residence  of  a genius  in  London  } 

A second  set  of  difficulties  which  the  Society  of 
Arts  has  to  meet  are  those  connected  with  obtaining 
permission  to  place  a tablet  on  a house  at  all.  It 
must  not  be  supposed  that  landlords  or  tenants  are 
always  eager  to  have  a house  honoured  above  its 


fellows.  Only  one  of  Dickens’s  residences  is  marked 
with  a tablet,  and  this,  unfortunately,  is  the  doomed 
Furnival’s-inn.  Permission  to  mark  the  houses  he 
inhabited  in  Doughty-street,  Devonshire-terrace,  and 
Tavistock-street  was  sought  in  vain ; and  so  you  walk 
down  Doughty-street  trying  to  remember  the  number 
of  the  house  in  which  “ Oliver  Twist”  was  written  ; 
and  American  visitors  beat  about  the  comer  of 
Devonshire-terrace  with  interrogation  in  their  move- 
ments, wishing  to  make  sure  that  they  see  the  house 
whence  “David  Copperfield  ” and  the  “Christmas 
Carol  ” went  forth.  It  may  be  allowed  that  it  is 
enough  if  one  of  Dickens’s  residences  l)e  marked  ; 
and,  therefore,  we  hope  that  when  h'urnival’s-inn — 
where  “Pickwick”  was  written — has  disappeared,  some 
heart  will  relent,  and  a tablet  be  placed  on  one  or 
another  of  the  remaining  homes  of  “ Boz.” 

One  feels  a little  bitterly  the  refusal  of  the  Benchers 
of  the  Middle  Temple  to  allow  a tablet  to  be  placed 
on  Goldsmith’s  lodging  at  No.  2,  Brick-court,  where 
in  his  fitful  gleams  of  prosperity  he  aped  the  hos- 
pitality of  Reynolds  and  the  grace  of  Beauclerk ; 
where,  too,  he  read  She  Stoops  to  Conquer  to  its  first 
audience,  the  two  beautiful  Miss  Homecks.  The 
Benchers’  refusal  is  the  more  strange  because  the 
tablet  would  have  perpetuated  the  memor)'  of  Sir 
William  Blackstone  who  lodged  in  the  same  building. 
But,  then.  Goldsmith’s  receptions  disturbed  the  great 
lawyer ; and  perhaps  the  Benchers  have  not  forgiven 
Nolly.  The  Temple  is  not  the  only  Inn  of  Law 
which  has  excluded  the  tablets.  Gray’s  Inn  has  been 
equally  cold  in  the  matter,  though,  if  it  chose,  it 
might  adorn  its  walks  with  tablets  to  the  memories 
of  Francis  Bacon,  Samuel  Butler,  Lord  Macaulay, 
and  other  men  of  note. 


THE  PRODUCTION  OF  SPARKLING 
WINES  IN  GERMANY. 

The  making  of  sparkling  wine  in  Germany  has 
lately  been  brought  to  such  perfection  that  German 
wines  of  all  brands,  from  the  most  inferior  to  the 
finest  sorts,  now  rank  nearly  equally  with  French 
champagne,  added  to  which  the  price  of  the  German 
product  is  considerably  lower  than  that  of  the  French. 
The  value  of  the  exports  of  sparkling  wine  frem 
Geimany  in  the  eleven  months  ended  November, 
1896,  amounted  to  ;^ioo,ooo,  as  compared  with 
;^95,ooo  for  the  whole  of  the  year  1895.  The 
export  is  chiefly  to  England,  America,  and  Belgium. 
The  British  Vice-Consul  at  Cologne  says  that  the 
belief,  formerly  very  prevalent,  that  French  champagne 
grew  in  the  Champagne  and  was  thus  a natural 
product,  whereas  German  sparkling  wine  was  only  an 
artificial  one,  may  now  be  considered  as  set  aside. 
Both  descriptions  owe  their  origin  to  art,  and  both 
are  produced  according  to  one  method,  the  French 
method  of  manufacture  having  been  adopted  iu 
Germany.  This  was  rendered  all  the  easier  owing  to 
1 the  fact  of  the  largest  champagnebusinesscsinFrar.ee 
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being  partly  in  the  hands  of  Germans  (Roederer, 
Mumm,  Heidsieck,  &c.),  and  being  partly  managed  by 
Gel-mans,  which  is  still  the  case.  In  the  manufacture 
of  sparkling  wine  all  sorts  of  grapes  can  be  used, 
but  the  early  and  late  Burgundy  and  Kllebroth 
are  chiefly  used  as  being  the  best  adapted 
thereto.  They  require,  however,  to  be  pressed 
immediately  upon  being  gathered,  in  order  that  the 
colouring  matter  may  remain  in  the  skins.  After 
pressing,  the  must  is  put  into  casks,  where  it  remains 
until  fermented.  Then  a cuvee  is  formed,  which 
means  that  different  wines  are  mixed  together  in 
order  to  obtain  a larger  number  of  bottles  of  one 
class.  Now  comes  the  filling  of  the  bottles,  each 
bottle  receiving  the  addition  of  a certain  amount  of 
sugar,  in  order  to  produce  within  the  bottle  itself  a 
second  fermentation,  developing  carbonic  acid  and 
alcohol.  The  bottles  are  placed  in  the  cellar  in  such 
a position  that  the  sediment  forms  at  the  bottom. 
When  this  is  effected,  which  requires  several 
years,  then  the  position  is  again  altered  in 
such  a manner  that  the  sediment  leaves  the 
bottom  and  forms  on  the  cork,  for  which  frequent 
shaking  of  the  bottles  is  necessary.  When  the  sedi- 
ment adheres  to  the  cork,  then  follows  the  concluding 
process  of  the  wine,  at  which  each  workman  has  his 
special  task.  The  degorgeur  uncorks  the  bottles  by 
which  the  carbonic  acid  carries  off  the  sediment ; the 
opereur  measures  the  dose,  which  means  giving  to 
each  bottle  the  fixed  addition  of  liqueur;  the  recouleur 
fills  up  the  bottles  with  wine  of  the  same  sort ; the 
ioucheur  recorks  ; the  Jiceleur  ties  the  cork  down 
with  pack  thread ; and  the  jiceleur  au  fil  de  fer 
fastens  on  the  wire.  Each  operation  in  the  preparation 
of  sparkling  wine  demands  peculiar  dexterity,  for 
which  reason,  in  large  factories,  the  hands  are 
specially  trained.  A chief  point  in  the  making  of 
sparkling  wine  is  the  preparation  of  the  liqueur,  the 
characteristic  properties  of  the  wine  depending  upon 
it.  Each  sort  requires  a special  composition,  the 
taste  of  the  consumers  and  the  price  of  the  wine  de- 
ciding the  point.  The  preparation  of  the  liqueur  itself 
is  the  secret  of  the  manufacturers. 


General  Notes. 

^ 

Preservation  of  Eresh  Grapes. — A recent  bul- 
letin of  the  School  of  Agriculture  of  Scandicci,  Italy, 
describes  experiments  made  by  Professor  March!  for 
the  keeping  of  grapes  fresh  during  the  winter.  A 
certain  quantity  of  grapes,  comprising  different  quali- 
ties, was  hung  up  in  a cool  and  dry  place,  all  damaged 
berries  having  been  previously  removed,  and  a second 
lot  was  packed  in  dry  pulverized  peat  in  wooden 
boxes.  At  the  end  of  four  months  the  grapes  that 
had  been  hung  up  had  become  decayed,  and  had 
dropped  off ; on  the  other  hand,  those  that  were 


packed  in  the  boxes  were  found  to  be  in  an  excellent 
condition.  This  is  therefore  a simple  and  economical 
method.  Another  one  consists  in  gathering  the 
bunches  with  soifie  of  the  stem  attached,  and  im- 
mersing their  tips  in  bottles  containing  water  and 
pulverized  charcoal.  Experiments  were  also  made 
for  presersing  seed  potatoes  by  using  com  chucks, 
sawdust,  peat,  and  very  dry  sand.  The  three  first- 
named  gave  the  best  results,  while  the  sand  proved  a 
failure. 


MEETINGS  EOR  THE  ENSUING  IJEEN. 

Monday,  Nov.  22..  Imperial  Inst.,  South  Kensington,  81  p.m. 

Mr.  Eric  Bruer,  “Electric  Balloon  Signalling 
applied  to  Scientific  E.xploration  in  Arctic  ami 
Antarctic  Expeditions.” 

Surv'eyors,  Savoy-street,  W.C.,  8 p.m.  Mr.  J.  D. 
Wallis,  •*  The  Manchester  Ship  Canal  Compensa- 
tion Cases.” 

Geographical,  University  of  London,  Burlington - 
gardens,  W.,  p.m.  Dr.  Sven  Hedin,  •*  Four 
Years’  Exploration  in  Central  Asia.” 

Medical,  ii,  Chandos-street,  W.,  8J  p.m. 

Sonitar^’  Institute,  74A,  Margaret- street,  W.,  8 p.m. 
Mr.  Charles  Mason,  “ Scavenging  and  the  Dis- 
posal of  Refuse.” 

London  Institution,  Finsburj'-circus,  E.C.,  5 p.m. 
Mr.  Arnold  Mitchell,  “Peterborough  Cathedral 
and  its  Restoration.” 

Tuesday,  Nov.  23. ..Medical  and  Chirurgical,  20,  Hanover- 
square,  W.,  8J  p.m. 

Civil  Engineers,  25,  Great  George- street,  .S.W., 
8 p.m  , Mr.  W.  S.  Greslee,  C.E.,  “ Central  Station 
Electric  Coal  Mining  Plant  in  Penns3-lvania.” 

Photographic,  12,  Hanover-square,  W.,  8 p.m.,  Mr. 
Erit  Stuart  Bruce,  (i.)  “Photographs  of  the 
Optical  Projections  in  Space  produced  b>’  the 
Aerial  Graphoscope.”  (ii.)  “ Probable  Projection 
Lightning  Flashes,  Illustrated  by  Experiments  and 
Photographs.” 

Anthropological,  3,  Hanover-square,  W.,  8^  p.m. 

Wednesday,  Nov.  24... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Prof.  James  Douglas, 
“ The  Progress  of  iletallurgy  and  Metal  Mining 
during  the  last  Half  Century.” 

British  Astronomical,  University  College,  W C., 
5 p m. 

Thursday,  Nov.  25..,Ro>-al  Burlington -house,  W.,  45  p.m. 

Antiquaries,  Burlington-house,  W.,  8|  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  6 p.m., 
Mr.  Frederick  Villiers,  “With  Greek  and  Turk 
during  the  Recent  War.” 

Sanitary  Institute.  74A,  Margaret- street,  W.,  8 p.m. 
Professor  Henrj-  Robinson,  “Sewerage and  Sewage 
Disposal.” 

Electrical  Engineers,  25,  Great  George- street,  S.W., 
8 p.m.  Renewed  discussion  on  Mr.  L.  Epetan’s 
paper,  “Accumulator  Traction  on  Rails  and 
Ordinary  Roads.” 

Friday,  Nov.  26. ..Clinical,  20,  Hanover-square,  W.,  8J  p.m. 

Physical,  Chemical  Societj-’s  Rooms,  Burlington- 
house,  W.,  5 p.m. 

Saturday,  Nov.  27. ..Botanic,  Inner  Circle,  Regent’s-park, 
N.W.,  3I  p.m. 
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N o t i e e s . 


INTERNA  TIONA  L CONGRESS  ON 
TECHNICAL  EDUCATION. 

The  Report  of  the  Proceedings  of  the  Inter- 
national Congress  on  Technical  Education, 
held  at  the  Society  of  Arts  in  June  last,  has 
now  been  published — price  3s.  6d.,  by  post 
3s.  lod.,  and  can  be  obtained  on  application  to 
the  Secretary",  Society  of  Arts,  John-street, 
Adelphi,  London,  W.C.  The  volume  consists 
of  307  pages,  and  contains  a report  of  all  the 
papers  read  and  the  discussions,  with  appen- 
■dixes  giving  lists  of  officials,  delegates,  and 
-others  taking  part  in  the  Congress. 


Proceedings  of  the  Society. 

♦ 

SECOND  ORDINARY  MEETING. 

Wednesday,  November  24,  1897;  Professor 
A.  K.  Huntington  in  the  chair. 

The  following  cadidates  were  proposed  for 
election  as  members  of  the  Society:  — 

Davies,  W.  J.,  Tupsley-lodge,  Hereford. 

Gandil,  Viggo,  care  of  Messrs.  Bewicke  and  Wulffson, 
Vancouver,  British  Columbia. 

]Maitland,  Major-Gen.  Pelham  James,  C.B.,  United 
Service  Club,  Simla,  India. 

-Sutherland,  Sir  Thomas,  G.C.M.G.,  LL.D.,  M.P., 
4,  Buckingham-gate,  S.AV. 

AVebster,  John  J.,  39,  Victoria-street,  S.AAC 
AVells,  Hemy  Hallifax,  16,  Paternoster-row,  E.C. 
AVelis,  AVilham  James,  Beechurst,  Kingswood,  Rei- 
gate,  Surrey. 

AVilson,  John  AAhlliam,  Drewton  Stray,  South  Cave, 
A'orkshire. 

The  paper  read  was — 

THE  PROGRESS  OF  METALLURGY  AND 
AIETAL  AIINING  IN  AMERICA  DURING 
THE  LAST  HALF-CENTURY. 

By  James  Douglas. 

The  commencement  of  her  Majesty’s  reign 
is  a fitting  epoch  from  which  to  date  the  pro- 
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gress  of  any  of  the  industrial  arts  on  both 
Continents,  for  it  virtually  coincides  with  the 
commencement  of  railroad  building.  It  was 
in  1829  that  the  Idverpool  and  Manchester 
railroad  called  for  that  competitive  test  which 
produced  Stephenson’s  “Rocket,”  the  first 
locomotive  of  the  modern  type ; and  it  was 
within  the  same  decade  which  saw  her  Majesty 
ascend  the  throne,  that  the  Stephensons  shipped 
to  the  United  States  the  locomotive  “ Stour- 
bridge.” The  Baltimore  and  Ohio  railroad 
was  opened  for  travel  from  Baltimore  to  Elli- 
cott,  thirteen  miles,  on  the  24th  May,  1830  ; 
and  the  Mohawk  and  Hudson  River  railroad, 
the  first  section  of  the  present  consolidation 
known  as  the  New  York  Central  and  Hudson 
River,  was  opened  for  traffic  on  the  I2lh 
September,  1831.  The  progress  of  modern 
mining  and  metallurgy  and  of  railroad  building 
have  everywhere  followed  parallel  lines,  but  no- 
where more  accurately  than  in  North  America, 
where  the  immense  distances  to  be  spanned 
between  the  points  of  production  and  the 
centres  of  consumption,  and  even  between  the 
ores  and  the  fuel,  could  only  have  been 
traversed  by  steam  transportation. 

Mexico. 

If  we  travel  northwards  in  our  retrospect, 
Mexico  first  claims  our  attention.  The  third 
decade  of  our  century  was  not  distinguished  by 
any  notable  industrial  event  in  Mexico.  It 
was  not  till  much  later  that  the  first  railroad 
connecting  Vera  Cruz  with  the  capital,  was 
built  with  English  money.  The  Republic  was 
still  in  the  throes  of  that  transitional  revolu- 
tionary period  which  intervened  between  the 
overthrow  of  the  Spanish  colonial  rule  and  the 
establishment  of  the  stable  Republican  Govern- 
ment which  now  exists.  As  transportation  was 
costly,  the  precious  metal  ores  were  the  only 
ones  extensively  mined,  and  they  could  be 
extracted  only  by  methods  involving  a con- 
sumption of  little  or  no  fuel.  Reliable  annual 
statistics  are  not  available  for  the  first  half  of 
the  century.  The  average  annual  amount 
recovered  is,  however,  generally  placed  at 
12,000,000  ounces  of  silver  and  1,000,000  of 
gold.  Chevalier  and  Duport  put  the  Mexican 
yield  of  silver  in  1840  at  1,650,000  lbs.  troy 
(AVhitney,  p.  183).  The  gold  production  was 
certainly  not  much  in  excess  of  1,000,000  dols. 
AVell  nigh  all  this  came  from  ores  which  would 
give  up  their  metal  to  the  fafio  process,  as  it 
required  neither  fuel  nor  steam  power  for  its 
successful  operation.  AAffiere  lead  ores  were 
smelted,  this  operation  was  effected  in  small 
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adobe  furnaces,  either  for  the  recovery  of  the 
associated  silver  ore  or  the  collection  of  silver 
from  refractory  ore.  The  bullion  was  always 
cupelled  on  primitive  hearths,  and  the  litharge 
returned  to  the  cupola.  In  1896,  silver  was 
extracted  to  the  value  of  58,861,693  dols.  at 
Mexican  valuation.  Of  this,  18,253,969  dols. 
were  exported  out  of  21,092,397  dols.  coined, 
21  per  cent,  of  the  silver  was  exported  in  ore 
and  matte,  and  41  per  cent,  in  bars  and  lead 
bullion  (British  Consular  Report,  No.  1985). 

Mexico’s  large  lead  production  has  of  neces- 
sity followed  the  introduction  of  railroads.  The 
birth  of  the  industry  dates  back  only  some 
fifteen  years.  Its  development  is  due  entirely 
to  American  enterprise,  and  it  was  stimulated 
at  first  by  the  scarcity  of  lead  for  the  collection 
of  silver  from  dry  ores  in  the  United  States. 
But  the  heavy  duty,  which  subsequently  came 
to  be  imposed  on  lead  entering  the  Union, 
checked  the  importation  of  ore  into  the 
States,  and  compelled  the  establishment  of 
large  smelting  works  with  modern  furnaces  in 
Mexico  itself.  At  present  there  are  six  modern 
lead  smelting  establishments  in  Mexico — two 
in  Monterey,  one  of  which  is  owned  by  the 
Messrs.  Guggenheim,  and  the  other  by  a 
Mexican  company ; one  in  San  Louis  Potosi  ; 
one  in  Valladino  ; one  in  Aguas  Calientes  ; and 
one  in  the  Mapami  district.  Their  gross 
production  is  about  7,000  tons  of  pig 
lead  monthly.  In  addition,  over  6,000  tons 
monthly  of  ore  are  exported  to.  the  States, 
chiefly  from  the  Sierra  Mojado  and  from  the 
famous  old  group  of  mines,  known  as 
the  Santa  Eulalia,  near  the  city  of  Chihuahua. 
The  district  of  Guerrero  is  giving  promise  of 
being  a large  producer.  Lead  ores  are  mined 
in  greater  or  less  quantities  at  innumerable 
other  points,  and  still  treated  in  small  native 
furnaces.  But  where  ores  are  within  reach  of 
railroads  or  ocean  transportation  they  are 
preferably  exported.  The  exclusive  fiscal 
policy  of  the  United  States,  and  the  decline 
in  the  price  of  silver,  have  combined  to  retain 
the  smelting  industry  of  lead  in  Mexico  to  the 
notable  advantage  of  the  Republic.  The 
United  States  Customs  returns  show  a value  of 
lead  in  pigs,  bars,  and  so  on,  imported  in  1895 
from  Mexico,  of  2,496,689  dols.,  on  which  duty 
at  an  ad  valorem  rate  of  47*23  per  cent,  was 
collected;  and  in  1896,  1,906,097  dols.,  on 
which  an  ad  valorem  duty  at  51*75  per  cent, 
was  collected.  Calculating  lead  at  3 cents 
per  lb.,  this  would  represent  an  importation 
of  about  41,000  short  tons  into  the  United 
States,  on  which  duty  was  paid.  On 


the  other  hand,  the  British  Customs 
returns  give  the  import  into  this  country 
from  Mexico,  of  only  370  tons  of  lead 
ore,  and  no  pig  lead,  though  30,426  tons  of 
pig  lead  appear  as  imported  from  the  United 
States.  This  is  presumably  Mexican  and 
British  Columbian  lead,  which  was  smelted 
and  de-silverised  in  the  United  States  in  bond. 

Copper  mining  in  Mexico,  fifty  or  sixty  years 
ago,  was  even  more  restricted  than  that 
of  lead,  by  defective  means  of  transportation. 
There  exist  no  statistics  to  show  what  her 
production  then  was  ; it  was,  however,  very 
small— limited  to  what  was  required  for  the 
scanty  needs  of  the  people,  and  the  demands 
of  the  Mints.  Copper  was  probably  mined  on 
the  Gulf  of  California,  where  the  present  Bolen 
Company  now  has  its  magnificent  establish- 
ment, for  water  facilities  of  transportation 
there  allowed  of  the  exportation  of  the  ore. 
Small  quantities  of  oxidised  ores  were  alsn 
extracted  from  the  Ajo  and  other  mines  to  the 
east  of  the  Colorado  river.  Native  copper  was 
gained  from  the  Santa  Rita  mountains,  in  what 
is  now  New  Mexico,  and  there  was  a large 
smelting  establishment  near  Mazapil,  in 
the  State  of  Zacatecas,  to  which  the  rich 
carbonate  outcrop  of  the  Aranzazu  Mine  has 
supplied  ores  for  a century  or  more.  Copper 
was  also  smelted  with  their  usual  skill,  though 
on  a very  small  scale,  by  the  metal  workers  of 
the  State  of  Michoacan,  from  the  large  deposits 
of  low  grade  ore  which  are  now  reattracting 
attention  ; and  also  at  Aguas  Calientes, 
where  operations  are  being  revived  on  a very 
different  basis.  At  innumerable  points  sul- 
phurets  of  copper  were  extracted  in  limited 
quantities  to  supply  the  magestral  to  the  latia 
heaps.  Copper  mining  was,  however,  not  a pro- 
minent industry,  nor  can  it  yet  be  said  to  be  so. 
The  largest  copper  producer  by  all  odds  is  the 
French  Company  of  Boleo  already  referred  to, 
which  made  last  year  9,940  long  tons.  The 
copper  mines  of  Mazapil  are  being  worked 
more  actively  than  of  old ; the  Candela  Mines 
in  the  State  of  Leon  are  producing  more  than 
they  did  ; the  Messrs.  Guggenheim  have  works 
at  Aguas  Calientes,  where  they  use  the  copper 
of  the  old  abandoned  mines  to  collect  the  gold 
and  silver  ores  gathered  thither  from  many 
points.  Copper  mines  are  being  opened  in 
Sonora,  and  with  railw*ay  extensions  to  other 
points,  mines  now  known  to  exist,  but  too 
inaccessible,  will  be  reached.  But  no  deposits 
of  menacing  magnitude  have  been  discovered, 
or  are  likely  to  be  opened  within  a measurable 
period  of  time. 
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Tin  is  another  metal  which  has  also  been  a 
product  of  Mexico  since  the  early  Spanish 
period.  In  the  Central  States,  but  chiefly  in 
Durango  and  Zacatecas,  isolated  rich  bodies 
of  casiterite  in  felspatic  rocks,  and  rich  placers 
of  limited  depth  and  extent  have,  from  time 
almost  immemorial,  yielded  what  tin  the  country 
could  consume.  The  ore  was  and  is  made  into 
fairly  good  metal  in  small  adobe  cupolas. 
Many  attempts  have  been  made  to  initiate 
operations  on  a large  scale,  but  the  supply  has 
always  proved  to  be  deficient. 

As  yet  Mexico  is  dependent  on  foreign 
sources  for  her  supply  of  iron  and  steel.  Near 
the  city  of  Durango  is  the  famous  Cerro 
Mercado,  one  of  the  most  magnificent  iron 
deposits  in  the  world,  but  the  fuel,  which  is  as 
necessary  as  the  ore,  is  not  at  hand.  The 
rocks  which  make  her  rich  in  gold  and  silver 
along  the  central  plateau,  unfortunately  do  not 
contain  coal.  But  Mexico  is  not  entirely 
deprived  of  this  most  essential  auxiliary  to 
metallurgical  industry.  Within  the  period 
under  review,  though  in  fact  it  has  been  within 
the  last  fifteen  years,  or  since  railroads  have 
penetrated  the  country  from  north  to  south, 
and  a stable  government  has  assured  security 
to  life  and  property,  Mexico  has  made  immense 
strides.  Her  silver  production  has  grown 
from  about  12,000,000  ounces  in  1837  to 

50.000. 000;  her  gold  from  1,000,000  dols.  to 

6.000. 000  dols.  ; her  lead  from  an  inappreciable 
amount  to  about  50,000  tons,  and  her  copper 
from  insignificance  to  about  12,000  tons;  and 
what  has  been  done  gives  but  a forecast  of 
what  will  yet  be  accomplished. 

United  States. 

Gold. 

1837  g'old  mining  was  confined  to  the 
Southern  States,  where,  chiefly  from  placers, 
about  1,000,000  dols.  d year  was,  during  this 
decade,  extracted.  This  small  yield  declined 
immediately  afterwards,  to  be  increased 
slightly  under  the  spasm  of  excitement  in  gold 
mining  which  followed  the  discovery  of  gold  in 
California,  only  again  to  sink  to  an  insignificant 
figure.  Even  to-day,  with  all  the  advantages 
of  railroad  transportation,  chlorination  methods, 
good  quartz  mills,  dredging  machinery  for 
handling  the  sands  in  river  bottoms,  the  gold 
production  of  the  south  reaches  onlv  250,000 
dols.  annually. 

But  a very  different  fate  attended  gold  mining 
in  the  West.  It  also  has  suffered  its  ups  and 
downs  and  a line,  expressing  production  dia- 


grammatically,  shows  veiy^  sudden  curves  due  to 
the  discovery  and  the  rapid  exhaustion  of  some 
one  or  another  of  the  great  alluvial  deposits 
which  have  been  found  at  intervals  of  time 
between  the  first  strike  on  the  American  River 
at  Sutter’s  Dam,  in  1848,  to  the  present  ex- 
traordinary find  in  Alaska.  'rhis  last  may 
prove  to  be  unprecedented  in  richness,  but  as 
yet  there  is  no  proof  that  it  is.  Mr.  T.  B.  King, 
the  special  agent  sent  by  the  United  States 
Government  to  report  on  the  gold  discoveries  of 
1848  and  1849,  estimated  that  not  less  than 

40.000. 000  dols.,  were  extracted  almost  ex- 
clusively from  the  tributaries  of  the  Sacra- 
mento ; and  by  November  of  the  year  1848,  in 
which  the  gold  was  discovered,  the  Rev.  C.  S. 
Lyman  (“  Silliman’s  American  Journal,”  vol. 
vii.,  p.  291),  who  was  on  the  spot,  con- 
sidered that  between  4,000,000  dols.  and 

5.000. 000  dols.  had  been  washed  out,  at  the 
rate  of  from  30,000  dols.  to  40,000  dols.  daily, 
by  some  4,000  labourers  (Whitney’s  “ Metallic 
Wealth  of  the  United  States,”  pp.  126 
and  137).  With  the  exhaustion  of  her  rich 
placers  the  California  yield  fell  off  after  1851, 
but  Whitney  (p.  147)  estimates  the  grand  total 
of  the  gold  extracted  from  the  California  sands 
and  quartz  veins,  from  1848  to  the  end  of  1853, 
at  not  less  than  260,000,000  dols.*  Nor  is  this 
a unique  example  of  sudden  oscillations  in 
production  from  a rapid  exhaustion  of  old 
alluvial  deposits,  and  the  discovery  of  others. 
In  1859,  the  statistical  tables  show  a notable 
falling  off,  but  there  is  a sudden  rise  in  i860 
and  the  following  years.  This  was  due  in  a 
great  measure  to  the  yield  of  the  placers  of 
that  part  of  Idaho  which,  in  1864,  was  consti- 
tuted the  Territory  of  Montana.  W.  C.  Keyes 
gave  the  gold  production  in  1863,  chiefly 
from  Bannock  and  Alder  Gulch,  at  8,000,000 
dols.  ; in  1864,  from  the  same  limited  areas, 

16.000. 000  dols.,  and  from  1865  to  1867  he 
gave  the  yield  from  Helena,  Confederate  Gulf, 
and  Blackfoot  as  37,550,000  dols.  (Blake’s 
“ Report  on  the  Precious  Metals,”  p.  40).  It  is 
clear,  therefore,  that  such  phenomenally  rich 
placers  as  those  now  being  discovered  and 
exploited  in  Alaska  are  not  without  parallel 
in  the  history  of  alluvial  gold  mining  on  the 
North  American  Continent. 

But  the  steady  maintenance  of  a large 


* Blake,  in  his  “ Report  on  the  Precious  ^Ictals,”  i86o. 
quoting  from  the  San  Fi-ancisco  Herald,  as  repeated  in  the 
London  Times,  gives  the  production  of  gold  in  California 
from  April  i,  1849,  to  Dec.  31,  1850,  at  68,587,591  dols.  He  adds 
“ The  Custom-house  returns  were  burnt,  and  these  figures  thus 
have  a particular  value.” 
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gold  production  from  the  United  States, 
despite  the  exhaustion  long  ago  of  its  rich 
alluvial  gravels,  and  the  curtailment  of  about 
5,000,000  dols.  a year  through  the  Debris 
Legislation  of  California,  which  virtually 
stopped  the  exploitation  of  the  old  river  beds 
by  deep  hydraulicking,  has  been  due  to  the 
application  there  of  undaunted  courage  in 
mining,  to  ingenuity  and  skill  in  using  every 
possible  mechanical  appliance  which  would 
cheapen  the  labour  item  of  cost  and  increase 
the  output,  and  not  a little  to  scientific  acumen 
and  research  in  improving  metallurgical 
methods  invented  by  others.  The  decline  of 
late  years  in  the  price  of  silver  has  diverted 
from  silver  mining  to  the  exploitation  of  old 
and  new  gold  deposits  a large  army  of 
prospectors — the  men  to  whom  the  United 
States  owes — though  they  are  not  technically 
trained,  perhaps  because  they  are  not  tech- 
nically trained — the  rapid  progress  which  has 
been  made  in  the  discovery  of  its  buried 
resources.  There  have  not  been  made  any 
notable  discoveries,  apart  from  Alaska;  but 
the  gold  production  has  been  increased  in 
almost  each  of  the  Western  States  and 
Territories  by  the  revival  of  mines  abandoned 
when  the  cost  of  extraction  was  higher  than  it 
is  now,  and  by  doing  that  slight  amount 
of  initial  work  on  new  discoveries  which 
IS  all  the  prospector  can  do  towards 
finding  the  purchaser  and  opening  a mine. 
As  it  is,  the  cost  of  mining  and  milling  has 
been  reduced  to  so  low  a figure  where  the  ore 
bodies  are  large  and  the  ore  neither  very  hard 
nor  refractory,  that  there  is  not  much  margin 
for  further  reduction.  Leaving  out  of  account 
such  an  extraordinary  record,  due  to  exceptional 
conditions,  as  that  of  the  Spanish  gold  mine, 
California,  which  made  a profit  on  ore,  netting 
only  6o‘6  cents,  per  ton,  we  have  the  records  of 
the  Treadwell  Mine,  Alaska,  which  mines  and 
mills  ores  yielding  a large  proportion  of 
sulphurets,  which  must  be  chlorinated,  for 
2 dols.  50  c.,  and  the  Homestake  group  of  mines 
in  Dakota,  where  the  cost  of  treatment,  owing  to 
the  high  price  of  both  fuel  and  labour,  is  heavy, 
and  where,  nevertheless,  an  ore  netting  above 
4 dols.  has  been  for  many  years  handled  to  a very 
heavy  profit.  The  yield  of  gold  from  copper  is 
yearly  increasing  as  the  cost  of  separation  by 
electrolytic  methods  is  being  cheapened. 

American  types  of  machinery  and  mechanical 
methods  have  been  now  adopted,  and  the  gold 
mills  made  in  America  are  now  being  shipped 
the  world  over.  American  metallurgists  can- 
not claim  the  credit  of  any  valuable  chemical  | 


discoveries  in  the  field  of  gold  metallurgy,  but 
they  have  extended  the  utility  of  such  pro- 
cesses as  the  Plattner  by  devising  machinery 
and  furnaces  for  its  cheaper  application.  It 
is  in  this  direction  that  the  greatest  advances 
have  been  made,  for  thither  American  metal- 
lurgists have  been  driven,  not  only  by  the 
insatiable  demand  for  quantity  but  by  the  high 
cost  of  labour.  As  coal  comes  to  be  more 
widely  and  cheaply  distributed,  and  improved 
metallurgical  methods  more  universally  ap- 
plied, the  gold  production  of  the  United  States 
will  certainly  be  more  than  maintained  ; for 
few  of  the  larger  and  more  important  gold 
veins  or  deposits  show  signs  of  exhaustion  in 
depth.  It  is  due  to  these  healthy  causes,  not 
to  any  great  discoveries,  that  the  gold  produc- 
tion has  increased  from  36,000,000  dols.  in  1893 
to  over  52,000,000  dols.  in  1896,  and  that  during 
the  past  60  years  the  United  States  has  added 
to  the  currency  of  the  w’orld  about  2,000,000,000 
dols.  worth  of  gold. 

Silver. 

The  history  of  silver  in  the  United  States 
during  the  latter  half  of  our  century,  has  been 
much  more  exciting,  and  its  production  has 
been  subject  to  much  greater  vicissitudes  than 
that  of  gold.  Till  the  discovery  of  gold  in 
California,  all  the  silver  made  was  a trifle  from 
some  rich  lead  ore  in  Lancaster  and  Chester 
counties,  Pens}dvania,  and  Davidson  county. 
North  Carolina  ; a very  small  quantity,  selected 
from  the  copper  of  Lake  Superior,  and  w'hat 
was  alloyed  w'ith  southern  gold — altogether  an 
amount  not  in  excess  of  4,000  ounces  annually. 
But  from  1848  onwards  silver  figures  as  an 
important  item  of  production,  though  till  the 
Comstock  rose  into  prominence  very  little  silver 
was  recovered  directly  from  silver  ores 
(Whitney,  pp.  180  and  183).  Whitney  credited 
the  United  States  with  only  277  10430  lbs.  troy 
per  annum  between  1841  and  1848,  and  Whitney 
wrote  in  1854.  Raymond,  on  the  other  hand, 
gives  an  annual  production  of  38,673  ounces  for 
every  year  from  1845  to  1857.  ^^7  rate,  so 

marked  w^as  the  discrepancy  betw’een  the  pro- 
duction of  gold  and  silver  that  Whitney, 
writing  in  1854,  indulges  in  soothsaying,  and 
suffered  the  usual  fate  of  the  prophet.  He  says : 
“If  we  compare  the  produce  of  the  two  metals  we 
shall  have  the  following  results  : — 

Relative  weight  of 

Gold.  Silver. 


1800 I 43 

1845 I U 

1850 I 8*8 

1852 I 4 
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“The  effect  of  this  extraordinary  change  in  the 
relative  production  of  the  two  metals  has  been  felt 
everywhere.  Already  gold  has  driven  silver  out  of 
the  field  in  those  countries  where  it  was  before  the 
principal  medium  of  circulation.  That  which  has 
thus  been  withdrawn  as  coin,  has  been  partly  brought 
into  use  again  in  the  form  of  plate ; but  a large 
part  has  been  shipped  to  Asia.  Up  to  this  time  there 
has  been  no  very  considerable  change  in  the  relative 
value  of  the  two  metals ; but  should  California  and 
Australia  continue  to  supply  gold  at  anything  like  the 
present  rate  for  some  years  to  come,  it  seems  im- 
possible that  such  a change  should  not  take  place.  As 
this  metal  rose,  while  the  Mexican  and  South 
American  mines  were  pouring  out  their  treasures, 
from  a value  only  ten  times  as  great  as  that  of  silver 
to  that  which  it  now  has — of  between  15  and  16  to  i 
of  the  latter  metal — so  now  there  is  no  reason  why  it 
should  not  gradually  return  to  something  like  its 
former  ratio. 

“ Silver  is  in  a geological  point  of  view  the  metal 
best  adapted  for  a standard  of  value,  since,  possessing 
all  the  valuable  qualities  which  make  gold  suitable  for 
that  purpose,  it  is  not  liable  to  those  fluctuations  in 
its  production  to  which  this  latter  is  exposed.  There 
is  no  discovery  of  a new  continent  to  be  looked  for- 
ward to,  whose  mines  shall  deluge  the  world  with  silver, 
and  any  increase  in  the  amount  of  this  metal  pro- 
duced must  come  chiefly  from  the  working  of  mining 
regions  already  known,  by  the  application  of  increased 
■skill  and  capital.  As  it  is  obtained  mostly  from  mines 
wrought  in  the  solid  rock,  any  additional  development 
they  may  acquire  must  be  gradual,  while  gold,  from 
the  very  nature  of  its  occun-ence,  can  never  be  pro- 
duced ^v^th  that  steadiness  w’hich  characterises  the 
metals  WTOught  chiefly  in  deep  and  permanent  mines.” 

Within  tw^o  years  of  the  date  of  this  prophecy, 
the  United  States  w^as  turning  out  2,255,000 
ounces  of  gold,  8,500,000  ounces  of  silver  ; and 
twenty  years  subsequently  the  gold  production 
had  fallen  to  1,670,000  ounces,  and  the  silver 
ran  up  to  28,800,000  ounces,  of  which  about 
one  half  came  from  the  Comstock  lode  alone. 
Twenty  years  still  later,  the  gold  production 
was  almost  constant,  but  the  silver  production 
had  swollen  to  65,000,000  ounces,  though  the 
Comstock  had  long  ceased  to  be  a notable 
factor,  and  but  a small  fraction  of  this  immense 
total  came  from  any  mines  in  which  silver  and 
gold  were  the  sole  elements  of  value.  The 
date  of  silver  production  then  commenced  to 
turn,  and  is,  of  course,  now  run  down  with 
furious  speed.  With  silver  above  60  cents,  it 
would  seem  that  the  mines  of  Park  City  Utah, 
and  some  of  the  Leadville  mines,  could  maintain 
-existence  on  a very  profitable  basis,  but  at  the 
present  price  some  have  been  compelled  to 
close,  and  others  are  running  on  narrow 
margin. 


The  first  strong  impetus  to  silver  mining 
was  given  by  the  discovery  of  the  Comstock 
in  1859,  the  mines  of  the  White  Pine  and 
other  districts  in  Nevada.  They  all  yielded 
dry  ores,  amenable  to  milling  processes,  and 
for  about  10  years  from  that  date  little  or  no 
silver  was  extracted  by  any  other  method  than 
pan  amalgamation.  But  the  discovery  of  rich 
bodies  of  argentiferous  lead  in  the  Eureka 
district  of  Nevada,  and  in  the  Wasatch  range 
of  Utah,  in  the  sixties,  lead  to  the  introduction 
of  smelting,  at  first  for  the  recovery  of  the 
baser  as  well  as  the  more  precious  metals 
which  the  ore  itself  contained,  and  sub- 
sequently as  a means  of  collecting  the 
silver  and  gold  from  dry  ores,  through 
the  agency  of  the  lead.  The  opening 
up  of  the  lead  mines  of  Leadville  in  the 
early  sixties  afforded  such  a large  supply 
of  smelting  ores  within  reach  of  the  coking 
coals  of  South-Eastern  Colorado,  that  smelting 
rapidly  superseded  both  milling  and  leaching  in 
Colorado,  the  more  readily  as  nowhere  did  pan 
amalgamation  without  preliminary  calcination 
secure  anything  approaching  to  a close  ex- 
traction. The  mills  on  the  Comstock  recovered 
only  about  65  per  cent,  of  the  gold  and  silver, 
and  during  its  palmy  days  they  threw  into  the 
tailing  piles  not  less  than  8,000,000  dols. 
annually.  So  completely  has  smelting  super- 
seded other  methods  that  Roth  well  (“  Mineral 
Industry,”  vol.  v.,  p.  242)  estimates  that  not 
more  than  4,000,000  ounces,  out  of  a total  of 
58,488,000  ounces  of  silver  extracted  in  1896, 
were  recovered  by  pan  amalgamation  and  tank 
lixiviation. 

The  two  methods,  namely,  milling  and 
smelting,  and  the  manner  of  practising  them, 
are  vividly  illustrative  of  the  defects  and  the 
merits  of  American  metallurgy.  The  Com- 
stock, White  Pine  mines,  and  other  Nevada 
deposits  were  of  such  exceptional  magnitude 
and  richness  that  in  a few  years  they  peopled 
the  desert  of  Nevada,  which  had  been  part  of 
the  territory  of  Utah,  or  Deseret,  with  a 
population  sufficiently  dense  to  entitle  it  to 
statehood.  In  1880  the  population  of  Nevada 
was  62,266.  Ten  years  afterwards  it  had 
declined  to  45,761  ; and  the  extravagant  haste 
with  which  the  Comstock  lode  was  worked  is 
indicated  by  the  fact  that  of  the  348,000,000  dols. 
of  gold  and  silver  extracted  from  it  between  its 
discovery  in  1859  1890,  274>ooo>oo®  dols, 

or  79  per  cent.,  were  recovered  in  sixteen  years, 
or  betw’een  1862  and  1878.  And  yet,  as  this 
enormous  sum  represents  only  65  per  cent, 
of  the  total  mined,  156,000,000  dols.  were 
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recklessly  run  out  of  the  mills,  of  which  a 
trifle,  at  best,  will  ever  be  saved  from  the 
tailing  piles.  The  Washoe  process  in  conjunc- 
tion with  the  stamp  mill  was  one  of  the  many 
innovations  introduced  on  the  Comstock.  It 
is  an  adaptation  of  the  slow  pateo  process  to 
the  demands  for  speed  which  American  energy 
and  impatience,  and  the  modern  craving  for 
large  returns,  made  on  the  metallurgist.  But 
celerity  and  enormous  output  were  in  this,  as 
in  every  case,  secured  for  a time  at  least,  at  the 
expense  of  unjustifiable  waste.  Were  the 
Washoe  method  still  as  widely  used  as  it  was, 
experience  would  have  remedied  its  defects, 
and  rapidity  would  have  been  attained  without 
making  so  ruinous  a sacrifice,  for  that  has 
certainly  been  the  result  in  the  field  of  argenti- 
ferous lead  smelting,  which  has  almost  ever}"- 
where  supplanted  milling.  In  the  earl}’’ 
period  of  smelting  in  Utah  and  Colorado, 
when  the  ores  were  rich  and  abundant,  furnaces 
large  for  that  day  were  used,  and  the  charges 
were  put  through  without  much  regard  to  scien- 
tific mixtures  and  slag  contents,  the  supreme 
object  being  a large  bullion  output.  But  to- 
day, while  the  works  have  grown  in  size,  the 
furnace  in  dimensions,  and  the  tonnage 
treated  per  stack  increased  in  quantity,  the 
Western  lead  smelter  can  challenge  comparison 
of  his  work  with  that  of  the  oldest  European 
establishments,  both  in  the  matter  of  saving 
and  of  cost.  He  has  learnt  to  correct  the  de- 
fects of  his  early  rule  of  thumb  practice,  and  to 
run  his  furnace  on  carefully  calculated  charges, 
while  nevertheless  not  forfeiting  the  great 
economic  advantages  which  accrue  from  treat- 
ing large  quantities,  both  in  the  aggregate  and 
per  furnace.  That  he  can  alford  to  offer  the 
miner,  in  some  cases,  20  dols.  per  ounce  for 
his  gold,  and  95  per  cent,  of  the  assay  value  of 
his  silver,  and  90  per  cent,  of  the  lead,  and  that 
he  has  reduced  the  charges  on  silicious  ores  to 
7 dols.  (equal  to  28s.),  and  about  4 dols.  (i6s.) 
per  ton  on  neutral  ores,  is  proof  not  only  of  the 
cheapness  with  which  he  works,  but  also  of  the 
closeness  of  his  extraction. 

Note. — The  smelting  situation  in  Colorado 
at  the  present  time  is  as  follows  : — There  are 
being  smelted,  by  the  three  smelters  in  Pueblo, 
about  1,500  tons  daily  of  ore;  by  the  three 
smelters  in  Denver,  900  tons ; by  the  two 
smelters  in  Leadville,  900  tons  ; by  the  smelter 
in  Durango,  130  tons : by  the  smelter  at 

Silverton,  100  tons.  The  treatment  charges 
on  the  ore  smelted  vaiy  very  materially. 

For  silicious  silver  ores,  averaging  about  65  per 
cent,  excess  silica,  the  smelters  pay  for 


95  per  cent,  of  the  silver. 

§19  X per  ton  for  gold  if  -05  ozs.  or  over,  and 
from  $7  to  §9  X treatment  charges. 

On  gold  ores  from  Cripple  Creek  district : — 

^20  X per  oz.  for  gold. 

§10  X treatment  charge. 

On  lead  ores  from  Idaho  : — 

95  per  cent,  of  the  silver. 

90  per  cent,  of  the  lead. 

§7  X treatment. 

Sulphide  ores : — 

95  per  cent,  of  the  silver. 

§19  X per  oz.  if  *05  or  over. 

§7  X treatment  charge. 

Xeutral  15  cents  allowed  for  excess  iron,  and 
10  cents  charged  for  the  excess  silica. 

Our  iron  ores  are  usually  bought  free  on  board  cars 
at  Leadville,  the  smelters  paying  : — 

95  per  cent,  of  the  silver,  and  an  average  of 
75  cents  per  ton  treatment  charge  on  a 40 
per  cent,  excess  iron  basis. 

Some  smelters  are  running  full,  others  only  up 
to  50  per  cent,  of  their  capacity.  The  effect  of 
the  Leadville  strike  has  been  less  notable  in 
diminishing  the  quantity  of  ore  smelted  than 
in  obliging  the  smelters  to  pay  better  prices 
for  iron  ore  and  sulphides  from  the  Leadville 
district,  in  order  to  encourage  the  production 
of  lower  grade  material. 

For  a long  time  past  he  has  been  embarrassed 
by  shortage  of  lead  ore  in  comparison  with  the 
quantity  of  dry  gold  and  silver  ore  treated. 
This  has  been  the  case  to  such  an  extent  that 
it  has  not  been  unusual  to  run  on  an  eight  to 
ten  per  cent,  lead  charge.  The  great  decline 
in  the  price  of  silver  will  unquestionably  still 
further  reduce  the  production  of  argentiferous 
lead  ore  in  the  Western  States  ; but,  unless 
silver  drops  to  a point  which  will  dislocate 
Mexican  finances,  the  economy  of  operating  a. 
mine  in  a silver  country  and  selling  the 
product  in  a gold  country  will  stimulate  the 
export  of  lead  ores  to  the  United  States,  not- 
withstanding the  heavy  import  duty — more 
especially  if  that  lead  be  re-exported  and  a 
rebate  of  the  duty  thus  secured.  As  it  is,, 
the  lead  production  of  the  United  States  from 
native  ores  was  in  i8q6  probably  174,692  tons,, 
of  which  130,000  tons  were  extracted  from 
pure  non-argentiferous  ores.  The  amount  was 
large,  but  utterly  insufficient  to  supply  the 
demand  ; for  though  in  1896  64,885,202  Ibs. 
were  exported,  187,522,267  lbs.  w’ere  imported.* 
Importation  from  abroad  is  therefore  necessary, 
and  the  foreign  supply  can  most  advantageously 

*“  Statistical  Abstract  of  the  United  States  for  1896,’^ 
pp.  i87and2i5;  and  “The  Foreign  Commerce  andNarigation 
of  the  United  States  for  the  }-ear  ending  June  30,  i8q6,”p.  148. 


November  26,  1897.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


27 


be  drawn  as  ore  from  her  neighbours  Mexico  and 
Canada.  The  Customs  returns  for  1896  show 
that  between  six  and  seven  thousand  tons  of 
lead  came  into  the  United  States  from  Canada, 
and  the  balance  from  Mexico,  the  Canadian 
ores  coming  exclusively  from  British  Columbia. 
It  may  seem  disparaging  to  Canadian  and 
British  enterprise  that  raw  ores  should  be 
allowed  to  leave  Canada,  and  thus  the  advan- 
tage of  its  local  treatment  be  lost  to  the 
country  that  produces  it.  But  the  river  and  lake 
system  of  Southern  British  Columbia  is  such 
that  the  readiest  outlet  is  to  the  United  States  ; 
and  moreover  argentiferous  lead  ores,  unless 
of  most  desirable  composition,  can  only  be 
treated  with  a maximum  of  economy  and 
accuracy  of  saving  when  a mixture  can  be 
secured,  and  this  is  best  effected  when 
supplies  are  drawn  from  many  sources.  When 
the  Crow’s  Nest  Pass  branch  of  the  Canadian 
Pacific  is  finished,  especially  if  the  coalfield  it 
traverses  yields  a good  coke,  it  should  collect 
the  ores  of  the  eastern  loop  of  the  Colorado,  of 
Kootenay  Lake,  Rossland,  and  the  Boundary 
districts,  and  make  it  advantageous  to  operate 
large  metallurgical  works  for  the  smelting  of 
both  copper  and  lead  ores,  carrying  the 
precious  metals  at  points  north  of  the 
boundary  line. 

While  the  collection  of  gold  and  silver  by 
lead,  and  their  subsequent  separation  has 
been  practised  from  time  immemorial,  it  is 
only  of  late  that  methods  of  separating  the 
precious  metals  from  copper  have  been  so  im- 
proved and  cheapened  as  to  enable  small 
quantities  of  gold  and  silver  to  be  profitably 
saved  from  that  metal,  and  to  induce  metallur- 
gists to  use  it  extensively  for  collecting  them 
from  non-cupriferous  ores.  The  quantity  of 
gold  and  silver  which  now  comes  into  the 
m.arket  as  a by-product  from  copper  ores  which 
without  them  would  pay  for  treatment,  or  from 
copper  ores  which  without  these  auxiliary 
metals  would  be  rejected,  forms  a very  large 
and  rapidly  increasing  item  in  the  world’s 
total. 

The  electrolytic  method,  though  the  last 
introduced,  is  now  the  most  generally  used. 
It,  and  the  Bessemer  converter,  which 
affords  so  rapid  and  cheap  a process  for 
reducing  mattes  to  metal,  have  been  the 
most  potent  agents  recently  in  affecting  the 
metallurgy  of  copper  and  the  precious 
metals.  Neither  of  these  improvements  owes 
its  origin  to  the  United  States,  but  both  are 
practised  there  on  a scale  which  dwarfs  all 
similar  operations  elsewhere.  The  statements 


of  the  Anaconda  Copper  Company  of  Butte 
show  that  they  shipped  in  1896,  132,364,198  lbs. 
of  copper,  20,380  ounces  of  gold,  and  6,200,000 
ounces  of  silver  ; or  *34  ounces  of  gold  and 
1047  ounces  of  silver  to  the  ton  of  2,240  lbs. 
of  metallic  copper.  The  day  has  not  long 
passed  when  it  was  not  considered  profitable 
to  save  the  precious  metals  unless  they 
exceeded  in  value  two  shillings  to  every 
unit  of  copper.  Now  when  the  higher  sell- 
ing price  of  deposited  copper  over  casting 
brands  is  taken  into  account,  a copper 
containing  not  over  6d.  in  gold  and  silver 
to  the  unit  of  copper  can  be  advantageously 
treated  electrolytically.  As  this  small  quan- 
tity of  gold  and  silver  is  associated  with  the 
major  part  of  the  world’s  copper,  the  quantities 
of  these  two  rarer  metals  which  thus  enter 
commerce  as  by-products  is  to-day  large,  and 
as  electrolytic  methods  are  improved,  will 
become  even  larger.  And  therefore,  just  as  a 
small  trace  of  silver  which  has  now  for  the  last 
century  been  extracted  by  the  Pattison  process 
from  lead,  has  yielded  a notable  portion  of  the 
world’s  supply,  so,  in  future,  copper  may  be 
counted  on  to  replace  a considerable  share  of 
the  silver  which  the  closure  of  some  of  the 
silver  mines,  owing  to  the  low  price  of  that 
metal,  may  cut  off. 

The  silver  miner,  as  well  as  the  silver 
metallurgist,  has  not  been  wanting  in  origin- 
ality. It  was  in  extracting  the  wide  ore  bodies 
of  the  Comstock  that  the  system  of  timbering 
in  square  sets  was  first  used.  The  speed 
with  which  the  Sutro-tunnel  was  driven  to  tap 
the  Comstock  lode  was  attained  only  by  using 
power  drills  ; and  when  the  tunnel  was  com- 
pleted, the  Comstock  was,  I think,  the  scene  of 
the  first  electric  plant,  stationed  underground, 
and  run  by  the  head  of  water  descending 
the  shaft.  It  has,  in  many  respects  been  the 
stage  on  which  many  notable  experiments  and 
much  actual  advance  in  mining  and  metallurgy 
has  been  made. 

Copper. 

The  metal  whose  discovery  and  production 
in  the  United  States  within  the  past  sixty 
years  has  exerted  most  influence  on  the  Metal 
Exchanges  of  Europe  is  copper.  At  the  com- 
mencement of  the  period  in  question,  a very 
small  quantity,  estimated  at  not  over  100  tons 
in  fine  copper,  was  mined  in  the  Atlantic  sea- 
board States.  The  existence  of  native  copper 
on  Lake  Superior  had  long  been  known,  but  it 
was  not  till  Dr.  Houghton’s  partial  though 
systematic  survey  of  the  rocks  of  the  Keewenaw 
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promontory  had  been  made  that  mining  was 
attempted.  The  first  mine  opened  was  the 
Cliff,  in  1843-44,  and  some  12  tons  of  metallic 
copper  were  produced  ; but  year  by  year,  with 
few  relapses,  the  quantity  of  copper,  extracted 
at  first  from  veins  only  and  latterly  entirely  from 
the  beds  of  conglomerate  and  amygdaloidal 
trap,  has  grown  till  in  1896  the  Lake  Superior 
mines  put  into  the  market  64,312  long  tons  of 
copper  famous  for  its  purity.  The  metallic 
condition  to  which  nature  has  reduced  the 
copper  in  the  ore  so  facilitates  its  extraction 
that  a simple  concentration  and  a single  fusion 
in  a reverberatory  furnace  suffices  to  convert  it 
into  metal  of  the  very  highest  grade.  There 
has,  therefore,  been  little  room  for  radical 
changes  in  the  method  of  their  treatment  ; 
but  the  wonderful  development  in  the 
mechanical  appliances  employed  may  almost 
be  measured  by  the  difference  in  the 
capacity  between  one  of  the  old  up  and 
down  wooden  stamp-heads  originally  used, 
and  which  could  not  crush  more  than  a ton 
a day,  and  a steam  stamp-head  of  to-day 
with  its  daily  capacity  of  250  tons.  The  Lake 
has  also  been  the  scene  of  much  heroic 
mining.  The  Tamarack  Company  set  the 
example  of  fearlessly  sinking  for  their  copper 
deposit  in  depth  by  starting  a shaft  2,270  feet 
deep,  to  tap  the  conglomerate  below  the  Calu- 
met and  Hecla  workings,  but  since  then  the 
Calumet  and  Hecla  Company  has  opened  up 
their  ground  on  the  dip  of  the  bed  below  the 
level  of  the  Tamarack  workings,  and  are  ex- 
tracting ore  through  their  Red  Jacket  shaft 
from  a vertical  depth  of  4,900  feet.  While  the 
Calumet  and  Hecla  conglomerate  has  been  the 
most  productive,  the  most  striking  instance  of 
cheap  mining  and  milling  is  afforded  by  the 
Atlantic  Mining  Company  working  on  a softer 
trap  bed  of  large  uniform  width  and  of 
very  uniform,  though  exceedingly  low,  yield  in 
copper.  Their  accounts  show  that  the  returns 
of  copper  to  the  ton  of  rock  over  a period  of 
years  is  only  14  lbs.  or  7-ioths  of  i per  cent., 
and  that  the  total  cost  of  putting  it  into 
market  as  refined  ingot  is  on  an  average  i dol. 
23  cents  per  ton  of  rock  mined.  As  even 
Calumet  and  Hecla  ore  yields  only  about  3 per 
cent.,  the  Lake  copper  mines  can  be  profitably 
worked  only  when  large  quantities  of  ore  are 
automatically  handled ; and  once  operations 
attained  a certain  range  it  seems  inevitable 
that  they  will  be  increased  until  either  the  ore 
be  exhausted  or  the  works  become  unmanage- 
ably bulky. 

While  copper  mining  on  the  Lake  was 


assuming  significant  proportions,  deposits  of 
sulphuretted  ore  were  opened  in  Vermont  and 
at  Ducktown  Tennessee,  and  at  many  other 
points  in  the  Appallachian  Range.  The  opera- 
tions in  these  districts  were  then  looked  upon  as 
extensive,  though  judged  of  by  the  standard  of 
to-day  they  were  small,  and  their  smelting 
plants  and  methods  followed  closely  German 
models.  At  that  period  also,  that  is  before  the 
war  when  the  Liberal  trade  policy  of  the 
United  States  permitted  of  a freer  interchange 
of  products  with  South  America,  the  ores  from 
Chili  were  smelted  in  considerable  quantities 
at  copper  works  in  New  Haven,  Perth,  Amboy, 
and  Baltimore.  The  war  tariffs,  of  course,  cut 
off  these  supplies  ; but  the  intense  business 
activity  which  followed  the  war  stimulated 
mining  at  home,  and  led  to  the  rapid  opening 
up  of  the  West  by  railroads.  They  alone  have 
made  possible  the  predominant  position  the 
United  States  now  occupies  in  the  copper  trade 
of  the  world  through  the  development  of  her 
Rocky  Mountain  mines.  When  the  business 
revival  of  1879  occurred  after  the  long  depres- 
sion following  the  Jay  Cook  collapse  of  1872, 
the  United  States  was  obliged  to  import 
copper,  but  ever  since  then  her  exports  of 
that  metal  have  increased,  till  in  1879  ^^ey 
reached  125,851  tons,  or  about  one-third  of 
the  total  production  of  the  world. 

Arizona  was  the  first  of  the  Territories  to 
draw  attention  to  the  copper  resources  of  the 
West  ; but  her  mines,  though  they  have 
steadily  increased  their  output,  have  been 
obscured  by  the  wonderful  performances  of 
the  copper  companies  of  Butte,  Montana. 
Last  year  Montana  produced  102,203  long 
tons  of  copper,  the  Lake  64,312  tons,  and 
Arizona  32,922  tons  ; and  approximately  the 
number  of  tons  of  ore  handled  were,  in 
Montana  2,500,000,  on  the  Lakes  2,500,000, 
in  Arizona  1,000,000,  and  elsewhere  1,000,000, 
making  a gross  tonnage  of  more  or  less 
7,000,000,  or  about  45  per  cent,  of  the 
tonnage  of  the  iron  ores  of  the  United 
States.  To  raise  this  the  best  machinery  is 
used.  The  most  powerful  hoisting  plant  is,  I 
believe,  that  of  the  Calumet  and  Hecla,  as 
more  ore  is  probably  raised  by  that  company 
through  a single  shaft  than  by  any  others  ; but 
the  Anaconda  Company  may  in  future  take  the 
lead  in  this  respect. 

The  activity  of  copper  production  in  the 
United  States  depends  less  on  the  output  of 
any  single  mine  than  on  the  aggregate  of  the 
whole  ; for  of  the  Spanish  mines,  Rio  Tinto 
breaks  and  sells  over  1,500,000  tons,  and 
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at  Manfeld  in  Germany,  though  only  some 

600.000  tons  of  ore  are  selected  for  smelting, 
to  obtain  this  about  2,500,000  tons  are  mined, 
a quantity  far  in  excess  of  that  actually  broken 
down  by  any  single  concern  in  the  United 
States. 

But  it  is  in  the  smelting  plants  of  the 
Western  companies,  and  in  the  Eastern  re- 
fineries where  the  most  radical  departures 
from  precedent  and  older  methods  has  been 
made.  When  reverberatories  are  used  for 
either  smelting  or  refintng,  their  size  has  been 
increased,  till  a matting  furnace  will  smelt 
(per  day)  50  tons  of  ore  of  average  fusibility, 
and  a refinery  will  melt  a charge  of  even 

100.000  lbs.  Tilting  matting  - furnaces  are 
sometimes  used,  and  to  ladle  speedily  the  large 
charges  of  refined  copper,  ladles,  either  sus- 
pended from  above  or  balanced  on  cars  and 
holding  from  250  lbs.  to  500  lbs.,  are  employed. 
Where  cupolas  are  used,  the  smaller  sizes 
have  been  everywhere  abandoned  in  favour  of 
furnaces  which  wull  smelt  from  200  to  300  tons 
daily,  and  Bessemerizing  has  become  almost 
universal  for  converting  matte  into  99  per  cent, 
copper.  No  converters  of  less  than  5 tons 
capacity  charge  are  an3wvhere  employed,  and 
some  of  15  ton  capacity  are  used.  Where  the 
plan  of  the  work  permits,  the  copper  is  run, 
still  molten,  from  the  melting  furnace  to 
the  converter,  and  thus  re  - melting  and 
handling  is  avoided.  By  thus  increasing  the 
size  of  the  furnaces  and  adopting  the  pneumatic 
method,  large  quantities  of  ore  are  manipulated 
in  comparatively  small  works  with  a minimum 
expenditure  of  manual  labour,  and  the  work  is 
well  done.  Of  the  total  of  212,203  tons  made 
in  the  United  States,  about  120,000  tons  is 
refined  in  the  United  States  by  electrolysis, 
with  the  recovery,  it  is  estimated,  of  about 
14,000,000  ounces  of  silver,  and  about  1,400,000 
dollars  worth  of  gold.  And  yet  Lake  copper  is 
not  treated  for  gold  and  silver,  but  sooner  or 
later  it  will  be,  and  then  another  large  item 
will  be  added  to  the  credit  side  of  the  bye- 
product  account  of  the  precious  metals. 

Iron. 

At  the  same  time  that  the  copper  mines  of 
the  United  States  were  acquiring  a preponder- 
ating influence  in  the  copper  market,  her  iron 
mining  and  her  iron  and  steel  manufacturing 
have  been  growing,  till  they  have  assumed 
proportions  which  are  likely  to  render  them  one 
of  the  greatest  powers  in  the  industrial  wwld. 

This  Society  has  always  taken  an  interest  in 
the  progress  of  the  iron  and  steel  industry  of 


America:  for  in  1762  it  aw'arded  its  gold 
medal  “to  the  Rev.  Jared  Elliot,  of  New 
England,  for  producing  malleable  iron  from  the 
American  black  sand.”  This  grandson  of  the 
famous  “Apostle  to  the  Indians”  is  recorded 
to  have  made  a bar  weighing  50  lbs.  of  metallic 
iron  from  83  lbs.  of  black  sand  in  a bloomery 
forge  (Swank’s  “ Iron  in  all  Ages,”  p.  137). 

It  will  help  us  in  order  more  justly  to  judge 
of  the  growth  of  the  iron  industry  of  the  United 
States  during  the  past  sixty  years,  as  well  as  of 
the  causes  which  stimulated  it,  if  we  adopt  as  a 
point  of  comparison  an  intermediate  period — 
say  the  year  1870,  that  of  the  tenth  census, 
when  the  impetus  given  by  the  Civil  War  and 
the  effect  of  the  high  tariff,  which  was  imposed 
as  one  of  its  consequences,  were  fully  operative. 

In  1840,  the  nearest  census  year  to  1837, 
total  yield  of  the  United  States  was  287,903 
tons  of  cast  iron,  which  was  made  in  804 
furnaces,  or  357  tons  to  a furnace,  and  197,233 
tons  of  bar  iron  turned  out  from  795  bloomery 
forges  and  rolling  mills.  Every  seaboard  state 
from  Maine  to  Alabama  contributed  its  quota. 
Even  Ohio,  Indiana,  Illinois,  Missouri, 
Winconsin,  and  Michigan,  though  in  the  very 
infancy  of  their  existence  and  before  some  were 
actually  born  into  political  life,  appear  in  the 
list  of  producers  ; for  the  more  remote  the 
early  settlers  were  from  the  centres  of  industry, 
and  the  more  imperfect  the  means  of  trans- 
portation, the  more  necessary  it  was  that  they 
should  supply  themselves  with  that  most  essen- 
tial article  for  domestic  and  agricultural  use — 
iron.  Almost  everywhere  the  settler  could  find 
some  iron  ore,  everywhere  wood  for  charooal, 
and  a running  stream  with  which  to  produce  a 
water-blast  and  to  work  his  trip  hammer.  In 
some  of  the  more  remote  districts  of  the 
Southern  States  these,  primitive  furnaces  and 
forges  have  survived  until  very  recently. 

Up  to  1840,  pig  iron,  with  the  exception  of 
some  experimental  runs  on  anthracite  and 
coke,  was  made  exclusively  with  charcoal. 
But  much  of  the  cast  iron  from  Western  Penn- 
sylvania, and  even  from  the  Juniata  Valley, 
was  taken  to  Pittsburg,  which,  on  account  of 
its  cheap  coal  and  geographical  situation,  had 
already  become  the  most  active  seat  of  the 
iron  and  steel  manufacturing  trades.  In  1837 
there  were  already  in  Pittsburg  9 rolling  mills 
and  18  foundries  and  machine  shops.  But 
though  Western  Pennsylvania  was  the  largest 
producer  of  finished  iron.  Eastern  Penns}dvania 
was  the  largest  producer  of  ore  and  pig,  and 
the  centre  of  the  iron  trade  was  east  of  the 
Alleghanies. 
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If  we  look  forward  to  1870  we  find  the  centre 
of  largest  production  to  have  shifted  west- 
ward, though  it  was  still  east  from  the  Alle- 
ghanies,  owing  to  Eastern  Pennsylvania’s  large 
output.  Pittsburg,  already  prominent  in  1837 
as  a manufacturing  centre,  has  become  the 
undisputed  Sheffield  of  America,  not  through 
the  possession  of  iron  ores,  but  because  of  its 
position  at  the  junction  of  the  Ohio  and 
Monongahela,  in  the  heart  of  a great  coking 
coalfield.  But  she  could  have  become  the 
largest  iron  and  steel  manufacturer  only 
because  great  iron  deposits  had  been  dis- 
covered west  of  the  Alleghanies  and  on  Lake 
Superior,  and  by  the  low  steamboat  and  rail- 
road rates  which  had  been  established. 

Iron  ores  had  been  mined  and  smelted  in 
Michigan  before  1840,  but  the  first  ore  shipped 
from  the  Marquette  district,  within  13  miles  of 
Lake  Superior,  was  in  1853.  By  1870  Michigan 
iron  ore  production  had  reached  690,393  tons. 
Two  other  large  deposits,  the  Pilot  Knob  and 
Iron  Mountain,  though  long  known  and  feebly 
worked,  had  been  opened  extensively  in  Mis- 
souri. These  gave  the  predominance  to  the 
States  west  of  the  Alleghanies,  notwith- 
standing that  attention  had  meanwhile  been 
attracted  to  the  pure  Bessemer  ores  of 
Virginia,  and  that  the  large  deposits  of 
magnetite  on  Lake  Champlain  were  being 
actively  worked.  New  York  and  New  Jersey 
— though  never  very  large  producers — were, 
at  prices  prevailing  then,  important  iron 
States.  But  the  Bessemer  process  had  been 
introduced,  and  pure  iron  ores  were  in  such 
demand  as  to  militate  against  the  prosperity 
of  certain  mines  producing  an  ore  too  high 
in  phosphorus.  Three  years  afterwards  com- 
menced a long  period  of  financial  depression, 
which,  however,  affected  the  iron  trade  only 
tow^ards  the  year  1875.  Thenceforward,  till 
about  1879,  iron  manufacturing  was  well-nigh 
moribund,  but  it  revived  with  an  energy  which 
has  carried  it  forward  without  serious  check  to 
its  rate  of  progress  till  to-day.  When  the  revi- 
val occurred  steel  had  almost  supplanted  iron, 
and  the  Bessemer  converter,  with  its  mechanical 
appliances  and  its  possibilities  of  automatic 
operation,  had  replacedthe  old  puddlingfurnace, 
and  checked  all  attempts  to  improve  Dank’s  or 
any  other  mechanical  puddler.  The  Bessemer 
process  and  plant  are  supremely  congenial  to 
the  American  instinct,  and  as  they  can  be 
made  to  fit  into  the  working  of  the  blast 
furnace  so  as  to  effect  a continuous  mechanical 
operation,  it  is  not  to  be  wondered  at  if  both 
blast  furnace  practice  and  Bessemer  practice 


have  kept  pace  one  with  another,  with  the 
result  that  blast  furnaces,  with  a capacity  of 
700  tons  of  pig  daily,  feed  fifteen  ton  converters, 
whose  product  is  passed  directly  to  the  rolls. 
The  whole  aim  and  object  of  the  American 
metallurgist,  and  this  is  especially  true  of  the 
ironmaster,  is  to  replace  hand-labour  by 
machinery,  to  secure  the  maximum  of  auto- 
maticity  in  every  operation  and  series  of 
operations,  and  to  work  his  machinery 
to  the  maximum  limit  of  safety.  No  two 
metallurgical  appliances  can  offer  freer  scope 
to  the  exercise  of  his  ingenuity  and  energy 
than  the  blast  furnace  and  the  converter,  and 
the  feats  he  has  accomplished  with  these  are 
demonstrated  not  only  in  the  quantity  he  treats 
but  in  the  low  figure  with  which  he  can  turn 
out  the  finished  product,  if  we  are  to  accept 
the  prices  at  which  American  rails  have  been 
selling  during  the  past  eight  months  as  indica- 
tive of  their  cost  of  manufacture. 

Fortunately  the  discovery  of  new  sources  of 
ore  have  supplied  him  with  the  raw  material  to 
work  upon.  In  1870  the  total  production  of 
ore  was  3,395,718  tons  of  2,000  lbs.  each,  of 
which  62  per  cent,  came  from  States  east  of 
the  Alleghanies,  the  balance  from  western 
sources.  The  next  great  development  in  the 
industry  occurred  in  the  South  where  early  in 
the  eighties  the  iron  ores  of  Alabama  and 
Tennessee  were  actively  exploited.  These 
occur  in  juxtaposition  with  coal  and  limestone, 
and  repeat  in  America  the  conditions  prevail- 
ing in  some  of  the  British  districts,  with  the 
one  cardinal  disadvantage  however  of  distance 
from  navigation.  Cheap  labour  and  cheap 
fuel  and  cheap  ore  have  enabled  pig  iron  how- 
ever to  be  made  in  Alabama  at  figures  never 
heretofore  approached  in  America.  But  the  ore 
being  highly  phosphoretted  could  not  be  con- 
verted into  steel  on  an  acid  lining,  and  until 
recently  the  basic  process  has  made  very  slow 
progress  in  the  United  States. 

But  meanwhile  fresh  discoveries  of  rich  ore, 
some  of  them  Bessemer  ores,  were  made  with 
startling  rapidity  on  the  shores  of  Lake 
Superior.  In  1870  the  Lake  ores  came  ex- 
clusively from  the  marquette  region  of 
Michigan,  but  in  1877  the  ores  of  the 
Menominee  range  of  mines  appeared  in 
the  market.  The  Gogebic  range,  situated 
partly  in  Wisconsin  and  the  Vermilion  range 
' in  Minnesota  were  found  in  1884  to  contain 
large  ore  deposits,  and  their  development 
was  followed  in  1892  by  the  discovery  of  ore 
in  the  Mesabi  range  of  Minnesota.  With 
such  rapidity  have  these  immense  deposits 
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been  opened,  and  means  of  transportation  by 
rail  and  water  provided,  that  already  they 
supply  Chicago,  Cleveland,  Pittsburg,  and 
other  minor  consumers  with  over  10,000,000  of 
tons  annually,  or  two-thirds  of  the  total  United 
States  production  of  last  year,  which  was 
15,957,614  tons.  The  Lake  Superior  mines 
have  put  into  the  market  altogether  about 
100,000,000  tons  of  rich  ore  averaging  62  per 
cent.,  of  which  about  40  per  cent,  were 
Bessemer  ores  and  60  per  cent.  non-Bessemer. 
With  such  ores  near  navigable  water,  and 
with  coal  and  coke  cheaper  at  both  Pittsburg 
and  Chicago  than  it  can  be  put  on  the  cars 
in  any  coalfield  of  Europe,  the  large  furnaces 
and  rolling  mills  of  the  United  States 
will  enter,  as  dangerous  competitors,  the 
markets  of  the  world,  and  be  able  to  bid  suc- 
cessfully, especially  on  rails  and  structural 
iron  contracts.  The  most  productive  of  all  the 
lake  regions  are  those  of  Minnesota.  From 
the  Vermilion  range,  the  Minnesota  Mine 
shipped  in  1896,  448,757  tons,  and  the  Chandler, 
47 1 >545  tons.  The  Mesabi  range  mines 
shipped  from  open-cut  work,  1,500,000  of  tons, 
and  from  underground,  1,000,000.  The  rate  at 
which  these  soft  surface  or  open-cut  ores  can 
be  mined  is  indicated  by  the  figure  as  the 
highest  record  of  daily  production  from  the 
Mountain  Iron  Mine,  namely  4,446  tons,  in  ten 
hours,  of  ore  removed  by  the  steam  shovel,  after 
being  loosened  by  blasting. 

In  the  Rocky  Mountains  States  and  Terri- 
tories there  are  large  bodies  of  iron  ore,  but 
none  have  been  exploited  to  any  extent  except 
in  Colorado,  where  the  steel  works  of  the 
Colorado  Coal  and  Iron  Company  are  doing 
an  increasing  business.  Elsewhere  the  popula- 
tion is  too  limited  and  the  local  demand  too 
small  to  sustain  iron  furnaces  and  rolling 
mills. 

It  would  be  extraneous  to  my  subject  to 
more  than  refer  to  the  extent  and  energetic 
development  of  the  coalfields  of  the  United 
States.  Yet  were  it  not  for  the  wide  distribu- 
tion and  favourable  strategraphical  position  of 
ner  coal  beds,  the  United  States  could^  not 
have  taken  such  advantage  of  her  iron  ore 
resources  as  she  has.  The  one  industry  has 
kept  pace  with  the  other,  for  there  were  mined 
of  coal,  and  made  as  pig  in  the  years  : — 

Tons  of  Coal.  Tons  of  Pig. 

1840  ..  10,000,000  ..  286,903 

1870  ..  33.oo3>3LS  1,865,000 

1890  ..  156,013,611  ..  9,202,703 

The  distribution  of  both  is  also  widespread  ; 


for  whereas  iron  ores  are  mined  in  large 
quantities  from  19  States,  coal  is  produced 

by  29  States. 

It  may  not  be  uninteresting  to  compare  the 
relative  progress  of  the  iron  industry  of  the 
United  States  and  of  this  country,  as  expressed 
by  tonnage  of  pig  produced  at  the  three  periods 
we  have  been  briefly  reviewing,  namely,  1840, 
1870,  and  1890. 

England.  United  .States. 

Ton  of  2,240  lbs.  Ton  of  2,240  lbs. 

1840  ..  1,396,400  ..  256,100 

1870  ..  5>963>5E5  ••  1,667,000 

1890  ..  7,904,214  ..  9,202,703 

Caxada 

Iron. 

It  is  only  a step,  some  twenty  miles,  from 
the  western  end  of  the  Vermilion  range  of  ore 
bodies  to  the  Canadian  frontier,  and  the  rocks 
which  carry  the  Mesabi  and  Vermilion  ores 
cross  that  arbitrary  line.  It  must  not  be  taken 
for  granted  that  the  ore  bodies  themselves 
necessarily  follow  the  rocks,  for  the  exact 
limits  within  which  ore  might  presumably  be 
found  was  pointed  out  by  the  Minnesota 
geological  survey  before  even  the  discover}’’  of 
the  Vermilion  range  mines.  There  is,  how- 
ever, a fair  prospect  of  the  discovery  of  similar 
bodies  in  Canada.  Whether,  if  discovered, 
they  would  inaugurate  a great  iron  industry  in 
the  Dominion,  in  the  absence  of  coal  and  of 
a large  domestic  market,  is  doubtful  ; but 
were  they  discovered,  with  the  enlargement  of 
the  existing  canals,  or  the  building  of  wider 
and  deeper  ones,  such  ores  would  be  profitably 
imported  into  this  country. 

The  only  Canadian  iron  works  of  any  great 
importance  running  6o  years  ago  were  those 
furnaces,  with  such  an  interesting  history 
dating  back  from  French  Colonial  days,  on  the 
St.  Maurice  River  in  the  Province  of  Quebec. 
They  or  their  successors  have  always  run  on 
bog  ores  brought  now  by  water  from  a con- 
siderable distance  up  the  St.  Maurice  River. 
Their  successors,  the  Canadian  Iron  Furnace 
Company,  are  running  the  Radnor  Forges  more 
actively  than  ever,  and  producing  some  5,600 
tons  of  pig  annually.  The  ore  being  high  in 
phosphorus  has  special  value  for  the  manufac- 
ture of  car  wheels.  As  in  the  early  days  of 
United  States  settlement,  so  in  Canada  a number 
of  small  blast  furnaces  and  forges  were  erected 
in  different  sections  of  what  is  now  included 
in  the  Dominion.  These  small  establishments 
made  iron  castings  and  even  some  bar-iron 
for  local  use.  Prior  to  1837  there  are  records 
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Iron  Ore  Production. 

following  Tahle,  compiled  from  the  United  States  Census  Report,  the  Minet-al  Resources  of  the 
United  States,  and  RothwelV s Mineral  Industry,  shows  with  what  rapidity  important  iron  districts  have 
heen  almost  ohliterated  as  others  more  prolific  or  better  situated  have  come  into  existence  : — 


Alabama 

Colorado 

Connecticut 

Maine 

Mass 

Delaware  

Maryland 

Georgia  

North  Carolina 

Kentucky 

Michigan  

Minnesota  

Missouri 

New  Jersey 

N.  Mexico  and  W.  1 
Territories*  j 

Utah  

New  York 

Ohio  

Oregon  

Washington  

Pennsylvania 

Tennessee  

Texas  

Virginia  

West  Virginia  

Wisconsin  

Indiana  

New  Hampshire  .... 
Vermont 

Total  in  tons  of  1 
2,240  lbs.  . . j 
Omitted 

Corrected  total  . . . . 

Foreign  ores  im- 
ported   


i860. 

20, 700 
30,000 
2,300 

130,000 

164,900 


49,200 

2,100 


508,100 


[870. 


30,061 

3,700 

98,354 

4,500 


690,393 

178,843 

362,636 


525,493 

316,529 


1,095,486 

34,619 

17,500 

11,950 


5,000 


908,3004 

2,309,975 


3,218,275 


3,395,7184 

900,000 


4,295,718 


1880. 


171,139 


92,549 


I 127,101 

84,583 

57,805 

1,948,334 


344,818 

745,000 


1,126,900 

488,750 


1,951,495 

93,272 

3,214 

217,444 

37,000 


7,489,464 

8,048 


7,497,512 


1890. 


35,657 


3685 


244.088 
22,8 
77 

7,141,656 

891,910 

181,690 

495,898 

81,632 

1,253,393 

169.088 


1,361,622 

465,695 

22,000 

543,583 

25,116 

948,965 


16,036,043 


,246,830 


1895. 

2,199,390 

240,937 

39,142 


272,014 

42,093 

5,812,444 

3,866,453 

12,512 

282,433 

47,026 

307,256 

44,834 


900,340 

519,796 

8,371 

712,241 

649,351 


15,937,614 


524,153 


Notes. 

Except  as  flux  for  lead  ancf 
copper  smelters,  little  or 
no  iron  ore  is  mined  west 
of  the  Missouri. 

The  figures  for  i860  are 
palpably  incomplete.  The 
Amer.  Iron  and  Steel  Assc.. 
(Swank,  p.  376)  gives  the 
production  of  pig  iron  for 
i860  at  919,770  short  tons. 
After  enumerating  the- 
sources  from  which  the 
908,300  tons  were  mined  in, 
the  U.S.,  the  census  table 
adds  2,309,975  tons  under 
the  ambiguous  heading 
“ Number  of  tons  used  in. 
Furnaces,”  wuthout  speci- 
fying whence  they  came. 

For  1870  the  Amer.  Iron  and 
Steel  Assc.  gives  the  pig- 
iron  production  at  1, 865, 000 
tons.  The  census  return 
of  3,395,718  tons  of  ore  is 
too  small,  as  the  Eastern 
iron  mines  never  yielded 
as  rich  ore  as  the  Western 
mines  now  do.  The  com- 
piler of  the  census  recog- 
nising the  discrepancy, 
suggested  that  800,000  or 
900,000  tons  be  added  ta 
his  total. 


of  nine  such  establishments,  none  of  which 
survive  to  our  own  day  except  the  Radnor 
Forges,  and  four  only  of  which  were  running 
spasmodically  at  the  end  of  the  third  decade 
(Bartlett,  “The  Manufacture,  Consumption, 
and  Production  of  Iron,  Steel,  and  Coal  in 
Canada;”  and  Bell’s  “Canadian  Iron  and 
Steel  Manual  for  1897  ”).  There  are  in  the 
Provinces  of  Quebec  and  Ontario  in  the  azoic 
and  paleoxoic  rock  many  deposits  of  iron,  some 
of  exceptional  purity,  from  which  considerable 
quantities  of  ore  have  been  shipped  to  the 


United  States.  Furnaces  have  also,  since 
1837,  been  erected  at  more  than  one  place  and 
time  on  the  Ottowa  and  elsewhere,  but  com- 
mercial success  has  not  rewarded  their  owners. 
At  present  there  is  a blast  furnace  in  operation 
in  Hamilton,  Ontario,  but  it  is  fed  by  nearly 
three  times  as  much  ore  purchased  in  the  States 
as  in  Canada.  There  is  no  coal  in  Middle  Canada. 
It  must  be  brought  either  from  the  Maritime 
Provinces  or  across  the  Lake  from  the  United 
States,  and  in  that  case  pay  a heavy  duty. 
Canada  might  imitate  Sweden  and  utilise  her 
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purer  ores  by  making  a high-class  steel  with 
wood  fuel  ; but  to  do  so  profitably  would  involve 
the  creation  of  so  many  subordinate  industries 
in  connection  with  the  iron  and  steel  making 
that  the  undertaking  would  be  onerous.  Never- 
theless therein  probably  lies  her  greatest  likeli- 
hood of  success. 

Two  interesting  misadventures  were  made  in 
iron  manufacturing  in  Canada  between  20  and 
30  years  ago  worth  remembering.  One  was 
the  profitless  attempt  an  English  companymade 
to  make  iron  out  of  the  ilmenite,  containing 
about  50  per  cent,  titanic  acid,  which  occurs 
magnificently  situated  on  the  banks  of  the  St. 
Lawrence  at  Baie  St.  Paul  below  Quebec,  and 
in  very  large  quantities.  Another  was  the 
courageous  endeavour  made  by  Mr.  Mark 
Molson  to  utilise,  in  Catalan  forges,  the  iron 
sands  which  have  been  concentrated  by  the 
waves  into  great  banks  of  iron  ore  on  the 
Moisie  river,  and  at  other  points  on  the  Gulf  of 
St.  Lawrence.  By  magnetic  separation  these 
sands  can  be  freed  from  titanium,  but  their 
metallurgical  treatment  was  attended  with  the 
same  difficulties  as  beset  the  utilisation  of 
those  of  New  Zealand  and  of  those  of  the 
Atlantic  Coast  which,  as  already  stated, 
perplexed  and  was  supposed  to  have  been 
solved  by  the  English  colonists  of  Con- 
necticut. 

To-day  Nova  Scotia  is  the  scene  of  most 
activity  in  the  manufacture  of  iron.  In  1849 
iron  works  were  established  at  Londonderry, 
in  that  province,  which  in  1873  were  acquired 
by  the  Steel  Company  of  Canada,  and  have 
now  passed  into  the  possession  of  the  London- 
deny  Iron  Company.  The  Steel  Company, 
with  a large  capital,  committed  the  initial 
error  of  commencing  operations  with  a new 
process.  That  and  other  causes  have  deter- 
mined its  chequered  career.  It  turned  out  in 
1896  10,497  long  tons  of  pig  and  3,800  tons  of 
wrought  iron.  One  other  is  in  active  opera- 
tion, the  Nova  Scotia  Steel  Company,  which 
absorbed  the  New  Glasgow  Iron  and  Railway 
Company,  incorporated  in  1888,  and  the 
Nova  Scotia  Steel  and  Forge  Company, 
which  had  commenced  its  operations  in 
1883.  Its  production  amounted,  in  1896,  to 
17,891  tons  of  pig-iron  and  about  75  tons  of 
steel,  which  is  manufactured  into  axles,  &c. 
It  is  known  as  the  Ferrona  Company.  It  gets 
some  of  its  ores  from  Newfoundland,  where, 
on  Bell  Island,  Conception  Bay,  flat  deposits 
of  iron  ore,  possibly  of  very  large  extent,  are 
being  opened.  This  ore  is  not  phosphorus 
free,  nor  is  it  of  very  high  grade  in  iron. 


Nevertheless  it  is  finding  a market  on  the  sea- 
board of  the  United  States  instead  of  in  this 
country,  although  there  it  is  subject  to  a hea\y 
import  duty.  Parenthetically  1 may  say  that 
the  mineral  resources  of  Newfoundland,  the 
oldest  and  most  neglected  of  England’s 
colonies,  are  worthy  of  receiving  more  atten- 
tion than  has  hitherto  been  bestowed  on 
them.  Nova  Scotia  is  the  only  locality, 
so  far  as  is  known,  on  the  North  American 
continent,  where  coal  and  good  iron  ore 
occur  side  by  side  on  the  very  sea  shore. 
It  is  true  that  the  ore  bodies  are  not  of  that 
enormous  size  which  permits  of  a large  output, 
but  the  favourable  position  in  wEich  they  occur 
should  ensure  them  success.  Nevertheless  the 
iron  ores  mined  in  Canada,  according  to  the 
summary  of  the  mineral  production  of  Canada, 
issued  by  the  Geological  Survey,  reached  the 
insignificant  sum  of  only  88,206  tons,  in  1866. 
Of  course,  the  production  of  the  Newfoundland 
mines — the  colony  not  yet  having  seen  fit  to 
throw  in  its  lot  with  the  Dominion — is  not  in- 
cluded in  the  above  figure. 

Copper. 

Copper  is  widely  distributed  throughout 
Canada,  every  section  except  the  Prairie 
region  having,  since  the  fourth  decade  of 
our  century,  witnessed  the  expenditure  of 
money  in  copper-mining,  with,  in  some  in- 
stances, a certain  degree  of  success.  In  New- 
foundland there  have  been  exploited  several 
sulphuretted  ore  mines,  from  which  consider- 
able quantities  of  ore  and  matte  have  been 
shipped  within  the  past  30  years.  The  mines 
are  all  immediately  on  the  sea  shore.  The  in- 
terior of  the  island,  though  one  section  has 
just  been  traversed  by  a railroad,  is  practically 
unexplored.  In  Nova  Scotia  and  New  Bruns- 
wick, on  the  Bay  of  Fundy,  and  elsewhere, 
copper  ore  in  mesozoic  rocks  has  been  found 
but  not  successfully  worked.  In  the  Province 
of  Quebec  the  rocks  of  the  Quebec  group  carr}’ 
inter-stratified  beds  of  copper  ore  of  very  great 
extent  but  of  very  low  grade,  and  also  lenticular 
masses  of  pyrites,  which  some  twenty-five  years 
ago  tempted  capital  from  this  country.  The 
same  Capelton  mines,  abandoned  b}'  their 
British  owners,  to-day  supply  sulphur  ores  pro- 
fitable to  the  United  States  acid  and  copper 
works.  The  old  Bruce  mines  on  the  shore  of 
Lake  Superior,  which  were  for  a time  a profit- 
able investment  under  the  management  of  John 
Taylor  and  Sons,  have  not  been  worked  for  about 
25  years.  But  in  the  same  rocks  to  the  north- 
east, at  Sudbury,  have  been  worked  for  the  past 
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12  years  the  most  extensive  copper  deposits  in 
Canada,  and  the  most  productive  nickel  mines 
of  the  world.  As  the  copper  is,  however,  com- 
bined with  the  nickel  in  the  same  ore,  and  as 
it  is  not  rich  in  copper,  its  extraction  is  limited 
by  the  demand  for  its  associated  metal. 

Another  region  more  recently  entered  where 
copper  is  also  a bye-product,  is  Southern 
British  Colvmbia.  As  yet  the  quantity  of  copper 
exported  thence  in  gold  and  silver  matte  has 
not  been  great,  but  if  the  Crow’s  Nest  branch 
of  the  Canadian  Pacific  now  under  construction, 
as  I have  already  remarked,  can  supply  the 
Kootenay  and  Boundary  Creek  districts  with 
•cheap  fuel,  their  production  of  copper  will  not 
be  inconsiderable.  Canada  has  made  no  zinc, 
and  as  yet  what  lead  she  has  produced  has 
come  from  British  Columbia,  and  has  been  in 
^reat  measure  exported  as  ore  to  the  United 
States. 


Canada  has  never  figured  as  a threatening 
factor  in  the  silver  market.  Thirty  years  ago 
startling  discoveries  of  native  silver  and  pure 
silver  ore  were  made  on  Silver  Island,  in 
Thunder  Bay,  Lake  Superior.  Large  quantities 
were  extracted  very  rapidly,  but  the  deposit 
was  of  limited  extent.  Along  the  north  shore 
of  that  Lake,  on  Pie  Island,  and  in  the 
adjacent  districts  west  of  Port  Arthur,  silver 
mines  of  considerable  promise  have  been  from 
time  to  time  opened,  but  not  with  very 
profitable  results.  The  lead  and  copper  ores 
of  British  Columbia  carry  silver,  and  from 
that  region  a notable  amount  will  undoubtedly 
find  its  way  into  circulation.  But  the  total 
value  of  the  metallic  product  of  Canada  in 
1896,  as  will  be  seen  from  the  following 
extract  from  the  mineral  statistics  collected  by 
the  Geological  Survey  of  Canada,  amount  to 
only  8,039,640  dols. 


Product. 

Quantity.^ 

Value.* 

Metallic. 

dols. 

Copper  (fine,  in  ore,  &c.),  Ibs.^  

9^85,556 

1,021,148 

Gold,  tons  

— 

2,810,206 

Iron  ore,  tons 

88,206 

184,313 

Lead  (fine,  in  ore,  &c.),  Ibs.^  

24,199,977 

721,384 

Nickel  (fine,  in  ore,  &c.),  Ibs.^  

3,500,000 

1,155,000 

Silver  (fine,  in  ore,  &c.),  ozs.^ 

3,205,343 

2,174,579 

Total  metallic 

— 

8,039,640 

^ Quantity  or  value  of  product  marketed.  The  ton  used  is  ^ Lead  contents  of  ores,  &c.,  at  2'g8  cents  per  lb. 
that  of  2,000  lbs.  4 Nickel  contents  of  ore,  matte,  &c.,  at  33  cents  per  lb. 

2 Copper  contents  of  ore,  matte,  &c.,  at  io’88  cents  per  lb.  ® Silver  contents  of  ore  at  67  cents  per  oz. 


Gold  appears  as  the  most  valuable  item. 

Gold  was  discovered  in  the  tributaries  of 
the  Chaudiere  river.  Province  of  Quebec, 
.sixty  years  ago  ; and,  ever  since,  the  gravels 
of  several  of  the  smaller  rivers  of  the  county 
of  Beauce  and  the  Upper  Chaudiere  has 
yielded  a small  but  constant  stream  of  gold. 
Strange  to  say,  though  the  gold  is  coarse 
and  sometimes  entangled  in  quartz,  no  profit- 
able quartz  vein  has  been  opened. 

Since  i860  Nova  Scotia  has  appeared  as  a 
.small  but  steady  producer,  having  yielded 
altogether  about  13,000,000  dols.  from  small 
but  very  rich  veins.  Thoroughly  conclusive 
experiments  have  not  been  made  in  the  treat- 
ment of  the  low-grade  slates  which  enclose  the 
veins,  and  which,  if  they  should  prove  capable 
of  profitable  mining  would  raise  Nova  Scotia 
to  a position  of  prominence  among  gold- 
producing  countries — for  the  area  over  which 
gold  is  found  and  worked  is  extensive. 


Gold  is  also  widely  distributed  over  the 
province  of  Ontario — from  the  extreme  east  in 
Madoc  and  Marmora  countries  to  the  extreme 
west,  where  to  the  west  of  Lake  Superior, 
around  Rainy  Lake,  Lake  of  the  Woods,  and 
Lake  Shebandovau  the  yield  is  already 
considerable  and  the  prospects  most  en- 
couraging. 

But  at  present,  perhaps  unfortunately,  the 
merits  of  other  districts  are  being  obscured  by 
the  wonderful  discoveries  on  the  Yukon. 

I have  already  referred,  incidentally,  in  dis- 
cussing the  early  gold  discoveries  of  the 
United  States,  to  the  recent  Alascan  finds. 
It  would  be  unreasonable  to  suppose  that 
every  one  of  the  thousands  who  flock  thither 
will  make  a fortune  ; and  of  course  in  that 
arctic  climate  and  those  northern  regions,  the 
hardships  which  those  who  fail,  and  even  those 
who  succeed,  will  be  subjected  to  will  contrast 
most  unfavourably  with  the  lot  of  those  who 
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flocked  to  California  or  Australia.  But  while  to 
the  west  of  the  mountains  in  that  remote  region, 
both  the  climate  and  the  physical  conditions  are 
in  the  highest  degree  unfavourable,  life  is  much 
less  intolerable  in  the  Mackenzie  country  to 
the  east  of  the  range.  The  resources  of  that 
vast  section  of  the  Dominion  are  but  little 
known.  The  superficial  explorations,  however, 
of  the  Geological  Survey  of  Canada,  concur  with 
the  reports  brought  thence  by  United  States 
prospectors — and  many  of  these  restless,  hardy 
explorers  have  penetrated  it — in  pronouncing  it 
one  of  the  richest  mineral  regions  of  the  world. 
Coal  and  lead  ores  are  said  to  crop  out  in  great 
abundance,  on  the  banks  of  the  Mackenzie, 
and  petroleum  to  well  forth  almost  as  in  the 
Baku  district.  The  rush,  therefore,  to  Alaska 
may  hasten  the  development  of  this  vast  terri- 
tory. 

When  we  look  at  the  map  of  North  America 
we  find  that  the  territory  controlled  by  Great 
Britain  exceeds  that  of  the  United  States,  with 
Alaska  included.  But  of  this  immense  area 
of  over  3,600,000  square  miles,  only  a very 
narrow  fringe  along  the  St.  Lawrence,  the 
great  Lakes,  and  the  United  States  frontier 
has  even  been  explored.  There  are  probably 
150,000  square  miles  in  the  Peninsula  of 
Labrador  alone  which  have  not  even  been 
trodden  by  the  feet  of  white  men.  The  rocks 
composing  a very  large  proportion  of  this 
enormous  area  are  those  which  in  America 
and  elsewhere  carry  the  most  valuable  mineral 
deposits.  Therefore,  Canada’s  prospect  of 
becoming  some  day  or  other  a rich  metal- 
producing  country  are  bright  in  the  extreme. 
Her  progress,  however,  will  necessarily  be 
slow,  not  only  on  account  of  the  severe 
climate,  the  impediments  it  throws  in  the  way 
of  individual  prospecting,  and  the  heavy 
timber  and  deep  alluvium,  which  covers  so 
large  a proportion  of  her  mineral-bearing 
rocks.  But  when  we  look  at  the  extraordinary 
fnineral  wealth  developed  immediately  south 
of  the  Canadian  line,  whether  in  the  iron  ores 
of  Minnesota  or  the  copper,  gold,  silver,  and 
lead  of  Idaho  and  Montana,  we  cannot  but 
foresee  an  extension  of  like  w'ealth  to  the 
country  north  of  that  arbitrary  line,  when 
once  the  same  energy  is  exerted  and  the 
same  w'ealth  is  risked  in  the  discovery  and 
in  the  development  of  Canada’s  mineral  re- 
sources. It  is,  how'ever,  hardly  to  the  credit 
of  Canadians  or  of  Englishmen  that  to-day 
most  of  the  mining,  one  may  say  almost  all, 
is  done  by  citizens  of  the  United  States  with 
United  States  capital. 


DISCUSSION. 

Mr.  Benedict  Kitto  said  he  had  listened  with 
extreme  interest  to  this  veiy'  able  and  clear  paper, 
wliich  must  have  made  every  one  feel  that  it  was  time 
for  England  to  think  very  seriously  of  her  position  as 
a metallurgical  and  mining  countr}’.  He  was  not 
prepared  to  enter  on  any  discussion  of  the  facts  and 
figures  which  had  been  given  ; but  he  must  say  that 
Professor  Douglas  had  put  before  them  food  which 
w'ould  require  a good  deal  of  digestion. 

Mr.  W.  Semmons  said  he  met  Professor  Douglas  in 
Arizona  14  years  ago,  when  the  district  was  producing 
a large  amount  of  blue  and  green  carbonate  of  copper. 
He  knew  that  English  smelters  had  derived  a great 
deal  of  information  and  benefit  from  the  remarkable 
manner  in  which  the  Americans  had  utilised  their 
machinery,  but  there  were  certain  points  which 
had  to  be  considered.  In  the  first  place  there 
were  no  copper  deposits  in  Europe,  except  the  Rio 
Tinto,  at  all  corresponding  in  size  of  those  in  the 
Western  States  of  America,  and  there  was  not 
the  same  opportunity  for  utilising  machinery  on  a 
large  scale.  Again,  wdth  regard  to  the  iron  deposits, 
he  had  been  over  the  Marquette  district,  and  was 
much  struck  by  the  ease  with  which  the  steam  shovels 
w'ere  used  in  mining  in  the  same  way  as  they  were 
employed  on  English  railways.  The  facts  brought 
forward  with  regard  to  the  cost  of  iron  in  America 
as  compared  with  Europe  were  somewhat  alarming. 
AVhen  he  entered  the  copper  trade  some  35  years  ago 
England  was  the  chief  producer,  or  almost  so  in  the 
world,  but  we  w'ere  now  almost  at  the  bottom  of  the 
list,  and  it  looked  as  if  we  intended  to  occupy  the  same 
position  with  regard  to  iron,  and  at  any  rate  tbe  pros- 
pect was  vei-y  serious.  The  facts  mentioned  by  Professor 
Douglas  ought  to  be  considered  ver\'  seriously  both  by 
masters  and  men,  for  unless  they  could  come  together, 
he  ferred  the  trade  of  England  would  suffer  such  a 
collapse  as  w'ould  probably  be  irretrievable. 

Mr.  D.  A.  Louis  agreed  that  the  warnings  con- 
veyed in  the  paper  ought  to  be  taken  to  heart,  but 
the  point  just  mentioned  was  important.  In  fact,  a 
neighbour  of  his,  when  he  heard  the  remark  that 
England  ought  to  follow  the  American  methods, 
suggested  at  once  that  they  must  first  find  the 
American  deposits.  To  a large  extent  the  ^ame 
remark  applied  to  the  iron  industry.  Amenca  had 
much  larger  areas,  and  therefore  much  larger 
quantities  to  draw  from.  Anyone  who  followed 
the  w'ork  of  the  Iron  and  Steel  Institute  would 
be  aware  that  due  attention  was  paid  to  any 
improvement  that  took  place  in  the  industiy  all 
over  the  world.  Not  only  was  information  obtained 
from  the  members,  but  from  workers  in  America, 
and  in  addition  to  that  direct  information,  a 
considerable  amount  of  indirect  information  was 
drawn  from  various  journals,  technical  and  other- 
wise, and  if  the  matter  were  sutficiently  important  it 


36 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[Noveviber  26,  1897. 


was  duly  noted  in  the  Journal  of  the  Institute.  The 
members  were  men  of  considerable  practical  ex- 
perience ; they  read  all  these  communications,  and  if 
they  found  anything  of  sufficient  importance,  no 
doubt  they  would  adopt  it.  On  the  whole,  therefore, 
he  did  not  know  that  the  reproof  which  had 
been  administered  was  altogether  justified,  because 
he  thought  these  men,  good  men  of  business,  would 
readily  adopt  any  improvements  they  thought 
advisable.  These  methods  were  also  put  before  the 
meetings  of  the  Institute  of  Civil  Engineers,  Mr. 
Head  having  recently  read  a paper  there  on  the 
most  recent  methods  adopted  in  the  United 
States.  They  were  known  to  all  iron  masters, 
and  he  had  no  doubt  that  if  they  thought  it 
necessary  or  expedient  they  would  even  go 
to  the  enormous  expense  which  it  would  entail  to  alter 
their  own  plant.  Some  of  the  places  referred  to  he 
had  visited,  for  instance,  those  on  the  Gulf  of  Cali- 
fornia, some  years  ago.  Up  to  the  present  they  had 
not  proved  such  dangerous  rivals  as  it  had  been 
suggested,  but,  of  course,  they  might  be  in  the  future. 

Mr.  F.  A.  Robinson,  referring  to  the  comparison 
made  between  the  old-fashioned  stamps  and  the 
modem  ones,  said  they  must  go  back  a veiy  long 
way  to  find  one  which  only  crushed  one  ton  a day. 
and  it  was  not  quite  a fair  comparison  unless  it  were 
stated  what  the  steam  stamp  was  contrasted  with. 
With  the  ordinary  method  at  preesent  they  crushed 
as  much  as  5 tons  a day,  per  head.  He  should 
like  to  know  if  the  comparison  was  made  with  a 
single  stamp  or  a series  of  stamps,  such  as  were  usually 
used.  As  far  as  his  knowledge  of  mining  machinery 
extended,  it  appeared  to  him  that  the  ordinary 
gravitation  stamp  had  always  proved  the  most 
economical  and  efficient,  and  it  was  adopted  in  almost 
all  mining  countries. 

Mr.  Louis  said  he  had  intended  to  refer  to  this 
point.  At  the  Anaconda  Mine  he  believed  the  output 
was  300  tons  per  head  with  the  steam  stamp,  which 
was  a very  different  thing  from  the  ordinary  gravitation 
stamp.  He  should  like  to  ask  the  last  speaker  what 
sort  of  gravitation  stamp  it  was  which  did  five  tons  a 
day  per  head  } 

Mr.  Robinson  said  there  were  any  number  in  use 
now. 

The  Chairman  said  in  listening  to  Professor 
Douglas,  the  thing  which  attracted  his  attention 
more  than  anything  else,  was  the  suggestion  that 
the  English  were  altogether  behind  the  Americans 
in  the  application  of  machinery.  He  must  say  he 
could  not  at  all  agree  with  him  there,  because  in  the 
iron  and  steel  industry,  which  Professor  Douglas  par- 
ticularly referred  to,  all  the  important  processes,  with 
hardly  a single  exception,  had  been  conceived  and 
developed  in  England.  This  was  a big  thing  to  say, 
for  the  iron  industry  was  by  far  the  greatest  metal- 


lurgic  industry  in  the  world.  It  was  quite  true  that 
the  Americans  had  done  a great  deal  in  arranging 
machinery  so  as  to  economise  time,  labour,  space, 
and  so  on,  but  all  the  main  ideas — the  backbone  of 
the  processes— had  been  developed  in  this  country. 
One  had  only  to  go  back  a little  to  verify  this  state- 
ment. The  puddling  process  was  due  to  England, 
and  so  wdth  the  Bessemer  process,  the  development 
of  which  by  Sir  Henry  Bessemer  was  such  a triumj)h 
of  mechanical  genius,  and  which  had  been  very 
little  improved  on  since,  except  in  some  points  of 
detail,  and  in  working  out  some  of  those  points 
Americans  had  certainly  had  a share.  For  instance, 
Mr.  Holley  greatly  improved  the  plant  from  the  point 
of  view  of  rapidity  of  repair,  thus  introducing  con- 
siderable economy,reducing  loss  of  time, and  increasing 
the  output.  Then  there  was  the  Siemens  process, 
the  rival  of  the  Bessemer,  which  and  all  the  appli- 
ances connected  with  it,  were  in  the  main  evolved  in 
England.  So  with  the  basic  Bessemer  process,  and 
with  the  system  which  enabled  reheating  to  be  done 
away  with  very  largely,  “ the  soaking-pits ; ” and  so  one 
might  go  on  for  a long  time.  Turning  to  copper,  the 
veiy  process  which  Professor  Douglas  laid  special 
stress  on,  the  converter  process,  was  after  all  only 
the  outcome  of  the  Bessemer  process,  and  that  was 
not  worked  out  in  America  but  in  France.  No 
doubt  in  America  they  had  had  great  advantages 
in  times  past,  owing  to  the  large  quantity 
of  ore  available  as  compared  to  this  countr}’. 
This  was  only  a little  island,  we  had  a certain 
amount  of  tin,  but  not  much  lead  or  copper,  and  if 
we  had  large  iron  smelting  works,  it  was  not 
entirely  due  to  the  presence  of  native  ores,  but 
in  great  measure  to  the  facilities  we  possessed  for 
importing  suitable  ores  from  Spain,  Algeria,  and 
elsewhere.  He  could  not  help  thinking  that  in  the 
future  there  would  be  a complete  change  of  conditions. 
In  Australia  there  were  enoimous  deposits  of  com- 
plex lead  ores — in  the  Broken  Hill  district,  for 
instance.  Up  to  the  present  they  had  been  worldng 
surface  ores  there,  which  required  only  simple  smelting 
processes ; but  now  they  had  nearly  got  through 
them  and  were  face  to  face  with  a very  complicated 
problem — the  treatment,  economically,  of  the  com- 
plex sulphide  ores  beneath,  which  were  very 
rich  in  zinc,  and  troublesome  to  deal  Muth. 
There  were  vast  deposits  which  would  enable  us  to 
gain  experience  which  preUously  had  been  impossible, 
and  the  same  thing  was  coming  about  in  British 
Columbia.  Very  large  deposits  were  being  found 
there  of  lead  ore  containing  a good  deal  of  gold 
and  some  silver.  The  Waverley,  the  Tangier,  the 
Hall,  and  other  mines  which  had  lately  been 
opened  up  showed  very  large  deposits  indeed. 
There  were  also  big  deposits  in  Tasmania,  at 
Mount  Lyell  and  elsewhere,  which  would  gh  e 
good  experience.  He  was  therefore  of  opinion 
that  before  many  years  the  engineers  who  dealt 
with  these  things  would  not  be  so  much  drawn 
from  America  as  they  had  been  recently,  for  the 
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simple  reason  that  we  had  not  had  the  material  for 
these  engineers  to  be  educated  on.  With  regard 
to  competition  in  the  matter  of  iron  and  steel, 
there  was  a point  of  considerable  importance, 
viz.,  the  tariff  question.  If  America  imposed  a 
duty  on  ore  it  gave  them  a considerable  advan- 
tage, and  they  could  ship  over  here  any  excess 
amount  of  iron  they  produced,  and  sell  it  at  a very 
low  iigure.  That  no  doubt  had  been  done,  but  there 
were  a great  many  things  to  be  taken  into  con- 
sideration, As  Mr.  Louis  had  pointed  out,  we 
had  many  engineers  — Mr.  Martin,  IMr,  Windsor 
Richards,  Sir  Lothian  Bell,  and  others — who  kept 
watch  on  everything  going  on  in  the  world  connected 
Avith  iron  and  steel,  and  they  were  not  the  men  to  let 
slip  any  opportunity.  The  Dowlais  works  recently  put 
up  by  Mr.  Martin  at  Cardiff  Avere  a great  advance  on 
anything  Avhich  had  been  seen  before  in  the  Avay  of 
handling  material,  and  he  could  hardly  agree  that  Ave 
Avere  behind  America.  We  had  to  deal  Avith  matters 
from  a very  different  standpoint.  He  Avas  in  America 
Avith  the  Iron  and  Steel  Institute  in  1890,  and 
Avent  all  through  the  iron  Avorks  at  that  time 
Avith  those  competent  to  judge  of  the  question, 
and  he  could  speak  from  experience  as  to  the  Avay 
they  considered  every  point  that  presented  itself  to 
them.  He  Avould  conclude  by  proposing  a hearty 
vote  of  thanks  to  Professor  Douglas. 

The  A’ote  of  thanks  haA  ing  been  carried  unanimously. 

Prof.  Douglas,  in  reply,  said  in  early  days  the 
old  up  and  doAAm  stamp,  Avith  a AA'Ooden  stem,  Avas 
used — not  the  Californian  rotating  stamp — and  that 
AA’ould  not  crush  more  than  one  ton  per  stamp-head. 
To-day  the  enormous  steam  stamps  crushed  250  tons 
of  Lake  ore,  which  was  extremely  hard.  They 
could  crush  as  much  as  350  tons  at  Anaconda^ 
but  of  that  large  amount  of  stuff  nearly  one-third 
AA'as  screened  out  before  it  AA'ent  to  the  stamps. 
About  250  tons  nett  A\-as  really  crushed.  You  could 
not  handle  6,000  tons  a day  if  you  only  crush  one 
ton  per  stamp-head.  It  aaouW  mean  6,000  stamp- 
heads,  AA-hich  Avould  nearly  cover  a county.  With 
regard  to  the  Chairman’s  animadA-ersions — to  a certain 
■extent  he  thought  Avhen  he  came  to  read  the  paper 
he  Avould  find  that  he  emphatically  disclaimed  the 
idea  that  any  process  originated  in  America.  He 
should  say  that  he  AA’as  not  an  American  but  an 
Englishman,  though  he  had  lived  20  years  in  the 
United  States.  But  he  could  recognise  that  cir- 
cumstances had  imposed  on  Americans  conditions 
which  they  had  been  obliged  to  folloAV,  and  he 
thought  other  people  would  be  equally  obliged  to 
folloAv  them.  He  quite  agreed  that  all  the  science 
came  from  this  side,  but  they  took  up  processes 
such  as  the  Bessemer  and  Avorked  them  to  the  A’ery 
limit  of  the  poAA’er  of  endurance  of  machinery  and  of 
human  life.  The  same  Avith  the  blast  furnaces  and 
Avith  everj'thing  else.  It  might  be  a great  m’stake,  in 


some  respects  it  was  a great  mistake,  but  they  did  it, 
and  Avhat  Avas  the  result  } They  did  not  throw  their 
Avaste  material  on  the  European  market,  but  rails 
Avere  sold,  before  the  decline  in  price,  in  the  United 
.States  at  5 dols.  or  6 dols.  a ton  less  than  they 
could  be  bought  in  any  part  of  Great  Britain.  He 
admitted  that  the  steel  trust  broke  doAvn ; at  the 
same  time  they  had  been  selling  billets  at  15  dols., 
and  3 dols.  Avas  enough  to  turn  billets  into  rails  by 
automatic  machinery.  They  took  the  processes  Avhich 
Avere  dcA’ised  here,  and  used  them  by  the  aid  of  auto- 
matic machinery,  so  as  to  minimise  the  employment 
of  human  labour.  The  conditions  of  the  day 
made  it  impossible  for  the  English  metallurgist 
to  do  the  same  Avithout  terrible  friction  Avith 
his  Avorkmen,  and  Avithout  cutting  loose  from  all 
those  s}’mpathetic  ties  Avhich  bound  master  and 
man  together  in  many  districts  of  Great  Britain. 
From  that  impediment  they  on  the  other  side  AA-ere 
freer.  There,  there  is  probably  consideration  for  the 
Avorkman.  The  Avorkman  Avas,  in  a sense,  a tramp — 
he  came  and  Avent ; he  had  no  local  habitation  in  the 
place ; his  father  and  grandfather  had  not  lived  there 
before  him  ; he  came  and  Avent  as  he  Avas  employed 
or  throAvn  out  of  employment.  One  of  the  largest 
ironmakers  in  the  States  had  been  able  to  discharge 
500  workmen  by  the  introduction  of  electric  cranes. 
Shortly  after  that  he  Avent  through  several  ironAvorks 
here  Avhere  there  Avere  hundreds  of  little  engines,  each 
one  Avorking  a crane.  In  the  big  American  Avorks 
there  Avas  an  electric  establishment  Avhich  generated 
enough  poAver  to  run  all  the  cranes,  and  one  man  ran 
the  engine  Avhich  Avorked  the  dynamo,  and  so  an 
enormous  number  of  men  attending  to  all  the  little 
engines  and  furnaces  Avere  dispensed  AA’ith.  That  Avas 
a AA’aste  that  must  be  remedied  here.  He  did  not 
question  the  credit  done  Sir  Henry  Bessemer  or 
anyone  else  AA’ho  devised  the  methods  AA’hich  American 
metallurgists  Avere  using.  In  any  Avorks  on  this  side 
the  Atlantic  the  utmost  consideration  AA’as  shoAvn  to 
the  Avorkmen.  He  had  been  at  Mr.  Kmpp’s  AA’orks 
at  Essenden.  There  he  found  the  Bessemer  converters 
out  of  blast,  and  Avhen  he  asked  AA’hat  Avas  done  AA’ith 
the  men  he  Avas  informed  that  IMr.  Krupp  had  put  the 
men  at  Avork  making  another  colony.  He  said  it 
appeared  to  him  that  a man  AA’ho  Avas  an  adept  in 
Avorking  a Bessemer  converter  Avould  not  be  the  best 
men  for  building  a colony,  but  the  reply  AA’as  that  Mr. 
Krupp  Avould  never  discharge  a Avorkman  if  he  could 
find  some  other  Avork  for  him  to  do.  Hoav  the 
friction  betAveen  employer  and  employed  and  hoAV 
sympathetic  and  social  questions  Avere  to  be 
got  over  Avas  a very  grave  question,  but  they  had  to 
be  met  somehoAv.  As  yet,  on  the  other  side,  any 
trouble  from  the  discharging  of  men  had  not  arisen, 
because  they  had  been  able  to  go  on  increasing 
production  at  a greater  rate  than  they  had  been 
obliged  to  discharge  the  men.  But  they  Avould  some 
day  or  other  reach  the  point  Avhen  that  increment  could 
not  go  on,  and  then  aa’ouUI  come  friction.  But  he 
felt  sure  that,  to  a great  extent,  the  processes 
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invented  and  employed  here  could  be  used  in  the 
same  way  as  they  were  used  on  the  other  side.  The 
result  would  be  a cheapening  of  production — an 
expansion  of  the  market  and  the  employment  of  more 
instead  of  fewer  men.  It  was  no  doubt  difficult  for 
a workman  to  see  this  ; but  this  is  certain — if  he 
impedes  the  adoption  of  machinery  and  its  freest  use, 
he  will  so  handicap  British  industrial  progress  as  to 
enable  all  Britain’s  competitors  to  beat  her  in  the  race. 


Miscellaneous. 


FLETTON  BRICK  INDUSTRY. 

The  following  particulars  respecting  the  manufac- 
ture of  bricks  in  the  neighbourhood  of  Peterborough 
are  taken  from  an  article  in  The  Builder : — 

Travelling  from  London  to  Peterborough  by  the 
Great  Northern  Railway,  just  before  arriving  at  the 
latter  station  the  line  passes  through  an  area  which  is 
covered  with  brickworks,  the  tall  chimneys  of  which 
cannot  fail  to  attract  the  attention  of  any  traveller. 

The  district  south  of  Peterborough,  through  which 
the  railway  runs,  and  which  is  called  “ Fletton  ” or 
“Old  Fletton”  (hence  the  name  of  the  bricks),  has 
an  underlying  bed  of  clay  many  feet  in  depth ; at  a 
veiy  small  distance  below  the  surface  is  the  top  bed, 
which  varies  from  6 ft.  to  10  ft.  in  depth.  This  top 
bed  is  the  plastic  clay,  and  its  under  surface  approxi- 
mates to  the  horizontal : the  varying  contour  of  the 
ground  gives  the  difference  in  thickness.  Underlying 
this  is  the  lower  bed  of  shale  or  “knots,”  as  it  is 
locally  temred,  from  which  all  the  pressed  bricks  are 
made.  This  bed  varies  from  25  ft.  to  40  ft.  in  depth, 
and  is  quite  clean  and  free  from  sand,  stones,  or 
other  matter  which  would  injuriously  affect  the 
manufacture.  Below  this  bed  there  is  a layer  of  clay 
mixed  in  a greater  or  less  proportion  with  small 
boulders,  shells,  and  other  debris  of  a like  nature.  As 
all  the  lime,  stones,  or  shells  have  to  be  picked  out  of 
it  for  the  good  bricks,  this  lower  bed  has  not  been 
much  used  as  yet.  Below  this  it  is  understood  there 
is  another  bed  of  good  “knots.” 

However,  it  is  with  the  main  bed  of  knots  that  the 
brickmaker  of  the  present  time  deals,  and  in  this 
manner: — The  men  “bar  the  stuff  down,”  that  is, 
with  a long  crowbar  work  vertical  holes  in  the  clay, 
in  ledges,  all  down  the  face  of  the  pit,  knocking  the 
detached  portions  into  small  trucks,  which  are  placed 
close  to  the  face  at  the  bottom.  These  trucks  are 
nm  on  tramway  lines,  and  are  connected  with  suitable 
winding  gear,  by  means  of  which  each  truck  is  hauled 
up  into  the  grinding-shed,  which  is  usually  on  the  first 
floor  of  the  works,  the  presses  being  underneath. 
The  grinding  shed  has  in  it  one  or  more  grinding 


pans,  a machine  something  like  a large  mortar  mill, 
having  the  outer  portion  of  the  bottom  perforated. 
The  clay  is  tipped  from  the  truck  into  or  near  the 
grinding  pan  which  is  fed  by  a man,  and  as  the  clay 
is  turned  from  large  lumps  into  small,  about  the  size  i 
of  coarse  oatmeal,  it  falls  through  the  perforated  por-  i 
tion  of  the  pan  on  to  the  floor ; thence  it  is  distri-  j 
buted  by  elevators,  &c.,  to  the  various  parts  of 
the  floor  required  to  seiwe  the  presses  below,  the 
holes  in  the  floor  being  connected  with  the  presses, 
which  are  directly  underneath,  by  means  of  coarse 
canvas  chutes.  The  presses  are  arranged  on  each  ! 
side  of  a long  building,  if  there  are  many ; and,  of  i 
course,  in  front  of  one  side  of  this  building  should  be 
the  kiln,  or  kilns — or  on  both  sides,  if  the  works  be 
large — as  the  bricks  must  be  wheeled  from  the  presses 
to  the  kiln,  and  the  less  the  amount  of  manual 
labour  the  cheaper  the  output.  The  press  has  a hole 
in  the  iron  table  the  size  of  a brick,  with  a bottom 
working  up  and  down,  and  also  a ram  with  a square 
head  worked  by  an  eccentric  motion ; the  bottom  is 
depressed,  the  square  cavity  filled  with  powdered  clay 
(just  sticky  enough  to  adhere  together  when  pressed 
tightly  between  the  fingers),  the  square  head  comes 
down,  presses  the  clay,  and  rises ; at  the  same  time, 
the  bottom  rises,  pushes  the  brick  forward  on  the 
table,  from  which  it  is  lifted  by  a boy  and  placed  on 
the  barrow,  ready  to  be  wheeled  to  the  kiln,  square, 
hard,  with  clean  anises,  and  fairly  dry.  Herein  lies 
the  secret  as  to  how  these  bricks  can  be  turned 
out  at  such  a rapid  rate  and  moderate  cost ; 
it  is  not  ten  minutes  from  the  time  the  clay  is  “ baired 
down  ” until  it  is  in  the  kiln,  if  there  is  not  a great 
accumulation  of  clay  ready  ground.  No  time  is 
wasted  in  drying  the  bricks  on  the  hacks,  as  is  usual 
with  the  plastic  clay,  and,  of  course,  the  long  process 
of  weathering  and  tempering  which  is  in  use  in 
the  preparation  of  many  of  the  brick  earths  is  not 
required. 

Many  of  the  old  Scotch  or  Dutch  kilns  are  to  be 
seen  about  the  works  at  Fletton,  but  they  are  being 
superseded  by  some  form  of  kiln  similar  to  “ Hoff- 
mann’s,” the  general  arrangement  being  a large 
oblong  building  in  several  compartments,  eighteen 
being  a common  number ; these  compartments  are 
arched  over,  and  communicate  by  means  of  flues  with 
a chimney  shaft.  Each  compartment  has  a doorway 
or  opening  at  the  ground  level  large  enough  to  wheel 
the  barrow  in,  the  bricks  are  stacked  up  to  the  top, 
leaving  spaces  between  each,  and  when  the  compart- 
ment is  full  the  doorway  is  roughly  bricked  up  and 
plastered  over  with  clay,  except  a small  opening  at 
the  bottom  of  the  doorway  or  wicket,  at  which  a small 
fire  is  made  to  help  to  dry  and  heat  the  bricks  before 
the  regular  firing  is  commenced,  when  this  hole  is 
stopped  up  ; then  the  fire  is  fed  with  small  coal  from 
a hole  in  the  top  or  roof,  about  4 in.  in  diameter,  the 
amount  of  fuel  used  being,  for  these  bricks,  about 
I to  cwt.  of  coal  per  1,000  bricks  burned.  AVith  a 
kiln  of  eighteen  compartments,  one  can  be  filled  each 
day  and  one  drawn,  the  intennediate  compartments 
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being  in  the  various  stages  of  heating,  burning,  and 
cooling  down. 

It  seems  probable  that  the  shale  or  “knots” 
possess  some  natural  oil  or  gas  which  assists  in  the 
burning  operation  ; this  may  be  equivalent  to  the  coal 
or  cinders  mixed  with  the  clay  in  the  case  of  stock 
bricks,  as  the  amount  of  coal  used  appears  very  small. 

The  above  is  a general  description  of  the  methods 
adopted  when  dealing  with  the  bed  of  shale  or  knots, 
and  the  bricks  from  it  may  be  known  by  having  some 
description  of  frog. 

The  top  bed  on  plastic  clay  is  ground,  but  in  a 
plastic  state,  not  dry  as  in  the  case  of  the  knots,  water 
being  added  to  bring  it  to  the  proper  consistency,  to 
allow  of  its  being  forced  out  of  the  orifice  at  the  end 
of  the  machine  in  a stick  or  band  the  size  of  a brick  on 
edge,  about  9 in.  by  4I  in.  This  stick  or  band  is 
cut  into  sections  by  means  of  wires  arranged  in  a 
frame,  each  section  being  a brick  without  any  frog, 
and  may  be  distinguished  by  the  marks  of  the  wires 
on  each  bedding  face.  The  bricks  are  then  dried  on 
the  hacks  or  in  a drying-shed,  or  may  be  pressed  in  a 
machine,  which  gives  them  a better  face,  and  also 
forms  a frog.  It  is  from  this  top  bed,  by  the  plastic 
process,  that  the  white  Fletton  bricks  are  made. 

The  bricks,  when  well  made,  are  good,  being 
particularly  well  foianed  and  hard  ; they  have  a clear 
ring  when  struck  together,  and  are  dense  and 
compact  when  broken  across.  At  the  same  time  it  is 
evident  that  unless  care  is  taken  in  the  manufacture 
they  will  not  possess  these  qualities  ; if  the  shale  is 
too  dry,  or  if  the  supply  to  the  machine  be 
insufficient,  or  the  pressure  not  enough,  a poor  brick 
with  the  particles  not  adhering  to  each  other  will  be 
the  result,  having  neither  strength  nor  power  to  with- 
stand the  weather,  particularly  frost ; and  it  appears 
that  it  would  be  to  the  advantage  of  the  manufac- 
turers if  they  took  pains  to  turn  out  first-class  goods, 
as  there  is  no  doubt  that  opinions  vary  as  to  the 
weathering  qualities  of  the  bricks,  particularly  as  to 
the  effect  of  frost  combined  with  damp  upon  them. 
The  outer  skin  of  all  machine-made  bricks  coming  in 
contact  with  the  oil  or  grease  used  in  the  machine 
no  doubt  helps  to  make  a fine  surface,  but  probably 
does  not  improve  the  weathering  qualities.  An 
object-lesson  in  this  respect  may  be  seen  in  some 
portions  of  the  brick  facing  of  St.  Pancras  Station, 
where  the  coal  wharfs  are,  parts  of  the  original  face 
of  the  bricks  having  enarely  disappeared  within  the 
comparatively  few  )^ears  the  station  has  been  built. 

As  regards  the  strength  of  P'letton  bricks,  some 
accurate  information  is  given  in  the  second  report  of 
the  brickwork  tests  carried  out  by  the  Science  Com- 
mittee of  the  Royal  Institute  of  British  Architects, 
published  in  December  last.  On  page  100  of  the 
report  it  is  stated  that  Professor  Unwin  tested  two 
samples  of  Fletton  bricks,  one  marked  “ Plowman,” 
the  other  without  a mark,  the  crushing  load  of  the  first 
being  equal  to  202-7  tons  per  square  foot,  and  of  the 
second,  239-0  tons  per  square  foot.  This  stress  is 
slightly  higher  than  that  given  in  the  first  report  for 


Gault  bricks,  and  lower  than  that  of  Leicester  red 
bricks  from  Elliston.  It  seems  important  for  the 
architect,  engineer,  aud  builder  in  general,  to  bear  in 
mind  that  single  bricks,  the  crushing  load  of  which 
will  reach,  say,  210  tons,  will  only  carry-  from  20  to 
30  tons  before  crushing  when  built  in  piers,  or 
approximately  only  one-eighth  of  the  load  carried 
by  the  single  brick,  the  actual  figures  being  below 
this  for  work  in  mortar  and  above  it  for  work  in 
cement. 


TREATMENT  OF  VANILLA  BY  CIIL.ORWE 
OF  CALCIUM. 

There  is  hardly  a sugar  estate  in  the  island  of 
Reunion,  which  has  not  more  or  less  land  under 
vanilla,  varying  naturally  in  extent,  according  to  the 
nature  of  the  locality.  On  the  other  hand,  in  certain 
districts  are  to  be  found  large  planters  who  cultivate 
nothing  but  vanilla,  and  as  regards  the  quarters  of  St. 
Rose,  St.  Philippe,  and  St.  Joseph,  it  is  no  e.xaggera- 
tion  to  say  that  the  mainstay  of  the  people  is  vanilla. 
The  yards  and  courts,  and  little  plots  of  ground  round 
the  huts  are  covered  with  the  vanilla  creepers.  AVhen 
the  pods  are  ripe,  they  are  sold  green  to  a neighbour- 
ing merchant,  realising  quite  a little  fortune  for  the 
grower.  In  a report  recently  issued  on  the  trade  and 
industiy  of  Reunion,  Consul  Bennett  has  devoted 
attention  to  the  question  of  the  treatment  of  vanilla  by 
chloride  of  calcium,  and  the  whole  system  of  preparing 
the  vanilla  bean  in  the  island.  The  object  aimed  at 
in  the  treatment  of  vanilla  is  to  endow  it  with  keeping 
properties,  and  at  the  same  time  develop  the  perfume 
which  has  not  yet  come  into  being  at  the  moment  of 
cropping.  Pods  of  the  best  quality  should  be  perfectly 
smooth,  and  without  excrescence  or  holes.  The 
longer  the  pods,  and  the  more  perfumed  they  are 
without  acidity,  the  more  valuable  is  the  vanilla.  The 
success  of  the  treatment  of  vanilla  depends  upon  the 
care  bestowed  upon  it,  and  especially  upon  the  state 
of  maturity  of  the  pods.  If  the  vanilla  is  picked  too 
green,  its  treatment  will  be  difficult,  and  its  keeping 
qualities  doubtful ; the  pods  will  be  thin  and  poor 
after  drying,  whilst  the  perfume  will  not  be  jn-operly 
brought  out,  and  what  there  is  will  be  lacking  in 
quality.  If  plucked  when  too  rij^e,  the  treatment  will 
be  easy,  the  pod  will  be  of  good  size  and  highly 
perfumed,  but  it  will  split,  and  thus  the  vanilla  will 
lose  much  of  its  commercial  value.  On  a well- 
ventilated  and  properly  exposed  plantation,  the  pods 
are  rij:>e  when  the  lower  part  begins  to  turn  yellow. 

The  treatment  by  chloride  of  calcium  consists  of 
several  operations.  These  are: — (i)  Stoppage  of 
vegetation;  (2)  first  drying  and  colouring;  (3)  further 
drying;  and  (4)  watching.  The  process  of  drying  in 
a stove  by  means  of  hot  water  is  the  one  resorted 
to.  On  the  day  of  the  cropping,  or  the  next  day  at 
latest,  the  pods  are  put  to  dry  by  heat  in  tin  cases. 
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Old  petroleum  oil  tins  are  generally  used  for  the 
purpose;  the  size  may  be  slightly  altered,  but  the 
width  and  breadth  of  the  box  should  not  be  too  large, 
as  the  vanilla  in  the  centre  should  be  subjected  to  the 
same  heat  as  that  which  is  nearest  to  the  sides  of  the 
box,  otherwise  the  treatment  of  the  pods  in  the  centre 
would  not  be  assimilated  to  that  of  those  at  the  sides, 
and  the  resultant  colouring  would  be  slightly  different. 
These  boxes  are  fitted  with  lids  closing  on  the  outside 
of  the  box  ; they  are  lined  with  wool  carefully  arranged 
along  the  bottom  and  up  the  sides,  and  a little  over 
the  tops  of  the  sides.  The  vanilla  pods  are  placed  on 
end,  close  enough  to  secure  pressure  without  damage 
by  rubbing,  a horizontal  layer  is  placed  on  top  of 
these,  the  wollen  cover  is  folded  over  all,  and  the  lid 
put  on.  The  boxes  thus  arranged,  are  put  into  the 
halves  of  wine  baiTels,  and  hot  water  emptied  into  the 
barrels  up  to  the  lids  of  the  boxes,  care  being  taken 
that  no  water  gets  into  the  boxes.  In  order  to  prevent 
the  sudden  cooling  of  the  hot  water,  the.  barrel  is 
covered  with  a piece  of  sacking.  It  is  left  thus  covered 
during  one  night.  Next  morning  the  pods  are  with- 
drawn and  exposed  in  the  air  for  some  time  to  dry ; 
then  for  two  or  three  days  they  are  kept  under  woollen 
coverings  in  full  sunlight.  For  this  operation  low 
wooden  boxes  are  used,  a single  layer  of  pods  being 
placed  in  the  bottom  and  covered  with  a woollen 
cloth.  The  boxes  are  placed  in  sunlight  on  trestles, 
to  prevent  contact  with  the  more  or  less  moist  earth. 
After  this  operation  the  colouring  of  all  the  pods  will 
be  uniform,  if  the  drying  by  hot  water  has  been 
properly  done.  Now  is  the  moment  to  proceed  to  the 
drying  operation. 

The  old  methods  of  preparation^ — drying  in  the  open 
air  upon  screens,  in  an  airy  situation,  or  in  hot-air 
stoves,  in  which  the  heat  is  constantly  renew^ed — result 
in  a loss  of  perfume,  and  at  the  same  time  require  a 
large  amount  of  hand  labour.  These  drawbacks  are 
avoided  by  dr3'Ing  in  closed  vessels  by  means  of  chloride 
of  calcium.  This  operation  is  carried  on  in  boxes  of 
galvanized  iron  with  an  hinged  door,  and  closing  on 
an  indiarubber  edging  to  ensure  air-tightness.  Each 
box  has  eleven  drawers  or  trays  ; the  bottom  and  the 
sixth  drawer  are  for  the  vessels  containing  chloride  of 
calcium,  the  others  are  for  holding  the  vanilla.  In 
the  former  are  placed  18  kilogrammes  (about  40  lbs. 
avoirdupois)  of  chloride  of  calcium,  and  in  the  latter 
45  kilogrammes  (99  lbs.)  of  vanilla.  The  vanilla  is 
laid  upon  wooden  hurdle-shaped  frames  resting  upon 
little  brackets  rivetted  into  the  sides  of  the  box.  The 
tray  can  thus  be  drawn  out  in  order  to  arrange  the 
vanilla  properly  ; several  layers  are  placed  on  each  tray. 
The  trays  should  not  be  made  of  resinous  or  strong- 
smelling woods,  as  vanilla  absorbs  and  retains  odours 
It  comes  in  contact  with.  The  vessels  containing 
chloride  of  calcium  should  be  double-bottomed,  the 
inner  one  being  perforated  to  allow  of  the  escape  of 
the  liquid  chloride  of  calcium.  Each  time  the  case 
is  opened  the  chloride  vessels  are  looked  to,  and  the 
chloride  renewed  or  added  to  as  necessary.  When 
the  trays  are  filled  with  vanilla,  and  the  chloride  vessels 


are  in  their  places,  the  door  is  closed,  and  to  make 
sure  that  the  boxes  are  hermetically  closed,  all  rivets 
in  the  box  are  soldered  beforehand.  Every  tw’o  or 
three  days  the  vanilla  is  carefully  examined,  and  any 
pods  showing  moisture  are  taken  out  and  put  aside  to 
be  placed  in  the  sun  and  prepared  by  themselves  in  a 
special  box  where  they  are  all  collected.  In  from  25 
to  30  days  the  vanilla  will  have  reached  the  required  || 
degree  of  dryness.  Practice  will  show  the  exact 
moment  when  they  should  be  withdrawal.  Vanilla 
insufficiently  dried  will  not  keep  and  breeds  small  , 
worms  ; vanilla  over-dried  keeps  well,  but  it  is  not  , 
Supple,  it  is  called  “ broken,”  and  has  less  commercial  i 
value.  After  learing  the  box,  the  vanilla  is  placed  for  [■ 
several  days  on  small  frames,  in  a covered  and  well  j 
ventilated  place,  then  it  is  removed  and  shut  up  in  | 
tin  boxes,  each  holding  from  15  to  20  kilogrammes  I 
(33  to  44  lbs.)  of  vanilla.  There  it  remains  for  several  j 
weeks,  being  examined  every  two  or  three  days,  and  | 
if  any  of  it  shows  traces  of  mildewrit  is  carefully  wiped.  I 
When  it  is  thought  that  the  vanilla  has  reached  1 
perfection  (rendiie  a point),  and  its  perfume  well  | 
developed,  the  cleaning  of  the  vanilla  is  taken  in  hand  1 
in  order  to  remove  the  dust,  and  the  germs  of  mildew  ; 
w’hich  may  adhere  to  it.  Vanilla  which  is  not  > 
subjected  to  this  process  is  dull  in  colour  and  does  not 
keepwell.  Water  to  the  amount  of  about  six  gallons,  ^ 
at  about  140  deg.  Fahrenheit,  is  emptied  into  a perfectly  ' 
clean  receptacle,  and  44  lbs.  of  vanilla  are  thrown  into 
it,  and  vigorously  stirred  up  in  the  w^ater  by  hand. 
The  pods  are  withdrawn,  lightly  wiped,  and  put  to 
dry  in  the  shade.  In  a few  days  wEen  the  pods  are  ‘ 
dry,  they  are  sorted  and  classed  according  to  length 
and  quality,  and  made  up  in  bundles.  AU  these 
operations  must  be  conducted  with  the  greatest  care. 
The  bundles  are  placed  in  tin  boxes  with  covers. 
Each  box  contains  only  vanilla  of  the  same  length 
and  quality,  and  holds  from  4 to  5 kilogrammes  each  ‘ 
(9  to  II  lbs.).  Vanilla  is  never  sent  away  immediately  j 
after  treatment.  It  is  w”atched  for  at  least  a month  to 
make  quite  sure  that  it  will  keep  good  during  a sea 
voyage.  During  the  time  it  is  being  vratched,  the  i 
boxes  are  examined  twice  a week,  and  every  pod 
showing  the  least  sign  of  moisture  is  withdrawn.  The  ' 
mildewed  pods  are  W’orked  up  by  various  processes,  ' 
and  sold  as  inferior  vanilla. 


Obituary. 


Sir  Henry  Doulton. — Sir  Henry  Doulton,  wEo  || 
had  been  in  failing  health  for  some  time,  died  on  the 
evening  of  Wednesday,  the  17th  instant.  He  w^as 
born  in  1820,  in  Vauxhall,  where  five  years  before  his  j 
father,  in  conjunction  with  Mr.  Watts,  had  estab- 
lished the  pottery  which  afterwards  developed  into 
the  great  manufactory  at  Lambeth  which  has  made 
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the  name  of  Doulton  so  celebrated.  Though  intended 
by  his  parents  for  one  of  the  learned  professions, 
and  having  received  a good  education  at  University 
College  School,  he  preferred  to  devote  himself  to 
the  factory,  and  in  later  years  of  his  life  he  was  often 
fond  of  referring  to  his  early  skill  at  the  potter’s 
wheel.  He  became  an  accomplished  “ thrower,”  and 
much  of  the  largest  work  which  was  in  those  early 
days  turned  out  by  the  works  was  done  by  him.  The 
factory  was  a small  one  with  a small  staff,  and  he  has 
stated  that  it  was  no  uncommon  occun'ence  for  him 
to  obtain  the  order  for  some  goods,  make  them, 

I deliver  them,  and  receive  the  money  for  them. 

' In  1846  he  commenced  the  manufacture  of  stone- 
! ware  drain  pipes.  In  spite  of  opposition  and  of 
, difficulties  of  manufacture,  he  succeeded  in  introducing 
i these  largely — so  largely  indeed  that  an  additional 
1 special  factory  had  to  be  erected  in  Lambeth,  and 
a few  years  later  additional  works  in  the  provinces. 
The  firm  also  obtained  a reputation  for  large 
stoneware  vessels  and  appliances  intended  for  chemical 
I and  other  similar  uses,  the  excellence  of  which 
' was  proved  by  the  award  of  medals  and  favourable 
' reference  in  the  jury  reports  of  the  exhibitions  of 

! 1851  and  1862.  For  many  years  the  productions  of 

the  fii-m  were  almost  exclusively  of  a utilitarian 
I nature ; but  among  the  articles  they  made  were  such 
things  as  ale  pots  and  mugs  of  stoneware  of  both 
traditional  and  original  design,  while  they  also 
manufactured  terra  cotta  vases  in  red  and  buff  clay. 
In  the  early  sixties,  however,  Mr.  Doulton  and 
his  colleague  were  endeavouring  to  produce  stoneware 
articles  of  higher  artistic  merit,  and  at  the  Paris 
Exhibition  of  1867  Messrs.  Doulton  showed, 

amongst  their  pipes  and  chemical  waie,  some 

ornamented  jugs  and  vases.  The  efforts  of  the 
firm  in  this  direction  received  great  assistance 
from  the  then  recently  established  Lambeth  Art 
School,  of  which  Mr.  Sparkes  was  the  master,  and 
I the  result  of  their  combined  efforts  was  seen  in  a 
I case  of  veiy  beautiful  ware  shown  at  the  Inter- 
! national  Exhibition  of  1871  at  South  Kensington. 

. Up  to  that  date  almost  the  only  decorated  stone- 
' Avare  had  been  the  old  “ Gres  de  Flandres”  jars  and 
^ flagons  or  “ greybeards,”  and  the  ‘‘  Bellarmines, 

; made  originally  in  the  Rhenish  provinces,  and  after- 
1 Avards  at  Lambeth  by  Dutch  or  English  potters, 

I and  the  new  Doulton  Avare  Avas  really  a revival  of 
! this  old  salt-glazed  stoneAvare.  The  appreciation 
Avith  Avhich  the  new  pottery  was  received,  en- 
i couraged  the  manufacturers  to  persevere,  and  at 
I the  Vienna  Exhibition  of  1873,  Messrs.  Doulton 
I and  Company  Avere  able  to  shoAV  a magnificent 
collection  of  the  Avare  noAv  Avell-knoAvn  under  the 
I name  of  the  firm.  They  were  thus  encouraged  to 
i devote  themselves  seriously  to  the  production  of 
I artistic  pottery  of  the  very  highest  class,  both 
I decorated  stoneAvare  and  the  under-glaze  painted 
earthenware  knoAATi  as  “Lambeth  Faience.”  Before 
long  a second  branch  of  the  factory  Avas  established 
Avhich  rivalled  in  commercial  importance  the  original 
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stoneware  factory,  and  obtained  for  the  firm  a repu- 
tation Avhich  they  could  never  have  achieved  in  its 
purely  technical  line  of  business,  important  as  it 
became.  Hoav  great  was  its  industrial  development 
may  be  judged  from  the  fact  that  an  establishment 
which  in  1834  consisted  of  12  persons,  working  up 
6 tons  of  clay  a Aveek,  noAv — at  its  various  branches — 
uses  some  2,000  tons  of  clay  a week  and  gives 
employment  to  4,000  persons.  The  original  Avorks 
also  at  Lambeth  have  been  supplemented  by  branch 
establishments  at  RoAvley  Regis,  .Smethwick,  Burslem, 
St.  Helens,  Paisley,  and  Paris. 

One  of  the  results  of  the  establishment  of  the  art 
pottery  at  Lambeth,  and  a result  of  Avhich  Sir  Henr>' 
Doulton  Avas  justifiably  proud,  Avas  the  opening  it 
afforded  for  the  employment  of  considerable  numbers 
of  educated  Avomen,  since  among  the  4,000  employees 
of  the  firm  there  are  noAv  some  400  artists,  all  engaged 
on  the  AA'ork  of  design. 

The  serA'ices  Avhich  Hemy  Doulton,  as  the  guiding 
spirit  of  his  great  firm,  rendered  to  the  development 
of  the  potter’s  art  in  this  country,  Avere  fitly  recognised 
by  the  aAvard  of  the  Albert  Medal  in  1885,  “in 
recognition  of  the  impulse  given  by  him  to  the  pro- 
duction of  artistic  potteiy  in  this  countr)*.”  Another 
personal  distinction  Avhichhe  received  Avas  his  knight- 
hood in  1887. 

Sir  Hemy  Doulton  AA'as  one  of  the  oldest  members 
of  the  Society  of  Arts,  Avhich  he  joined  as  far  back  as 
1851.  He  AA'as  a Member  of  the  Council  from  1877 
to  1880,  1882-1883,  and  1886-1889,  and  a Vice- 
President  from  1890  to  1894.  On  several  occasions 
he  took  the  chair  at  the  meetings  of  the  Society,  and 
frequently  took  part  in  the  discussions. 


Correspondence. 

^ 

THE  LIFE  WORK  OF  THE  LATE  SIR 
HE  NR  Y DOUL  TON, 

May  I be  permitted  to  add  to  the  obituaiy  notice 
of  the  late  Sir  Henry  Doulton  in  this  Aveek’s  Journal, 
some  supplementary  remarks  on  the  great  and,  in 
every  sense,  beneficent  impulse  given  by  bis  personal 
enthusiasm  and  public  spirit  to  the  production  of 
cheap  art  potteiy  in  this  countiy,  by  the  revival  m 
Lambeth,  since  1871,  of  the  manufacture  of  orna- 
mental salt-glazed  stoneAvare,  of  the  kind  Avhich  has 
become  popularly  knoAvn  as  “ Doulton-AA'are,  and, 
since  1873,  of  under-glaze-painted  earthenAvare,  or, 
as  it  is  noAV  distinctively  called  “ Lambeth  Faience. 

The  origin  of  the  potteries  at  Lambeth  can  be 
traced  back  to  the  17  th  century,  Avhen  some  Dutch 
immigrants  settled  in  the  parish,  and  made  it,  Avhat 
it  has  ever  since  remained,  the  vicus  ceramicus,  or 
“ potters’  quarter,”  par  excellence,  of  London.  lhe% 
carried  on  their  art  there  al^ter  the  manner  in  Avhich 
they  had  carried  it  on  for  generations  before  in 


42 


\_Nove?nber  26,  1897. 


JOURNAL  OF  THE 

Holland,  and  so  firmly  rooted  it,  both  in  Lambeth 
and  Fulham,  and,  also,  though  their  success  in  these 
places,  among  the  ancient  tilewrights  of  Staffordshire 
that,  within  100  years,  the  English  manufacture  of 
“Delft,”  or  enamelled  earthenware  had  almost 
entirely  extinguished  that  of  Holland  itself.  Thus 
Macpherson,  in  his  inexhaustible  “Annals  of  Com- 
merce,” writes,  in  1765: — “Formerly  we  all  took 
our  meat  off  plates  made  at  Delft,  in  Holland ; now 
the  Dutch  generally  use  our  Staffordshire  ware.” 

Lambeth  was  indeed  made  altogether  Dutch,  and 
almost  an  architectural  reproduction  of  the  town  of  Delft 
itself,  as  will  be  acknowledged  by  all  who  can  remember 
that  picturesque  line  of  quaint  old  buildings  which  once 
stretched  along  the  Thames  betw^een  the  Archbishop’s 
palace  and  Vauxhall-bridge,  before  it  was  swept 
away  to  make  room  for  the  Albert  Embankment.  The 
Dutch  also  introduced  into  Lambeth  the  manufacture 
of  salt-glazed  stoneware,  w’hich  had  been  known  in 
England,  from  the  middle  of  the  i6th  century,  in  the 
farm  of  old  jars  and  flagons  popularly  called  “ Grey- 
beards ” and  “ Bellarmines.”  The  details  of  their 
decoration  show  them  to  have  remotely  been  of 
Eastern  origin  ; and  our  modern  “ Doulton-ware  ” is, 
through  the  imitation  of  the  early  Dutch  potters  of 
Lambeth,  indirectly  derived  from  them. 

Doulton’s  earliest  artistic  effort  in  salt- glazed 
stoneware  was  the  well-known  “Toby  Jug,”  which, 
modified  from  a Dutch  original,  had  been  made  at 
Lambeth  from  the  earliest  years  of  potting  there, 
and  was  still  the  typical  example  of  “ high  art  ” in 
Lambeth  and  Fulham  down  to  1871.  We  may  laugh 
at  this  homely  old  ale  pot  now,  with  its  disjointed 
ornamentation  of  high-bellied  topers,  windmills,  and 
hounds  and  huntsmen  in  chase  of  a stag,  but  it  will 
always  be  dear  to  us  of  the  passing  generation  from 
its  associations  with  the  days  of  our  youth  ; and  after 
all  it  is  of  an  appropriate  shape  and  a fine  colour, 
and  it  always  has  a better-proportioned  and  better- 
attached  handle  than  is  generally  seen  on  our  later 
modern  English  mugs  and  jugs,  the  handles  of  which 
are  only  too  frequently  undersized,  badly  modelled, 
and  most  carelessly  applied. 

It  was  not,  however,  until  1855,  when  Sir  Henry 
Doulton  had  completed  his  apprenticeship  under  his 
father,  and  began  to  take  a leading  part  in  the 
direction  of  the  firm,  that  the  first  real  and  important 
advance  was  made  in  the  artistic  character  of  the 
work  of  the  Lambeth  Potteries,  by  the  production  of 
terra-cotta  garden  vases,  in  both  red  and  buff  clay  ; 
and  a little  later  attempts  were  made,  on  the  sugges- 
tion of  Mr.  George  Tinworth,  to  apply  incised 
decoration  to  small  salt-glazed  stoneware  articles  for 
all  kinds  of  minor  uses.  Very  little  progress  was, 
how'ever,  made  until  1871,  when  the  collection  of  their 
■work  sent  by  the  Messrs.  Doulton  to  the  Exhibition, 
held  in  that  year,  at  South  Kensington  took  the 
town,  as  it  were,  by  storm.  Her  Majesty  the  Queen 
bought  half  of  the  tall  case  of  “Doulton  ware” 
shewn ; and  this  was  the  beginning  of  the  actual 
trade  in  the  Lambeth  art  pottery. 
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Even  so  far  the  results  were  only  tentative  and 
uncertain.  The  body  of  the  ware  was  still  coarse, 
and  the  only  two  colours  in  use  were  wholly  beyond 
control  in  the  firing.  To  obtain  purity,  brilliance,  and 
variety  of  colour  on  so  coarse  a ground,  and  under 
the  trying  process  of  burning,  was  indeed  no  easy 
task.  But  in  the  end  all  difficulties  were  overcome, 
and  at  the  Vienna  Exhibition  of  1873,  Messrs.  Henry 
Doulton  and  Co.  were  able  to  contribute  a series  of 
examples  of  their  artistic  stoneware  in  the  final 
maturity  of  form  and  incised  sculpture,  in  which  we 
know  it  now.  His  success  encouraged  him  to  under- 
take the  revival  in  Lambeth  of  the  old  local  Dutch 
art  of  underglazed  painting  on  “ biscuit,”  which  in 
the  course  of  150  years  had  become  completely 
naturalised  in  England.  As  in  the  case  of  the 
“ Doulton  ware,”  lady  artists  were  chiefly  employed 
in  the  decoration  of  the  new  Lambeth  faience,  and  by 
1885,  the  last  occasion  on  which  I thoroughly  -went 
into  the  matter,  close  on  400  ladies  were  engaged  in 
this  way  in  the  service  of  the  firm. 

These  particulars  will  give  some  idea  of  the  great- 
ness to  which  “the  Lambeth  Potteries,”  under  the 
administration  of  the  late  Sir  Henry  Doulton,  have 
grown,  and  of  their  importance  as  sustaining  Jthe 
character  and  promoting  the  commerce  of  one  of  the 
greatest  branches  of  British  art  industry.  But  it  is 
not  on  this  account  that  Sir  Henry  Doulton’s  life- 
work  is  chiefly  deser\ing  of  recognition  by  his  con-  , 
temporaries  ; nor  is  it  because  of  the  opening  he  has 
made  for  the  occupation  of  steadily  increased  | 
numbers  of  w'omen  in  a handicraft  in  which  they 
are  so  happily  fitted  by  nature  to  excel,  and 
in  a neighbourhood  where  such  employment  of 
female  labour  had  been  previously  altogether  un- 
known. What  we  are  called  upon  to  honour  in  him 
above  everything  else  is,  in  my  humble  opinion, 
his  sustained  devotion  to  the  principles  on  which  he 
acted  in  organising  the  revival  of  the  old  ceramic 
craft  of  Lambeth,  through  the  fruitful  operation  of 
which  it  has  so  rapidly  assumed  a genuinely  in- 
digenous, and  national — I should  like  to  say  folk — 
type.  These  simple  principles  are  two ; the  first, 
inspired  by  the  love  which  Sir  H enry  Doulton  acquired 
early  in  life  for  the  use  of  the  potter’s  wheel,  being  to 
make,  so  far  as  possible,  every  piece  intended  for 
decoration,  on  the  wheel ; and  the  second,  also 
derived  from  Sir  Henry  Doulton’s  personal  experience, 
to  give  the  utmost  scope  to  the  individuality  of  the 
designer  into  whose  hands  the  piece,  as  throwm  from 
the  wheel,  in  its  soft  state,  is  at  once  passed  for 
decoration.  The  latter  principle  was  altogether  un- 
known, so  far  as  my  reading  goes,  in  modem  English 
commercial  art  until  introduced  into  “ the  Lambeth 
Potteries”  by  Sir  Henry  Doulton.  Previous  manu- 
facturers used  to  retain  the  seiwices  of  a special 
designer,  and  when  he  left  them  the  art  of  their  wares 
departed  with  him,  or  w^as  presen  ed  only  in  weak  and 
degraded  mechanical  reproductions.  But  every  one  of 
the  400 — there  are  more  now  I beheve — artists  of 
“the  Lambeth  Potteries,”  as  I saw  them  in 
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1885,  was  an  independent  designer,  of  more  or 
less  marked  originality,  strongly  racy  of  the  locality, 
and  representing  every  kind  and  degree  of  ability, 
which  in  one  or  two  instances  amounted  to  the 
creative  power  of  the  true  artist.  In  fact  we  may 
say  that  there  are  400  distinct  styles  in  the  Lambeth  art 
pottery,  although  all  are  founded  on  the  teaching  of 
the  Lambeth  School  of  Art,  under  Mr.  John  S])arkes, 
the  most  perfect  draughtsmen  of  strictly  conventional 
floral  decoration  of  our  generation.  Each  artist 
emplo)ed  follows  the  style  he  or  she  naturally 
developes  in  the  practice  of  the  art ; and  all  thus  excel 
according  to  their  capacity,  producing  that  infinite 
variety  of  excellence  which  is  the  sure  criterion  of 
the  spontaneous  character  and  vitality  of  an  art. 
Each  artist  also  signs  his  or  her  own  work,  a 
most  powerful  incentive  to  daily  progress  in  the 
development  of  natural  gifts.  It  is  in  this  way  that 
Sir  Henry  Doulton  succeeded  in  creating  a most 
prolific  school,  or  rather  several  schools,  of  English 
potteiy,  the  influence  of  which  has  been  felt  in  the 
revival  of  the  ceramic  arts  in  all  the  countries  of  the 
Old  World,  where  they  had  become  demoralised 
during  the  past  50  years  by  the  prevailing  use  of 
machineiy  in  their  production. 

The  influence  of  Sir  Henry  Doulton’s  example 
in  the  United  Kingdom  has  been  quite  marvellous, 
this  country  now  producing — and  it  has  all  been  done 
since  1871 — the  most  artistic  commercial  pottery  of 
any  country  in  the  world. 

It  is  on  these  considerations  that  I have  ventured 
to  submit  to  you,  with  no  more  detail  than  is  sufficient 
to  justify  it,  this  statement  of  the  enduring  claims  of 
the  late  Sir  Henr}^  Doulton  to  the  gratitude  and 
reverence  of  his  fellow- counti  junen. 

George  Birdwood, 

India  Office,  19th  November,  1897. 


General  Notes. 

^ 

Imperial  Institute. — Lord  Herschell  will 
preside  at  the  lecture  to  be  given  at  the  Imperial 
Institute  by  Sir  George  Robertson  on  “The  Wild 
Kafirs  of  the  Hindu  Kush,”  on  November  29th,  at 
8.30  p.m.  Members  of  the  Society  of  Arts  will  be 
admitted  if  they  will  fill  up  and  present  one  of  the 
ordinary  tickets  issued  for  the  admission  of  friends  to 
the  Society’s  regular  meetings. 

Russian  Peasantry. — Major  Craigie,  at  the 
last  meeting  of  the  Royal  Statistical  Society,  gave 
a report  of  the  proceedings  of  the  last  (sixth 
biennial)  meeting  of  the  International  Statistical 
Institute,  held  at  St.  Petersburg,  in  August  and 
September  last.  The  Russian  communications  in- 
cluded notices  respecting  the  varied  statistics  con- 
cerning nearly  5,000,000  households  locally  collected 
by  the  Zemstvos,  or  local  councils,  and  respecting  the 


many  changes  which  were  becoming  e\ident  in  the 
condition  of  the  Russian  peasantry.  Special  atten- 
tion was  drawn  to  the  statistics  of  sales  of  land  in  a 
single  year  in  Russia,  which  showed  that  in  twelve 
months  5,646,000  acres  had  been  sold  by  the  nobles, 
and  only  about  half  that  area  repurchased,  something 
like  2,700,000  acres  thus  passing  out  of  the  nobles’ 
hands  into  those  of  peasants  of  various  grades, 
co-operative  associations  of  peasants  and  local 
communes,  as  well  as  purchasers  of  the  merchant 
class.  The  most  interesting  features  of  the  popula- 
tion statistics  related  to  the  proposals  for  a synchron- 
ous census  of  the  different  States  of  the  world  in 
1900,  and  to  the  account,  given  by  M.  Troinitsky, 
of  the  carrying  out  of  the  general  Russian  census  of 
1897,  which  showed  the  population  of  the  empire  to 
have  risen  to  129,000,000. 


MEETINGS  OE  EHE  SOCIETY. 

Ordinary  Meetings. 

December  i.  — “The  American  Bicycle — the 
Theory  and  Practice  of  its  Making.”  By  Prof. 
Leonard  Waldo,  D.Sc.  Sir  Owen  Tudor 
Burne,  G.C.I.E.,  will  preside. 

December  8. — “The  Stockholm  Exhibition  of 
1897.”  By  Bennett  H.  Brough.  The  Right 
Hon.  Sir  Bernhard  Samuelson,  Bart.,  E.R.S., 
will  preside. 

December  15. — “ The  Purification  of  Sewage  by 
Bacteria.”  By  Samuel  Rideal,  D.Sc.  Sir  Douglas 
Gallon,  K.C.B.,  F.R.S.,  will  preside. 

Papers  for  meetings  after  Christmas  : — 

“The  Protection  of  Industrial  Property.”  By 
J.  F.  ISELIN. 

“ The  Projection  of  Luminous  Objects  in  Space.” 
By  Eric  Bruce,  M.A. 

“Aeronautics.”  By  Captain  B.  Baden-Powell. 
“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 

“ The  Recent  History  of  Papennaking.”  By 
Clayton  Beadle. 

“The  Preparation  of  Meat  Extracts.”  By  C.  R. 
Valentine. 

“ Children’s  Sight.”  By  R.  Brudenell  Carter, 

F.R.C.S. 

“ Fireproof  Construction.”  By  Thomas  Potter. 
“Compensation  to  Workmen.”  By  A.  D.  Provand, 

M.P. 

“ The  Production  of  Loav  Temperatures.”  By  Dr. 
Carl  Linde. 

“ The  Cinematograph.”  By  Jules  Fuerst. 

“The  Present  Condition  of  the  Sugar  Industiy.” 
By  T.  R.  Tufnell. 


Indian  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Thursdays,  at  4.30  or 
8 o’clock : — 
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January  20,  February  17,  March  10,  31,  April  28, 

May  19.  

Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  afternoons  at  4.30 
o’clock  : — 

Januaiy  18,  February  15,  March  15,  April  5. 


Applied  Art  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  8 
o’clock : — 

January  25,  February  22,  March  8,  29,  April  26, 
May  17.  ■■ 

Cantor  Lectures. 

The  following  courses  of  Cantor  lectures 
will  be  delivered  on  Monday  evenings,  at 
Eight  o’clock  ; — 

Dr.  Eugene  F.  A.  Obach,  F.I.C.,  F.C.S., 
M.I.E.E.,  Gutta  Percha.”  Three  Lectures. 

Lecture  I. — November  29. 

The  Raw  Material.— -TYt  year  1847 — Early  history 
arnd  the  Society  of  Arts— General  properties  and 
•distinction  from  Caoutchouc — Botanical  derivation 
and  geographical  distribution — Expeditions  in  search 
of  gutta  trees  and  experimental  cultivation — Analysis 
of  particular  specimens  and  of  various  commercial 
brands — Exports  from  Singapore,  imports  into  the 
United  Kingdom  and  fluctuation  of  prices. 

Lecture  II.— December  6. 

The  Cleaning  Processes. — Mechanical  cleaning 
process — Loss  during  mechanical  cleaning — Chemical 
washing  process — Chemical  hardening  process — Ex- 
traction from  raw  material  and  from  leaves  by  means 
of  solvents — Advantages  and  disadvantages  of  the 
different  processes — Natural  substitutes  for  gutta 
percha. 

Lecture  III. — December  13. 

The  Clean  Material.  — Chemical  composition, 
'mechanical  and  electrical  properties — Application  for 
various  technical  purposes — Use  of  hardened  gutta 
percha  for  golf  balls — Absorption  of  oxygen  and 
behaviour  towards  ozone — Deterioration  and  pre- 
servation— Artificial  substitutes  for  gutta  percha — 
Concluding  remarks. 

Cyril  Davenport,  “ Decorative  Book- 
binding.” Three  Lectures. 

January  24,  31,  February'  7. 

Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

February  14,  21,  28,  March  7. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.” 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “India  Rubber.” 
Two  Lectures. 

April  18,  25. 


Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 

Juvenile  Lectures. 

Two  Lectures,  suitable  for  a Juvenile 
audience,  will  be  delivered  on  Wednesday 
evenings,  the  5th  and  12th  of  January,  at 
Seven  p.m.,  by  William  Ramsay,  Ph.D., 
F.R.S.,  on  “ Fire.” 


MEETINGS  EOR  THE  ENSUING  WEEK. 

Monday,  Nov.  29  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
Eugene  F.  A.  Obach,  “Gutta  Percha.”  (Lec- 
ture I. — “The  Raw  IMaterial.”) 

Imperial  Institute,  South  Kensington,  8J  p.m.  Sir 
George  Scott  Robertson,  “ The  Wild  Kafirs  of  the 
Hindu  Kush.” 

Actuaries,  Staples-inn-hall,  Holborn,  7 pm. 

London  Institution,  Finsburj'-circus,  E.C.,  5 p.m. 
Mr.  W.  Wallis,  “ The  Pre-Raphaelite  Art  of  Sir 
John  Millais.” 

Tuesday,  Nov.  30.. ..Civil  Engineers,  25,  Great  George- 
street,  S.W.,  8 p.m.,  IMessrs.  Hugh  L.  Callendar 
and  John  T.  Nicolson,  “The  Law  of  Condensation 
of  Steam.” 

Royal  Society,  Burlington-house,  W.,  4 p.m. 
Anniversary-. 

Zoological,  3,  Hanover-square,  W.,  8|  p.m.  i.  ^Ir. 
H.  H.  Brindley,  “ Regeneration  of  the  Legs  in  the 
Blattidce.'’'  2.  Mr.  G.  A.  Boulenger,  (i.)  “A 
Gigantic  Sea-Perch  [Stei-eolepis  gigas).”  (ii.) 
“Description  of  a new  Tortoise  of  the  Genus 
Ste7-7iothcer2iS.  3.  Mr.  F.  V.  Kirby,  “ Remarks 
upon  a Mountain  Reedbuck  from  the  Eastern 
Transvaal.” 

Wednesday,  Dec.  i.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Prof.  Leonard  Waldo, 
“ The  American  Bicycle  : the  Theory  and  Practice 
of  its  making.” 

Geological,  Burlington-house,  W.,  8 p.m. 

Entomological,  ii,  Chandos-strret,  W.,  7 p.m. 

Archaeological  Association,  32,  Sackville- street,  W., 
8 p.m. 

Obstetrical,  20,  Hanover-square,  W.,  8 p.m. 

Thursday,  DEC.2...Antiquaries,Burlington-house,W.,  8^  p.m. 

Linnean,  Burlington-house,  W.,  8 p.m.  i.  Prof. 
Arthur  Dendy,  “ The  Anatomy  of  Cat4di7ia 
co7-iaceai"  2.  Messrs.  W.  West  and  G.  S.  West, 
“Some  Desmids  from  the  L'nited  States.”  3. 
Exhibitions  : (i)  Prof.  J.  B.  Farmer,  Specimens  of 
Galls  of  Cecidomya ; (ii)  Mr.  Martin  Woodward, 
an  Egg  of  Echid7ia. 

Chemical,  Burlington  - house,  W.,  8 p.m.  Dr.  F. 
E.  Matthews,  “ Collies’  Space  Formula.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Prof.  Silvanus  P.  Thompson,  “ Signalling  across 
Space.” 

Friday,  Dec.  3. ..Civil  Engineers,  25,  Great  George-sfreet, 
S.W.,  8 p.m.  Mr.  Grote  Stirling,  “Permanent 
Way  ; its  Construction  and  Relaying.” 

Geologists’  Association,  L^niversity  College,  W.C., 
8 p.m.  Rev.  Dr.  A.  Ir\-ing,  “ Notes  on  the  Geology 
of  the  Stort  Valley  (Herts  and  Essex),  with  Special 
Reference  to  the  Plateau  Gravels.” 

Quekett  Microscopical  Club,  20,  Hanover-square, 
W.,  8 p.m. 

Saturday,  Dec.  4.. .Holloway  College  (at  the  House  of  the 
Society  of  Arts),  ii|  a.m.  Conference. 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  fohn-street,  Adelphi,  London,  IV .C. 


Notices. 


CANTOR  LECTURES. 

On  Monday  evening',  November  29,  Dr. 
Eugene  Obach,  F.C.S.,  delivered  the  first 
lectures  of  his  course  on  “ Gutta  Percha.” 
The  lectures  will  be  published  in  the  '^uurnal 
during  the  Christmas  recess. 


APPLIED  ART  SEC  HON. 

A meeting  of  the  Committee  of  the  Applied 
Art  Section  was  held  Wednesday  afternoon,  ist 
inst.  Present: — Sir  Geo.  Birdwood,  K.C.I.E., 
C.S.I. ; C.  Purdon  Clarke,  C.I.E.,  Alan  S.  Cole, 
Lewis  F.  Day,  I.  Hunter  Donaldson,  W.  Gow- 
land,  Lasenby  Liberty,  J.  Hungerford  Pollen, 
Vincent  J.  Robinson,  C.I.E.,  John  Sparkes, 
and  William  L.  Thomas,  with  Sir  Henry 
Trueman  Wood,  Secretary  of  the  Society,  and 
Henry  B.  Wheatley,  Secretary  of  the  Section. 


Proceedings  of  the  Society. 

♦ 

THIRD  ORDINARY  MEETING. 

Wednesday,  December  i,  1897;  Major-Gen. 
Sir  Owen  Tudor  Burne,  G.C.I.E.,  K.C.S.I., 
Chairman  of  the  Council,  in  the  chair. 

The  following  cadidates  were  proposed  for 
election  as  members  of  the  Society;  — 

Mehta,  R.  D.,  C.I.E.,  55,  Canning-street,  Calcutta 
Milnes,  "William  Henr)%  56,  Croftdown-road,  N.W. 
Morton,  George  Arthur,  22,  Ridley-villas,  Newcastle- 
on-Tyne 

Penton,  Edward,  i,  Mortimer-street,  "W. 

Stansfield,  Alfred,  B.Sc.,  Aldersyde,  Hainault-rcad, 
Leytonstone,  E. 

Steam,  Charles  Henry,  Avcca-lodge,  Branstonc-rcad, 
Kew-gardens 

Steel,  Fred  W.,  Tamunua,  Navua-river,  Fiji 
Whitlcck,  Alfred  Allen,  Park-street,  Dover 
Woods,  Henry,  A.R.A.,  Venice 


The  following  candidates  were  balloted  for 

and  duly  elected  Members  of  the  Society  : — 

Allen,  Herbert  J.,  care  of  Messrs.  Mowlem  and  Co., 
City  and  South  London  Railway,  7,  Dcnman- 
strcct,  T.ondon  Bridge,  S.E. 

Alton,  James  I’oe,  Elim,  Grosvenor-road,  Dublin. 

Ansell,  Hubert,  75,  Lombard-street,  E.C. 

Baird,  Sir  Alexander,  Bart.,  Urie,  .Stonehaven,  X.B. 

Barr,  John,  Dinting,  near  Manchester. 

Banatt,  James,  care  of  Messrs.  Baxter  and  .Sadler, 
14,  Market-buildings,  Flinders-lane,  Melbourne, 
Victoria. 

Beach,  Alfred  Edward,  Toddington,  Winchcombe. 

Birdwood,  Herbert  Mills,  C..S.I.,  52,  .Stanhoj  e- 

gardens,  Queen’s-gate,  .S.W. 

Boyd,  Rev.  Henry,  D.D.,  Hertford  College,  Oxford. 

Braby,  Newton,  Bushcy-lodge,  I'eddington. 

Bunting,  W.  Lightfoot,  Quarry-hill,  Accrington. 

Burton,  William,  The  Hollies,  Clifton-junction,  near 
Manchester. 

Busk,  Stephen,  30,  Upper  Brook-street,  W. 

Carter,  W.  T.,  10,  Hare-street,  Calcutta. 

Dale,  Charles  James,  Denby,  Haslemere-road,  Crouch- 
hill,  N. 

Dalton,  Rowland  Neale,  Hillside,  Lindfield-gardcns, 
Hampstead,  N.W. 

Darbishire,  William  Arthur,  D.L.,  J.P.,  Penybryn, 
Carnarvon. 

Deas,  Cairns,  7,  Hastings-street,  Calcutta. 

DeBavay,  Aug.,  Foster  Brewery,  Cobingv.ood,  Mel- 
bourne, Victoria. 

Dickinson,  William,  Sunny-mount,  Guildford. 

Diefenbach,  J.  von,  Stuttgart,  Wurtemburg. 

Durand,  H.  E.  Sir  Henry  Mortimer,  K.C..S.L, 
K.C.T.E.,  Tehran,  Persia. 

Fanta,  P'erdinand,  97,  Queen  Victoria-street,  E.C. 

Ferguson,  William  Bates,  M.A.,  3,  Plowden-build- 
ings.  Temple,  E.C. 

Ferrand,  Surgeon  Lieut. -Colonel  Edward,  M.D., 
Bherampore,  Madras. 

Field,  William,  M.P.,  Blackrock,  Co.  Dublin. 

Fields-Clarke,  George  Thomas,  Southill-park,  Biggles- 
wade. 

Finney,  .S.,  E.B.S.  Railway,  Sealdat,  Calcutta. 

Fitch,  Frederick  George,  Pines,  Enfield. 

Ford,  Robert  Thomas,  Sunbeams,  Windermeie. 

Francis,  Harry,  Waterworks  offices,  Devonport. 

Franklin,  L.,  19,  Gower-street,  W.C. 

Garnett,  Professor  William,  Technical  Education 
Board,  London  County  Council,  St.  Martin's-j  lace, 
W.C. 

Gaster,  Leon,  37,  Maida-vale,  W. 

Gill,  Francis  N.  G.,  care  of  IMessrs.  Binney  and  Co., 
Madras. 

Gout,  George,  Beilby-house,  Cleethcrj  es,  Lincoln- 
shire. 

Hacking,  AVilliam  Henry,  The  Cir.nge,  Claelcn-lc- 
Moors,  near  Accrington. 

Halliwell,  Edward,  Alexanclra  crcrccr.t,  Dcwjbury. 

Hanks,  Louis,  39,  Eciners-sticet,  W.,  and  18,  L\n- 
mark-road,  Ealing  Dean,  Vh 
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Harral,  Horace,  Harris’s  Hotel,  Queen-square,  Bath, 
and  Union  Bank,  Chancery-lane,  W.C. 

Harris,  Frederick  William,  81,  Gracechurch-street, 

E.C. 

Han  ey,  Francis  G.,  care  of  Messrs.  A.  W.  Perot  and 
Co.,  Georgetown,  British  Guiana. 

Hodgson,  Hon.  H.  Perceval,  Kullakamby,  Nilgiris, 
Madras  Presidency. 

Hodson,  William,  7,  Finsbury-square,  E.C.,  and 
Ecclesfield,  Seven  Sisters’-road,  N. 

Holliday,  Thomas,  Lunnclough-hall,  Huddersfield. 

Hoy,  Peter,  7,  Park-place,  Clarence-gate,  N.W. 

Hughes,  W.,  Chepak,  Madras. 

Ingram,  Frederick  William,  237,  Wal worth-road,  S.E. 

Johnston,  Alexander  R.,  370,  North  Woodside-road, 
Glasgow. 

Lacey,  Joseph  Melville,  Berampur,  Ganjam,  Madras. 

Latham,  William,  M.A.,  Q.C.,  ii,  New-square,  Lin- 
coln’s-inn,  W.C.,  and  36A,  Rosaiy-gardens,  S.W. 

Law,  James,  Lieut.  R.E.,  Stanley-house,  Farnborough, 
Hants. 

Lawson,  Robert,  133,  Stephen’s  Green,  Dublin. 

Lethbridge,  Alfred  Ernest,  Russell-buildings,  Frank- 
fort-strcet,  Plymouth. 

Lumb,  Tom  Gallon,  Newton-hall,  Poulton-le-Fylde. 

Lundholm,  Carl  Olof,  Stevenston,  Ayrshire,  N.B. 

Lyell,  David,  West-park,  Chesterfield,  Derbyshire. 

Mabey,  Frederick  Oscar,  196,  Amhurst-road,  Hack- 
ney, N. 

Martyn,  Thomas  Graham,  ii,  Stratton-terrace,  Truro, 
Cornwall. 

Mayson,  C.  M.,  7,  Scotch-street,  Whitehaven. 

ISIiiller,  Henry  A.  C.,  Keugtung,  S.  Shan  States. 

Neal,  Robert  Henry  Bennett,  Central  Exchange, 
Plymouth. 

O’Dwyer,  Michael  Francis,  I.C.S.,  Alwor,  Rajputana, 
India. 

Oliver,  Professor  Thomas,  M.D.,  7,  Ellison-place, 
Newcastle-on-Tyne. 

Paget,  Clarence  George,  Guildford-house,  London- 
road,  Croydon. 

Pearce,  James  Edward,  Craufurd,  Maidenhead. 

Peck,  Herbert  Edgar,  65,  South  Molton-street,  W. 

Phillips,  John  Henley  Shawe,  33,  Bridge-avenue, 
Hammersmith,  W. 

Pilley,  Thomas  William,  33,  Grove-hill-road,  Den- 
mark-hill,  S.E. 

Purvis,  Peregrine,  The  Cedars,  Winchmore-hill,  N. 

Robinson,  J.  Clifton,  Pasedena,  345,  Goldhawk-road, 
Shepherd’s-bush,  W. 

Scott,  Harry,  3,  Brixton-hill,  S.W. 

Sherwin,  H.  H.,  Waddesdon,  Aylesbury, 

Shurmur,  William,  4,  Prospect-hill,  Walthamstow, 
Essex. 

Simpson,  E.  Graham,  99,  St.  Martin’s-lane,  W.C. 

Smith,  George  Williams,  29,  St.  George’s-road, 
Eccleston-square,  S.W. 

Sperati,  Guiseppe  E.,  Rosa  Alba-house,  Highbury- 
park,  N. 

Stevens,  Benjamin  Franklin,  4,  Trafalgar-square,W.C. 

Stewart,  Jeffrey,  35,  Argyle-road,  Ilford,  Essex. 


Sykes,  Joseph  Charles,  15,  Vemon-road,  Clapham, 

S.W. 

Sykes,  Captain  P.  Molesworth,  Elcombs,  Lyndhurst, 
Hants. 

Tate,  Henry,  Park-hill,  Streatham  common,  S.W. 
Thomason,  William,  junr.,  162,  Elms-road,  Clapham- 
park,  S.W. 

Tremearne,  Shirley,  8,  Old  Court-house-street,  Cal- 
cutta. 

Triana,  Santiago  Perez,  96  and  98,  Leadcnhall- 
street,  E.C. 

Vaughan,  J.,  16,  Manville-road,  Tooting,  S.W. 

Verel,  William  Aristides,  Fairholm,  Larkhall,  N.B. 
Wade,  James  L.,  28,  West  Kensington-gardens,  W. 
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The  paper  read  was— 

THE  AMERICAN  BICYCLE  : ITS  THEORY  j 
AND  PRACTICE  OF  CONSTRUCTION.  ! 

By  Leonard  Waldo,  D.Sc.  (Harv.) 

Over  the  portals  of  a great  nation  are  written  i 
in  armaments  of  steel  the  words  DieiL  et  man  j ' 
droit.  Enshrined  in  the  hearts  of  another  great  ! 
nation  and  crystallised  from  the  furnace  of  war 
are  those  other  words  E A luribus  umcni.  The 
one  sentiment  has  built  an  industrial  condition 
founded  on  the  growth  of  the  individual 
mechanic,  whose  personal  handiwork  should 
remain  a large  part  of  the  value  to  be  sold  in 
England’s  products  to  the  rest  of  the  world, 
whilst  the  second  sentiment  has  led  where 
possible  to  the  abdication  of  the  direct  result  of 
hand  labour,  and  has  sought  for  the  magnifica- 
tion of  such  labour  by  the  substitution  of  the 
automatic  machine,  whose  intelligence  is  that 
of  the  single  man,  but  whose  output  is  that  of  a 
hundred  men  working  with  untired  muscle  and 
ever-fresh  brains.  Eleven  years  ago,  and  before 
an  equally  distinguished  audience  in  this  hall, 
we  considered  the  application  of  machinery 
to  the  piece-making  of  watches  according  to  - 
what  was  then  known  as  the  American  plan  ; I . 
to-night  we  shall  consider  an  application  of  the 
same  system,  but  in  a larger  field  of 
engineering. 
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We  are  apt  to  mistake  the  true  relation  of 
the  bicycle  to  the  human  economy.  There  are 
two  broad  channels  through  which  human 
efficiency  becomes  available,  one  by  utilising 
energy  exterior  to  ourselves,  as  in  the  driven 
horse  or  the  water  power  at  Niagara  ; and  the 
other  where  the  entire  energy  is  derived  from 
the  human  frame,  and  is  made  skilful  and 
useful  without  magnification,  but  with  an 
economy  for  the  direct  object  in  view,  which  is 
proportioned  to  the  energy  which  can  be  saved 
from  apparently  necessarily  connected  and 
attendant  operations.  If  a man  can  move 
without  the  loss  of  energy  of  lifting  and 
stopping  his  feet  at  each  step,  he  has  gained 
an  important  economy  of  energy. 

Now  man  is  profoundly  interested  in  any- 
thing which  is  strongly  individual,  and  which 
is  a virtual  extension  of  his  own  powers.  The 
Tourte  bow  is  none  too  good  for  the  violinist. 
The  utmost  care  is  given  to  the  shape  of  the 
sculler’s  oar.  A half  ounce  addition  is  destruc- 
tive to  an  individual  tennis-racquet. 

It  is  this  principle  of  individuality  which 
separates  the  skate  and  the  bicycle  from  all 
other  means  of  transportation.  No  energy  is 
added,  none  can  be  added.  The  chemical 
energy  of  digesting  and,  therefore,  combusting 
food,  is  absolutely  all  there  is,  and  yet  the 
man  moves  with  the  speed  of  the  railway 
express.  Is  it  a wonder  that  with  the  rapid 
passing  of  the  contrivance  and  toy  to  the 
splendid  machine  of  1898,  in  which  is  incar- 
nate the  highest  state  of  the  art  in  every 
single  mechanical  procedure  involved  in  its 
production,  there  should  be  a history  of 
mechanics  for  the  period  concerned  ? 

See  the  first  safety — whether  tinkered  by  the 
Scotch  cooper,  Gavin  Dalzell  of  Lesmahagow 
in  1846,  or  made  earlier  by  McMillan  of  Court- 
hill  and  Dumfries,  I know  not — certain  it  is 
that  the  low  wheels,  the  front-steering,  the 
back-driving,  the  mud-guard  are  all  in  it — ■ 
everything  but  that  other  name  for  a portable 
good  road,  the  pneumatic  tire. 

What  fun  old  Dalzell  had  with  his  machine  ! 
The  royal  mail  coach  was  pledged  to  its  ten 
miles  an  hour,  and,  when  it  lumbered  into 
sight,  out  Dalzell  would  get  with  his  machine, 
and  before,  behind,  would  go  cavorting, 
rousing  the  horses  to  trembling  fear  and  the 
passengers  to  excited  bets  as  to  which  could 
win,  then  disappearing  in  the  roadway  ahead 
to  the  consternation  and  disgust  of  every  one 
but  Dalzell.  Good  oak,  good  sense,  what  we 
should  now  call  weak  iron  and  honest  work 
W’ent  into  this  first  safety ; but  after  it  came  an 


evolution  of  bicycle  distortion  compared  to 
which  the  evolution  which  led  to  the  me- 
gatherium was  a continued  line  of  grace  and 
beauty.  I cannot  go  into  this  in  an  evening’s 
paper,  for  it  is  the  present  we  have  much  with 
us  in  the  bicycle,  and  the  history  is  in  the 
books ; especially  in  that  most  excellent  of  all 
books  by  Mr.  Archibald  Sharp,  against  which 
an  American  might  file  the  complaint  of  scant 
attention  to  the  American  wheel. 

I.et  us  now  enter  upon  the  more  technical 
ground  of  considering  along  what  lines  the 
manufacture  of  the  bicycle  must  lie,  and 
first  how  are  scientific  measures  to  be  made 
which  shall  allow  the  constructor  to  express  in 
exact  numbers  the  progress  he  is  able  to  make 
toward  all  the  perfection  which  the  state  of  the 
art  allows  in  the  individual  parts.  We  are 
accustomed  to  think  of  the  locomotive  as  a high 
expression  of  mechanical  art ; there  is  not  a 
single  part  of  the  locomotive  which  has  any- 
thing like  the  care  in  the  selection  of  materials 
and  the  crucial  testing  which  is  given  to  the 
bicycle.  The  locomotive  may  be  honeycombed 
with  castings  about  its  various  parts.  It  is  the 
fundamental  axiom  of  the  best  American  bi- 
cycle construction  that  every  single  piece  is 
forged  hot  or  drawn  cold.  The  carbon  and 
phosphorus  of  the  steel  in  locomotives  may 
vary  within  wide  limits ; in  the  bicycle  the 
variation  is  small,  and  the  steel  is  transformed 
into  another  and  and  much  stronger  steel  by 
the  addition  of  5 per  cent,  of  nickel.  In  the 
locomotive  the  tubular  construction  may  be 
irregular  as  to  size,  and  drawn  by  regular 
draw  bench  methods.  In  the  bicycle  nickel 
steel  tubing  must  be  cupped  up  from  the  disc 
and  drawn  by  special  hydraulic  presses  of 
enormous  strength  and  exquisite  precision. 

It  is  not  as  an  assemblage  of  parts  that  we 
must  finally  regard  the  bicycle.  Like  the 
violin  it  is  as  an  organic  whole,  under  live 
tension,  ready  to  answer  the  slightest  muscular 
call,  that  it  must  be  considered.  The  testing 
department,  therefore,  first  regards  the  materials 
of  construction,  and  then  the  machine  as  a 
whole.  In  our  illustrations  we  shall  see  the 
successive  stages  of  the  preparation  of  nickel 
steel  tubes.  We  have  in  such  tubes  the 
maxima  of  resistance  to  bending  and  breaking 
and  crystallization  under  continued  jar,  with 
the  minima  of  weight  ; but  to  reach  this  con- 
clusion many  thousands  of  tests  of  materials  of 
all  kinds  had  to  be  made. 

Begin  with  the  very  tempting  metal,  alu- 
minium. Pure,  in  drawn  tubes,  it  has  the  specific 
gravity  of  27,  while  steel  has  7-9,  so  that  an 
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aluminium  tube  weiohs  but  one-third  of  the 
same  sized  steel  tube.  Its  strength,  soft- 
drawn,  does  not  much  exceed  20,000  lbs.  per 
square  inch,  under  most  favourable  circum- 
stances, and  this  might  be  improved  by  the 
addition  of  something  less  than  5 per  cent,  of 
nickel  or  copper.  Unfortunately,  however,  the 
metals  of  the  aluminium  class  have  no  well 
defined  elastic  limit.  When  a strain  which 
may  not  be  one  quarter  of  the  ultimate  breaking 
strain  is  applied,  the  metal  begins  to  stretch, 
and  does  not  wholly  recover  when  the  strain 
is  removed.  Now  let  us  approximate,  for  the 
purpose  of  comparison,  by  assuming  that  an 
aluminium-nickel  alloy  tube  can  be  made, 
which,  in  its  soft  and  annealed  state  will  stand 
10,000  lbs.  per  sq.  inch  without  stretch  or  set, 
it  would  have  three  times  the  bulk  and 
clumsiness  of  the  nickel-steel  tube,  and  not 
one- half,  probably  not  one-quarter  the  resist- 
ance to  deformation  or  set  under  strain,  even 
it  were  the  same  weight  as  steel.  If  the  use 
of  aluminium  is  advocated  to  lighten  the 
frame,  and  sizes  approaching  those  of  steel 
tubes  are  used,  then  the  comparison  is  still 
more  untavourable,  so  that  the  aluminium-nickel 
taken  may  have  only  one  sixth  or  even  one- 
tenth  of  the  resistance  of  the  nickel  steel. 
One  point  must  constantly  be  borne  in  mind 
in  thinking  of  the  material  to  be  used  in  bicycle 
frames.  It  must  all  be  reduced  to  the  soft  or 
annealed  state.  The  frames  have  to  be  assem- 
bled and  brased  at  their  joints.  If  the  tubes 
are  hard,  the  heat  of  brasing  anneals  them  at 
such  joints,  and  the  frame  is  unequally  strong 
throughout.  If  the  attempt  is  made  to^assemble 
the  frame  by  screw  joints,  without  heat,  then 
it  is  only  a question  of  time  for  the  racking  of 
the  frame  in  one  to  start  the  threaded  joints 
and  render  the  whole  frame  less  taut.  Thus 
nickel-steel  tubing  is  drawn  in  the  tube  depart- 
ment of  the  Pope  works  at  Hartford,  which 
sometimes  reaches  the  enormously  high  tensile 
strength  of  250,000  lbs.  per  square  inch  in  its 
hard  state,  and  to  a certainty  of  gauge  not 
exceeding  a variation  of  5 per  cent,  from  the 
gauge  thickness.  With  such  a strength  the 
present  ordinary  steel  frame  could  be  one- 
sixth  its  present  weight,  but  it  would  not  be 
good  practice  to  so  make  it.  The  tube  is 
immediately  brought  to  a condition  known 
among  metal  workers  as  that  of  “ dead  soft,” 
/.c.,  as  free  from  any  temper  as  possible,  and 
so  that  no  further  change  can  take  place  when 
the  tubes  are  heated  in  brasing. 

There  is  another  reason  for  this,  and  one 
which  reaches  into  the  molecular  physics  of 


steel.  One  of  the  usual  tests  for  steel  tubes 
at  the  works  mentioned  is  to  clamp  one  end 
of  a tube,  which  may  be  two  or  three  feet 
long,  in  a rapidly  driven  lathe  chuck,  and 
leave  the  ether  end  free  to  turn  on  a fixed 
dead  centre.  A strong  pressure  by  a rolling 
wheel  is  brought  against  one  side  of  the  tube 
at  its  middle  and  securely  clamped,  so  that 
at  every  revolution  of  the  tube  it  must  bend 
at  its  middle  point.  Steam  power  is  then 
applied,  and  the  number  of  hundred  thousand 
turns,  and  consequent  bends  which  the  tube 
will  stand  before  breaking  is  noted  by  auto- 
matic counters.  This  number  is  an  indication 
of  the  fatigue,  the  jars,  and  checks  the  metal 
will  undergo  without  taking  a set  or  breaking. 
A somewhat  similar  method  of  torture  is 
applied  to  the  whole  frame  of  the  bicycle 
after  the  parts  have  been  brased  together. 
In  this  latter  case  the  base  of  the  frame  is 
securely  clamped,  as  we  shall  see  in  our 
illustrations  later  in  the  evening,  and  a twist- 
ing around  a circle  motion  given  to  the  free 
top  of  the  frame  by  steam  power,  so  that  it 
is  racked  in  every  direction.  Here  too,  the 
number  of  twists  the  whole  frame  stands  is 
automatically  recorded. 

If  the  large  class  of  bicycle  riders  who  firmly 
believe  that  a bicycle  is  a thing  animate, 
possessing  a disposition  and  an  obstinacy 
peculiarly  of  its  own,  should  form  a society  for 
the  prevention  of  cruelty  to  bicycles,  there  is 
no  such  field  in  existence  as  the  testing  depart- 
ment of  the  bicycle  company  named,  under  its 
chief  inquisitor,  the  engineer  of  tests,  Mr.  Henry 
Soucher.  Not  a bicycle  which  enters  that 
domain  lives  to  tell  the  tale.  Not  only  are  the 
individual  parts  racked  and  pulled  with  a 
knowledge  of  metallurgical  anatomy,  but  the 
completed  machine  is  clamped  against  a spring 
to  a rigid  frame,  and  then  two  rotating  wheels 
with  projecting  blocks  ia  their  circumferences 
are  brought  directly  under  and  against  the 
wheels  of  the  bicycle  to  be  tested.  Steam 
power,  again  applied,  gives  the  bicycle  wheels 
the  continuously  repeated  hammering  of  the 
rapidly-turning  lower  wheels  with  the  projecting 
blocks.  The  roughest  cobblestone  pavement 
under  the  speeding  machine  of  the  scorcher  is 
very  mild  treatment  in  comparison  with  this 
roughest  of  roads  fast  driven  under  the  spring- 
loaded  bicycle.  Here,  too,  the  hundreds  of 
miles  and  corresponding  revolutions  are 
automatically  registered  to  the  destructive 
point  of  the  weakest  part  of  the  wheel. 

Once,  in  going  through  the  splendid  testing 
laboratory  of  McGill  University  in  Montreal, 
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II  heard  the  late  Eckley  B.  Coxe,  one  of  the 
most  loveable  and  brightest  of  our  American 
engineers,  say:  “ Why  do  we  always  test  small 
j parts  of  bridges  and  machines  ? Why  don’t 
i we  build  an  entire  bridge  truss,  and  then  break 
I it  down — or  test  the  shaft  of  a steamship  at 
I full  size?”  He  had  in  mind  that  no  metal 
1 construction  can  grow  from  the  small  to  the 
I large  state  with  all  of  its  section  strengths 
ur changed. 

The  test  bar,  half-an-inch  in  diameter,  gives 
a far  more  favourable  indication  of  strength 
than  a bar  cut  from  the  solid  part  of  a 
full-sized  casting  weighing  tons,  of  the 
' same  material.  It  is  important  that  the 
I strength  of  the  whole  be  known  and  deter- 
mined, and  it  is  only  possible  to  do  this  by 
regarding  the  bicycle  as  a unit  and  testing 
the  assembled  machine  to  destruction.  This 
is  the  theory  and  also  the  practice  of  our 
greatest  company,  not  only  witn  reference  to 
their  own  construction,  but,  for  comparative 
I knowledge,  with  reference  to  such  forms  as 
may  be  prepared  by  others. 

I Besides  a system  of  tests  which  shall  indicate 
necessities  of  the  strengthening  of  parts  so 
that  the  factor  of  safety  may  be  the  same 
throughout  the  bicycle,  there  is  another  system 
of  tests  having  in  view  a totally  different 
purpose,  namely,  the  loss  of  work  and  energy 
which  occurs  in  the  bicycle  under  its  normal 
load,  and  meeting  a varying  resistance  at 
varying  speeds.  shall  see  later  upon  the 

screen  photographs  of  the  beautifully  accurate 
Webb  floating  dynamometers,  built  for  the  de- 
ll partment  of  trade  of  the  Pope  Manufacturing 
Company,  by  which  Professor  Denton,  of  the 
Stevens  Institute  of  Technology,  has  made 
the  first  valuable  contribution  to  our  knowledge 
of  the  actual  efficiency  of  types  of  bicycles.* 
There  appeared  at  the  last  (Hartford)  meeting 
of  the  American  Society  of  Mechanical  En- 
gineers papers  on  and  a discussion  of  the 
efficiency  of  bicycles,  and  these  papers, 
together  with  Professor  Denton’s,  must  be 
taken  as  the  beginning  of  our  technical  special 
investigations  into  the  energy  economies  of 
the  bicycle.  Professor  Denton’s  curves 
showing  for  varying  foot-pounds  of  energy 
delivered  to  the  bicycle  crank,  and  for  varying 
foot-pounds  of  resisting  energy  put  on  the 
brake,  and  which  represents  the  resistance  to  be 
overcome  by  the  rider  under  varying  conditions, 
are  in  these  diagrams  correlated  to  the  curve 
of  efficiency,  which  shows  the  per  cent,  of  the 
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total  energy  exerted  by  the  rider,  which  is 
utilised  in  moving  the  bicycle  forward.  So 
much  interest  has  been  roused  by  the  final 
success  in  building  automatic  gear-cutting 
machinery,  so  that  the  direct-geared  bicycle  is 
now  permanently  in  the  certainties  of  American 
manufacture,  that  I quote  you  the  results  of 
Professor  Denton’s  investigations,  referring 
you  to  the  published  paper  for  its  details.  He 
says  : — - 

“ The  results  of  the  investij^ation  show  that  both 
the  Columbia  chainless  wheel  and  the  Columbia  chain 
wheel  wastes  in  its  propellin;r  mechanism  from  about 
15  per  cent,  at  high  sj)eed  (30  miles  j)cr  hour),  and  on 
low  grades  to  7 jier  cent,  at  moderate  speeds  (13 
miles  per  hour),  and  on  heavy  grades  of  the  j)ower 
applied  at  the  cranks  by  a rider  weighing  about  180 
pounds,  provided  the  chain  of  the  chain  wheel  is 
cleaned  and  well  lubricated. 

“ Any  difference  of  efficiency  of  the  two  styles  f)f 
propelling  mechanism  with  a clean,  lubricated  chain 
is  equalled  by  the  difference  liable  to  exist  in  the 
power  absorbed  by  two  tires  of  the  same  grade,  which 
is  about  I per  cent,  of  the  average  power  exj^ended  by 
a rider. 

“It  is  probable  that  the  efficiency  shown  by  the 
chainless  wheels  in  the  tests  will  be  maintained  for 
long  periods  of  road  use  without  any  cleaning  or 
lubrication  of  the  mechanism,  but  the  efficiency  of  the 
chain  wheels,  after  a short  road  use,  may  be  con- 
siderably less  than  that  shown  by  the  te.ds  by  the 
soiling  of  the  chain. 

“The  tests  of  other  makes  of  chainless  wheels 
show  that  differences  in  the  power  wasted  by  different 
constructions  of  tire  and  by  lack  of  ])roper  stiffness  ot 
frame,  combined  with  an  arrangement  of  the  gears 
whose  efficiency  is  affected  by  the  distortion  of  the 
frame  by  crank  thrust,  may  make  the  waste  of  i)ower 
reach  50  per  cent,  of  the  energy  applied  to  some 
chainless  wheels  at  high  speeds  on  low  grades.” 

I have  gone  thus  at  some  length  into  the 
forms  of  testing  in  the  typical  and  greatest  of 
our  American  works,  because  if  a knowledge 
of  facts  is  the  foundation  of  science,  it  is 
especially  the  foundation  of  bicw'cle  structure; 
and  the  art  is  too  new  to  have  a literature  or 
established  traditions. 

The  next  thing  after  the  laboratory  deter- 
minations have  furnished  the  data  for  construc- 
tion, is  the  field  trial.  This  is  done  with  the 
most  careful  system.  Paid  riders,  with  marked 
routes  and  blank  reports  to  be  filled  out  in 
minute  detail,  are  despatched  in  all  kinds  of 
weather  and  ov^er  all  kinds  of  roads.  On  the 
screen  we  shall  see  later  two  such  riders  who 
have  just  come  in,  one  on  a chainless  ^^heel, 
and  the  other  with  a chain  wheel,  both  over 
the  same  rainy,  muddy,  sandy  in  parts,  and 
hilly  route,  h'rom  these  reports,  which  are 
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endorsed  by  inspectors  in  distant  towns,  the 
opinion  is  formed  as  to  the  wisdom  of  construc- 
tions planned  or  new  things  to  be  attempted. 
Single  wheels  embodying  some  special  idea  are 
thus  ridden  as  much  as  15,000  miles  under 
different  riders,  with  an  accurate  register  of 
every  mishap. 

One  other  point  ought  to  be  mentioned  in 
this  connection,  something  which  for  a better 
name  may  be  called  the  democratic  council. 

At  least  once  in  every  day,  and  sometimes 
many  times  in  a day,  the  ubiquitous  inventor 
appears.  It  may  be  the  man  who  is  prepared 
to  prove  that  he  takes  out  four  times  the 
energy  he  puts  in,  by  his  particular  con- 
trivance, or  it  may  be  a thing  of  merit.  What- 
ever it  is,  if  it  is  endorsed  on  a preliminary 
examination  it  is  fully  discussed  in  a public 
meeting  of  riders,  salesmen,  and  general 
officers,  under  all  the  form  of  parliamentary 
rules.  It  has  always  been  the  policy  of  this 
particular  company  to  avoid  the  making  of 
what  are  known  as  bicycle  accessories,  with 
the  exception  of  a hand-kit  of  small  tools, 
which  we  shall  show  later  on  the  screen. 

So  much  for  the  determination  of  the  facts, 
and  the  democracy  of  the  advice.  It  is  not 
strange  that  the  manufacture  should  have 
assumed  large  proportions  ; this  particular 
company  has  as  high  as  3,800  names  on  its 
pay-rolls  at  times,  its  buildings  are  spread 
over  19  acres  of  the  city  of  Hartford,  and  its 


investment  is  estimated  t ;;^i,ooo,ooo.  The 
output  per  day  reaches  600  finished  bicycles 
in  the  busy  season,  and  preparations  are  , 
making  to  extend  this  output  with  the  advent  j 
by  most  of  the  principal  makers  of  the  chain- 
less wheel. 

All  of  the  essentially  American  character- 
istics of  such  highly  organised  machine-work- 
ing companies  are  carefully  carried  out.  Plenty 
of  clear  day-light  in  every  department ; lunch 
rooms,  where  at  cost  price  soups  and  the  essen- 
tials of  a hot  meal  are  furnished  by  the  com- 
pany’s cooks  ; rooms  with  comfortable  fittings 
of  tables  and  chairs,  with  good  literature  or 
games  for  the  leisure  hours  ; long  separate 
water  tanks  for  easy  washing,  and  separate  1 
lockers  for  those  who  wish  to  keep  clothes  or  ' 
property  under  private  lock  and  key  ; strikes 
unthought  of ; the  clear  sunlight  through  long 
hours  ; every  man  at  his  machine  or  his  dozen  ! 
machines — his  only  thought  and  pride  that  it 
be  of  the  best  of  its  kind  ! Oh,  sons  of 
England,  that  you  could  only  see  in 
your  striking  work  meetings  that  your  work 
interests  and  your  capital  interests  are  the 
same.  Not  always  will  there  be  a high 
protective  tariff  in  the  United  States  for  the 
benefit  of  European  industries  in  the  markets  of 
the  world.  When  that  day  comes  and  scales 
of  value  are  the  same  in  the  civilised  world,  you 
will  miss  the  help  of  the  multiplying  machinery 
which  you  now  refuse. 


TABLE  I.— Copy  of  Test  Sheet  No.  35, 


Driving  FI  at. 


Description  of  Wheel. 
Test  No.  I. 

I 

Time  in 
seconds 
per  100 
revolutions. 

2 

Revolutions 
of  cranks 
per  minute. 

W. 

3 

Reading  of 
counter- 
poise c.m. 

j. 

4 

Foot-pounds 
delivered 
to  crank. 

2 71  S 

5 

Average 

foot- 

lbs. 

6 

I.  Model  50,  Pope  chainless,  tire  A 

36-2 

165-8 

18 

5.900 

6,146 

2.  Gear  7ig  = G 

37 

162-2 

30  8 

9.992 

9.897 

3.  Weight  on  saddle  = 183  pounds  = Z 

4.  Diameter  of  tire,  60  pounds  air  pressure,  before  loading 

37'8 

158-7 

48-8 

15.489 

1 15.300 

2765  = D" 

388 

154-6 

65 

20,098 

20,046 

6.  Diameter  of  tire,  60  pounds  air  pressure,  after  loading  = 

40-4 

148-5 

82-5 

24.502 

24,484 

27‘35  = F 

39’4 

152-3 

82-4 

25.099 

- - 

7.  ...  ...  ...  ...  

38 

157-9 

64-5 

48-5 

20,369 

— 

8 

37'4 

160-4 

15.559 

— 

9.  Rolling  radius  of  tire  = ^ {D^  — D\)  J 

37'2 

161-8 

30-0 

9.105 

— 

10.  Circumference  of  track  wheel  - 63  inches  ... 

11.  Ratio  of  revolutions  of  track  wheel  to  revolutions  ol 

36-2 

165-8 

183 

6,068 

- 

crank  if  there  was  no  tire  slip  = C ... 

3.5 '8 

167-6 

19-1 

6,402 

9.894 

— 

12 

37 

162-2 

30-5 

— 

G 

37'8 

158-7 

48 

15.235 

— 

1 1 

39 

153-9 

65-1 

20,038 

— 

15 

4o'6 

147-7 

82 

24.223 

— 

16 

41-2 

145-6 

82  8 

24,110 

19,678 

— 

17 

40 

150 

65-6 

— 

18 

38-6 

155-4 

48 

14.917 

— 
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TABLE  I.-  Copy  OF  Test  SfiEET  No.  35  (continued). 
Driven  Float. 


Revolutions 
of  brake 
wheel 
per  minute. 

n. 

7 

Reading 

of 

counter- 
poise c.m. 

8 

Grade  in 
per  cent, 
equivalent 
to  values 
of  s for  175 
lb.  rider. 

9 

Foot-pounds  utilised. 

Description  of  Wheel. 
Test  No.  I. 

\a 

Py 

brake. 
2 A'^.y. 

10 

Aver- 

age. 

1 1 

1 I'.y 
1 track 
whecl- 

12 

Total 
Col.  II -f. 
Col.  12. 

M 

I.  Model  50,  Pope  chainlcss,  tiro  A 

. 555 

i’5 

0‘33 

1,665 

1,707 

' 2*6  ' 

2,622-1 

2.  Gear  71^  - G 

3 544 

5 

I'll 

5,410 

5,412 

889-8 

6,301  "8 

3.  Weig'ht  on  saddle  = 183  pounds  — L... 

% 530 

10 

2-o6 

10,600 

10,571 

869-2 

ii,440-2 

4.  Diameter  of  tire,  60  pounds  air  pressure,  before  loading  = 
27  65  = A® 

1 519 

15 

3*02 

15,570 

15,437 

19,585 

846 

16,281 

5.  ...  ...  

« 496-5 

20 

3‘97 

19,860 

805-2 

20,390-2 

6.  Diameter  of  tire,  60  pounds  air  pressure,  after  loading  = 
27  35  = ^ 

S 502 

20 

20,080 



_ 



7.  ...  ...  

15 

15,570 

— 

— 

— 

8.  ...  ...  ...  ...  ...  ...  ...  ...  ...  ... 

P 533 

10 

10,660 

— 

— 

— 

9.  Rolling  radius  of  tire  = ^ ^ [Dq  — Z?j)  J 

!? 

5 

5,370 

— 

— 

- 

10.  Circumference  of  track  wheel  = 63  inches 

il 

-f  555 

1-6 

1,776 



_ 

_ 

II.  Ratio  of  revolutions  of  track  wheel  to  revolutions  of 
crank  if  there  was  no  tire  slip  = C 

^ 559' 5 

i’5 

1,678-5 







12 

IT 

5 

5,425  ‘ 

— 

— 

— 

13 

II  5.40 

10 

10,600 

— 

— 

— 

14 

S)  518 

15 

15,540 

— 

— 

— 

T5 

S 490 

20 

19,600 

— 

— 

— 

16 1 

0 470 

20 

18,800 

— 

— 

— 

17- 

<ri  500 

15 

15,000 

— 

— 

— 

18 1 

52i'3 

10 

10,426 

Slip  Data  and  Efjdciency. 


Slip  data. 

j Efficiency. 

Description  of  Wheel. 
Test  No.  I. 

‘■'-ilLs  [ 

j AVith  Slip. 
Col.  13 

i 

! For  zero  slip. 

1 

Cnl  16  - 

AT 

Per  cent,  of  slip. 
/V 

lb 

y V 
n 

14 

;|.l 

. 

8 

r*  1 /•  ^00 

Col.  6 

16 

e^oi.  10  - ; 

: 100— L0I.15 

17 

I.  Model  50,  Pope  chainless,  tire  A 

3-348 

3-88 

42-66 

44-43 

2.  Clear  7ifj  = G 

3 354 

3-70 

63  67 

66  40 

3.  Weight  on  saddle  = 183  pounds  = A... 

4.  Diameter  of  tire,  60  pounds  air  pressure,  before  loading  = 

3-340 

4-11 

74-77 

IT  91 

= 27  65  = Z/®  A . , 

3 '.35  7 

3-62 

81-22 

84-72 

6.  Diameter  of  tire,  60  pounds  air  pressure,  after  loading  = 

3-344 

3-99 

83-29 

8e  00 

27-35  = ^ 

3-297 

5-34 

— 

— 

7*  ...  ...  

3"3'o 

5 25 

— 

— 

8 

3323 

4-59 

— 

— 

9 Rolling  radius  of  tire  = ^ — {Dq  — D{)  J 

3-319 

4-71 

- 

— 

10.  Circumference  of  track  wheel  — 63  inches 

11.  Ratio  of  revolutions  of  track  wheel  to  revolutions  of 

3-317 

3-90 

— 

— 

crank  if  there  was  no  tire  slip  = C ... 

3 338 

4-16 

— 

— 

12.  ...  ...  ...  ...  ...  

3 '3  45 

3-96 

— 

— 

13 

3-340 

4 II 

— 

— 

14 

3 366 

3-36 

— 

— 

15.  ••• 

3-318 

4-74 

— 

— 

16 1 

3-228 

7-32  i 

— 

— 

17 ' 

3-333 

4-31  1 

— 

— 

18 

3-455 

3-68 

- 1 
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TABLE  II.— Copy  of  Test  Sheet  No.  39. 
Driving  Float. 


Description  of  Wheel. 
Test  No.  I. 

I 

Time  in 
seconds 
per  100 
revolutions. 

2 

Revolutions 
of  cranks 
per  minute. 
n. 

3 

Reading  of 
counter- 
poise c.m. 

A. 

4 

Foot-pounds 
delivered 
to  crank. 

2 n S. 

5 

Average 

foot- 

lbs. 

6 

I.  IModel  50,  Pope  chainless,  tire  A 

40-6 

73‘9 

G’l 

2,232 

2, in 

2.  Gear  yig  = G 

41 

73'2 

28 

4,009 

4,082 

3.  Weight  on  saddle  = 183  pounds  = L 

4.  Diameter  of  tire,  60  pounds  air  pressure,  before  loading  = 

41-4 

72-5 

63-2 

9,164 

9,207 

27-70  - A>o 

43-2 

69  4 

131  8 

18,294 

18,391 

6.  Diameter  of  tire,  60  pounds  air  pressure,  after  loading  = 

44  8 

67 

183-4 

24.573 

24.945 

27-38  = D 

4p6 

67'3 

i86-5 

25,102 

— 

7-  •••  

44’4 

67-6 

186  I 

25.159 

18,488 

— 

9.  Rolling  radius  of  tire  — — [Dq  — D\)  J 

43'2 

99-4 

133  2 

— 

41-4 

72’5 

63*8 

9,250 

— 

10.  Circumference  of  track  wheel  = 63  inches 

11.  Ratio  of  revolutions  of  track  wheel  to  revolutions  of 

40-6 

73'9 

27'5 

4,064 

crank  if  there  was  no  tire  slip  = C 

41 

73  2 

M'S 

2.123 

Driven  Float. 


Revolu- 
tions of 

Reading 

of 

Grade  in 
per  cent. 

Foot-pounds  utilized. 

Description  of  Wheel. 
Test  No.  I. 

la 

brake 
wheel 
per  min. 
A'. 

7 

counter- 

poise 

c.m. 

j. 

8 

equivalnt. 
to  values 
of  ^ for  175 
lb.  rider. 

9 

By 

brake 
2 AM 
10 

Aver- 

age. 

II 

By  ( 
track 
wheel 

12 

Total 

Col.ii-f 

Col.I2 

13 

I.  Model  50,  Pope  chainless,  tire  A 

i 247 

i-i 

0-33 

543 

521 

407-8 

928-8 

2.  Gear  7ig  = G 

244 

5 

i-ii 

2,440 

2,455 

4037 

2,858  7 

3.  AVeight  on  saddle  = 183  pounds  = Z 

4.  Diameter  of  tire,  60  pounds  air  pressure,  before  loading  = 

« 239 
0 

15 

3-02 

7,170 

7,185 

393'8 

7,578  8 

27-70  = Z?o 

^ 233 

35 

6-68 

16,310 

16,24c 

381-5 

16,621-5 

6.  Diameter  of  tire,  60  pounds  air  pressure,  after  loading  = 

!=  222-7 

O' 

50 

9-70 

22,270 

22,273 

366-2 

22,639-2 

27-38  = D 

•°  221-5 

50 

— 

22,150 

— 

— 

— 

7 

M 

5'5 

— 

22,400 

— 

8 

0 231 

35 

— 

16,170 

• — 

— 

9.  Rolling  radius  of  tire  = ^ (Z7q  — D{)  J 

kO  240 

— 

77,200 

- 

- 

- 

10.  Circumference  of  track  wheel  = 63  inches  ... 

11.  Ratio  of  revolutions  of  track  wheel  to  revolutions  of 

n 247 

5 

— 

2,470 

— 

— 

— 

crank  if  there  was  no  tire  slip  = C ...  

< 249 

I 

498 

Slip  Data  and  Efficiency. 


D.scription  of  Wheel. 
Test  No.  I. 

lb 

Slip  data. 

Efficiency. 

c-  G r 

^-(Ao-D,)J 

With  slip. 

Col.  13 
Col.  6 

16 

For  zero  slip. 
Col  16 

^ 63  X 28  ^ L 

N 

n 

14 

Per  cent,  of  slip. 

c A- 
.00  -y 

100— Col.  15 

17 

I.  Model  50,  Pope  chainless,  tire  A ...  ...  

3-342 

3-07 

42  66 

43-62 

2 G ‘ar  7ig  — G 

3'333 

3-34 

70-03 

72-35 

3.  Weigh.t  on  saddle  = 183  pounds  = L... 

3-237 

438 

82-32 

85-93 

4.  1 )iameter  ot  tire,  60  pounds  air  pressure,  before  loading  = 

27-70  = /'o 

3 357 

2'6t 

90  38 

93-23 

5.  ...  ...  ..  ...  ...  ...  : 

3-424 

3 60 

90-76 

94-63 

6.  Diameter  of  tire,  60  pounds  air  pressure,  after  loading  = 

27-38  = A 

3-291 

4-55 

— 

— • 

7.  ...  ...  ...  ...  ...  ...  ...  ...  

3-314 

3 89 

— 

— 

8 

3-328 

3-48 

— 

— 

9.  Rolling  radius  of  tire  = ^ ^ (Aq  — Aj)  J 

3-310 

4'oo 

— 

— 

10.  Circumference  of  track  wheel  = 63  inches  ... 

3-342 

3-07 

_ 

_ 

II.  Ratio  of  revolutions  of  track  wheel  to  revolutions  of 

crank  if  there  was  no  tire  slip  =•  C 

3-402 

1-33 

- 

— 

TABLE  III. — Efficiency  at  Equal  Foot-Pounds  Delivered  to  Crank  as  Taken  from  Curves. 
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Foot-pounds  delivered  to  Crank  as  taken  from 
Efficiency  Curves  on  Plates. 

1 ^ 
C30 

00  0 mOOOOO  \n  0 0 

10  uo  00  'OiOOOiOlO 

00  0 r^oc  lo -t*  N t^oo 'b 'X  • 

OCX  X xxxocxx  X ir.10 

I . 

0 

M 0 0 »o  0 0 \r,  »r,  0 0 0 

vON  X 10 

OX  Cd  0 0 r**^  b b X to  M M r^vi>  0 

XX  X XXXXOOX  XXXOvO^-1- 

1 = 

0 0 0 XO  0 0 0 0 Q 0 Q 0 

r^O  0 -l-xowOO’l"M 

c b 0 b b b M M b VO  h-  b-  b b b 

0 0 X 0 ox  xoo  oxxxt^r^t^»o 

1 2 

0 10  0 m >0  >o  0 10  0 0 >0  0 0 >0 

t^io  N lONvO'O-^M  0 

NN  M *0-00  O'  O O O 'O 

O'O'  O'  O'O'O'O'O'O'  O'OOOOOOOOX'  t'''0 

r 

OO  O \n  COOmioO 

u^O  M ro  to  VO  Mioor^NO 

ro  N -4-  M *rO  ro  ro  O O O -I"  * 

OO  o oooooo  o ox  ox  X X 

r 

>o  O O O i/~,  o o >o  >o  O iCl 

5^  _0  p ; P p-  lO  P P p lO  ; ; P p ; ; 

-<r)  *'-5  *-t-  '•  "n  *-t-  *-i-  ’-o  *-t-  ‘o  ■ ■ •O'b  • '• 

OOO  OOOOOOO  XX 

i . 

»o 

N 

to  XT) 

: : : : : : : : : : : : 
O'  S' 

Average 
miles  per 

u-.'O  -O  'O  r020  O 

MM  O'  lOOOOOi^  X X to  OvO  M vO 
ro  'ro  N M b b M ro  ro  m m m m O 

HM  M MMMMMM  M 

Weight  in 
Saddle, 
in  lbs. 

5 

<0  0 O 

VO  M VO  M 

MXrQ  f^X  MXX  M f^XXXXXXX 

" "■'■Td'TS  M M M M M M M 

rt  0;  rt  o 

cc.fVi  c/;C1h 

Gear. 

4 

lO 

«‘rw5’3i  in-31  ^ u5'3io:^io:a)  5^ 

I'^'O  vO  r^\0 

Date  of 
Test. 

3 

vO  vo  X X t^X  vovo  X OMHr^t-^c^H 

NM  M MMMMMM  M fO<r>rOMMM 

b£  bi  bi  b£  b£  b£  bi  b£  bi  bi  bio  bi  b£  bt  bi  bio  q. 

D3  3 333333  3 333333^ 

Number 

of 

Sheets. 

2 

Hi'N  d 

O'O  00  I'^ro-l-O'i-'M  O 

NfO  ro  ^ rr-.  d-  r'}  d-  -rf 

i 

i 

1 

1 

1 

j 

in.  Hartford  Tire  A 

in.  Hartford  Tire  A 

in.  Hartford  Tire  B 

in.  Hartford  Tire  B 

in.  Hartford  Tire  A 

in.  Hartfore  Tire  A 

in.  Hartford  Tire  A 

in.  Hartford  Tire  B 

in.  Hartford  Tire  B 

in.  Hartford  Tire  A 

3 

n.  Tire  C 

5 

n.  Tire  B 

n.  Tire  B 

n.  Tire  A 

5-  42  A 

1 Wheel  I.— No.  8o  i|  : 

2 Wheel  I. — No.  8o  : 

3 Wheel  i. — No.  8o  ig 

4 AV'heel  i. — No.  8o  i§ 

5 AVheel  2 — No.  80 

6 AVheel  2. — No.  80  i| 

7 AVheel  2. — No.  80  i§ 

8 AVTeel  2.— No  80  i| 

9 AVheel  2.— No.  80  i§ 

10  Wheel  2. — No.  80  i§ 

11  AVheel  3 — 1§  in  Tire 

12  AVheel  4. — No  80  i§ 

13  AV'heel  5. — 1|  in.  Tire 

14  AVheel  i. — No.  80  i| 

15  AVheel  2. — No.  80  i| 

16  AVheel  2 — No  80  i| 

17  AVheel  5 — 1§  in.  Tire 

1 

1 

1 

1 

Columbia  chain | 

Columbia  chainless. ^ 

Other  makers  

Old  chains 

Foreign  ,,  

The  company’s  works  are  complete  within 
themselves.  The  makin^^  of  rubber  tyres, 
described  in  Kngineeriiig  by  its  correspon- 
dent, Major  Wiley,  is  carried  on  for  its  ovn 
benefit,  and  that  of  most  of  the  other  American 
companies.  Steel  tubing-,  formerly  brought 
from  England,  is  now  made  in  their  own  tube 
works  to  limits  of  precision  in  drawing,  as 
follows  : — 

Tubes  I in.  diameter  and  over  must  not 
exceed  the  gauge  thickness  by  more  than 
0-003  in.,  nor  be  less  than  their  gauge  thick- 
ness by  0.001  in.  Tubes  less  than  one  inch 
diameter  must  not  exceed  their  gauge  thick- 
ness by  more  than  0*002  in.,  nor  be  less  than 
the  gauge  thickness  by  more  than  o-ooi  in. 
In  tubes  of  No.  21  ILAV.G.  (0*032  in.)  and 
thicker,  the  gauge  extreme  variation  of  thick- 
ness does  not  exceed  0*003 
not  exceed  0*002  in.  for  tubes  less  than  0*032 
in.  thick. 

It  may  interest  those  present  concerned  in 
tube  drawing,  that  these  figures  are  enforced. 
I cannot,  in  the  limits  of  this  paper,  follow 
the  consecutive  operations  of  making  the 
bicycle.  You  will  see  on  the  screen  photo- 
graphic sections  of  the  bicycle  in  various 
stages,  and  I think  they  will  reveal  the  answer 
to  most  of  the  questions  which  suggest  them- 
selves to  your  minds.  The  essential  thing 
to  be  remembered  is  that  the  fram.e  is 
considered  the  unit  for  work.  Nothing  is 
done  in  the  way  of  fitting  or  centreing  any 
of  the  parts  until  the  completed  frame  with 
its  re-inforced  joints,  with  all  the  brazing, 
heating,  or  other  distorting  influences,  is 
complete.  The  entire  frame  is  then  securely 
held  in  gauged  clamp  vices,  and  the  boring  and 
centreing  done  by  tools  also  rigidly  set  to 
gauge. 

The  interchangeability  of  parts  under  this 
system  is  the  same  as  in  that  other  product  of 
American  machinery — the  American  watch. 
Another  point  is  the  nature  of  the  hardening 
of  the  spherical  bearings  on  which  the  balls 
roll,  and  I can  best  consider  this  ^^ith  a 
photo  - micrograph  of  the  highly  magni- 
fied fracture  of  the  broken  steel  surface 
before  us  on  the  screen.  You  will  then  see 
by  the  marked  dilYerence  in  granular  struc- 
ture how  perfectly  the  surface  hardening 
has  been  carried  out.  As  for  the  balls 

themselves,  they  are  case-hardened  in  the 
same  careful  manner,  and  I give  below  the 
measures  of  twenty  of  them  picked  up  at 
random,  to  show  the  uniformity  of  manu- 
facture : — 
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No.  of  the 
ball. 

Measured 

diameter. 

No.  of  the 
ball. 

Measured 

diameter. 

I 

in. 

0*1878 

II 

in. 

0*1880 

2 

0*l88l 

12 

0*1880 

3 

0*1882 

13 

0*1879 

4 

0*1880 

14 

0*1879 

5 

00 

00 

b 

i 15 

0*1880 

6 

0*1880 

16 

0*1880 

7 

0*1882 

17 

0*1880 

8 

0*1878 

18 

0*1880 

9 

0*1880 

19 

0*1880 

10 

0*1880 

20 

0.1880 

Now  for  the  chainless  bicycle — the  state  of 
the  art  towards  which  the  American  machine 
methods  have  been  struggling  for  years  back. 
Three  great  difficulties  had  to  be  overcome  to 
make  the  venture  commercially  or  technically 
successful. 

First,  some  material  which  could  be  worked 
into  tubes  had  to  be  found  which  should 
possess  the  requisite  strength,  lightness,  and 
resistance  to  torsion.  This  material  must  be 
worked  in  machinery  specially  designed,  since 
no  plant  existed  in  which  one  inch  and  a half 
hard-steel  tubes  could  be  drawn  cold  with  the 
necessary  precision  to  give  their  tubing  at 

250.000  lbs.  per  square  inch  tensile  strength  or 

150.000  lbs.  elastic  limit.  This  is  the  condition 
of  such  tubes  before  annealing. 

Second,  while  involute  and  epicycloidal 
gears  had  been  cut  on  machines,  such 
machines  were  far  too  slow,  and  consequently 
too  costly,  to  make  such  gears  for  the  bicycle 
in  the  quantities  required.  It  remained  for 
the  two  great  firms  of  machine  tool-makers, 
the  Pratt  and  Whitney  Company,  of  Hart- 
ford, Conn.,  and  the  Brown  and  Sharpe 
Company,  of  Providence,  R.I.,  each  to  bring 
forward  compact  machinery  which  should 
occupy  small  floor  space,  and  at  the  same 
time  automatically  cut  an  epicycloidal  or  in- 
volute shaped  tooth  at  the  will  of  the  mechanic 
in  charge.  We  shall  see  upon  the  screen  such 
machines  in  operation. 

Third,  a process  was  to  be  devised  for  the 
hardening  of  gears,  ball,  and  spherical  cup- 
bearings  throughout,  which  should  not,  in 
practice,  result  in  any  appreciable  deforma- 
tion of  the  tooled  surfaces. 

It  has  been  a surprise  to  me  to  find  that  here 
in  England  many  regard  the  chainless  wheel 


as  something  new,  something  radical.  It  is 
the  chain  that  is  new,  not  the  gear.  A gencra- 
t on  before  the  modern  bicycle  was  born  the 
mathematicians  had  shown  theoretically  that 
if  spur  or  conical  gear  teeth  were  cut  in  certain  j 
curves,  not  circular,  that  power  would  be  trans- 
mitted with  as  small  a loss  as  by  any  other  ' 
method.  No  thinking  American  mechanic 
ever  anal}^sed  the  chain  bicycle  construction 
without  convincing  himself  that  the  compact, 
rigid,  tightly-enclosed  shaft-power  transmission  1 
would  be  adopted  for  the  bicycle  whenever  rigid  ; 
enough  frames  and  hard  enough  gears  could 
be  manufactured  in  a commercial  way.  The  ' 
chainless  bicycle  is  neither  a discovery  nor  an 
invention;  it  is  an  evolution,  and  so  far  as  we 
can  now  see,  it  will  be  the  survival  of  the 
fittest.  The  use  of  the  rigid  under  strut  of 
the  rear  triangle  as  the  means  of  carrying 
the  tube  to  which  are  brazed  the  end  gears, 
is  the  most  elegant  solution  of  the  gear- 
case  problem  yet  proposed.  Here  you  have 
the  gear-case  rigid,  a little  over  one  inch  ^ 
in  diameter,  and  firmly  secured  to  the  thin 
steel  covering  caps  at  each  end.  The  gears 
may  run  in  a cup  of  oil,  if  necessary,  and 
the  stiff  under  strut  thus  serves  the  double  ! 
purpose  of  part  of  the  frame  and  gear-case 
as  well.  I must  bring  this  part  of  the  paper  ; 
to  a close,  leaving  details  to  the  explanation  of 
the  illustrations  on  the  screen. 

It  was  in  1865  that  Pierre  Lallemcnt,  living 
in  the  manufacturing  town  of  Ansonia,  first  j 
made  an  American  bicycle.  He  rode  from 
that  town  to  New  Haven,  fourteen  miles, 
on  one  ; but  it  was  not  until  1877  that  Colonel 
Albert  A.  Pope,  after  riding  a wheel  in  the  Back  | 
Bay  district  of  Boston,  foresaw  its  possibilities 
and  founded  the  great  industry  of  which  he  has 
remained  the  conspicuous  chief.  He  has  been 
justly  called  the  father  of  the  American 
bicycle.  Not  that  he  invented  any  of  its 
parts,  but  in  the  broadest  sense  he  has 
steadily  nurtured  the  bicycle  art  in  the  United 
States.  This,  what  John  Stuart  Blackie  would 
call,  virtuous  energising,  has  been  equally 
prevailing,  whether  in  the  conduct  of  his  great 
company  or  whether  before  State  legislatures 
urging  proper  m.easures  for  good  roads,  or 
combating  the  restrictions  of  small  town 
councils  on  bicycle  traffic,  or  urging  upon 
the  technical  schools  and  assisting  financially 
technical  education,  or  pushing  to  effective 
completion  highly-organised  and  contributory 
companies,  such  as  the  motor  carriage  depart- 
ment of  the  Pope  Manufacturing  Co.  You  get 
your  peers  by  heritage,  we  must  find  ours  bysur- 
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vival : and  Col.  Albert  A.  Pope,  when  he  laid  aside 
the  soldier’s  uniform  he  had  always  honoured,  at 
the  close  of  our  civil  war,  entered  upon  a career 
which  has  made  him  respected  alike  by  those 
whose  business  schemes  he  opposes  or  advo- 
cates, while  by  his  men  he  is  loved,  because  he 
has  constantly  regarded  their  welfare,  and  no 
one  can  complain  of  an  unredressed  grievance 
who  had  a just  cause.  It  is  men  of  his  stamp 
and  mould  which  constitute  our  American 
aristocracy,  whether  in  literature,  or  pure 
science,  or  mechanical  art. 


DISCUSSION. 

Mr.  Archibald  Sharp  said  the  Society  was  to  be 
congratulated  on  having  this  subject  brought  before 
it  in  such  an  interesting  manner.  The  great  question 
in  the  minds  of  all  interested  in  cycles  was  that  of  chain 
versus  chainless  driving,  to  which  such  prominence 
had  been  given  in  the  paper.  It  was  rather  cuiious 
that  before  the  chain  was  adopted  for  the  purpose  of 
transmitting  motion  from  the  crank  shaft  to  the  hub, 
nearly  all  engineers  looked  upon  the  chain  as  a most 
inefficient  means  of  transmitting  power ; but  bicycle 
makers  and  riders  had  taught  them  that  it  was 
perhaps  the  most  efficient  mechanical  means  for 
transmitting  power  between  two  parallel  shafts 
nearly  close  together.  The  curves  which  had 
been  thrown  on  the  screen  showed  a very  high 
efficiency  for  both  chain  and  bevel  wheel  gear ; 
and  that  in  fact  they  were  practically  equal.  But 
efficiency  was  only  one  of  the  points  which  had  to 
be  considered  in  deciding  on  the  suitability  of  two 
different  types  of  bicycle  gear,  and  the  question 
whether  the  bevel  gear  would  be  largely  adopted  in 
this  country  would  not  depend  on  relative  efficiency 
onl)-.  For  example,  the  difference  between  a full 
roadster  tire  and  a light  roadster  tire  of  the  same 
maker  was  much  greater  than  any  possible  difference 
between  the  two  gears.  The  use  of  gear-cases  for 
chains  was  very  usual  here,  at  least  on  machines  used 
for  pleasure  and  touring,  and  it  seemed  to  him  that 
the  bevel  gear  had  a great  advantage  in  this  respect, 
because  a gear-case  was  always  more  or  less  of  a 
nuisance.  The  very  neat  and  effective  gear-case 
shown  on  the  chainless  bicycle  was  far  preferable. 

Mr.  H.  Graham  Harris  said  this  very  interest- 
ing paper,  for  Avhich  they  were  much  indebted 
to  Professor  Waldo,  made  the  mouths  of  English 
engineers  water,  and  many  of  them  would  think 
to  themselves  that  if  they  had  had  the  same 
advantages  for  testing  this  extremely  new  mechani- 
cal device,  they  might  have  attained  equally 
successful  results.  He  had  always  wondered  why 
Americans  preferred  wood  rims  to  steel,  and  the 


only  reason  given  in  the  paper  was  that  the 
wood  rim  wore  out  as  rajridly  as  the  tire.  It  was 
certainly  not  the  practice  of  English  engineers  to 
prefer  wood  to  steel  where  the  stresses  and  .-Arains 
were  so  varying  and  so  j^ersistent  as  they  were  in  the 
rim  of  a bicycle  wheel.  It  was  not  unlikely  that  when 
tires  were  improved — as  they  certainly  must  be,  having 
regard  to  their  expense  at  i)rcsent  quite  aj^art  from  the 
question  of  ])atcnts,  which  was  a serious  item  that 
even  the  Americans  would  find  that  steel  was  prefer- 
able to  wood  for  the  rim. 

Mr.  J.  Pennkll  said  he  was  inclined  to  ask  if  the 
Pope  Company  was  the  only  one  manufacturing 
cycles  in  the  United  States,  because  when  he  was 
there  last  there  were  half  a dozen  or  a dozen  other-, 
who  all  said  they  were  as  good  as  the  Pope  Company, 
and  many  of  them  claimed  to  be  much  better.  He 
should  also  also  like  to  know  why  wood  rims  were 
used  in  the  United  States  and  nowhere  else,  except 
as  a matter  of  fashion,  and  again,  why  single-tube 
tires  were  used,  and  whether  it  was  not  simply 
because  the  Hartford  Rubber  Company  made  them 
and  forced  them  on  the  public.  They  all  knew  over 
here  that  the  single-tube  tire  was  the  worst 
thing  ever  devised,  and  it  had  been  virtually 
given  up.  Wood  rims  might,  theoretically, 
be  as  good  as  steel,  but  his  experience 
when  touring  last  summer  with  American  friends 
using  them,  had  been  that  if  the  tire  got  a little  slack 
and  you  came  on  some  rough  stones,  the  wood  rim 
got  a great  “ chunk  ” taken  out  of  it,  and  you  had  to 
send  the  machine  to  the  maker  for  a new  rim,  whereas 
a steel  rim  would  not  even  be  bent,  or  if  it  were  bent  it 
could  be  easily  put  right.  He  had  ridden  the  Columbia 
bicycle  more  miles  than  Colonel  Pope  himself,  having 
begun  about  the  same  time.  The  crank  axle  was  a 
beautiful  piece  of  work,  much  better  than  the  company 
used  to  turn  out ; but  even  now,  if  you  came  over 
and  bent  it,  what  were  you  to  do  It  was  made 
all  in  one  piece,  and  there  you  had  to  send  the 
whole  crank  axle  to  the  company  and  get  a new 
one.  You  could  not  get  cne  made  under  a week. 
It  was  true  that  American  machines,  as  a rule,  had 
no  gear-cases  and  no  brakes,  the  riders  put  their  toes 
on  the  front  wheel,  and  the  brakes  litted  to 
American  cycles  for  English  use  were  generally 
of  steel,  without  a rubber  lining,  which  destroyed 
the  tire.  The  chainless  machine  was  no  doubt 
beautifully  made,  but  he  should  like  to  know 
how  it  differed  from  the  French  “Acatenc.”  The 
Pope  Company  made  beautiful  machines,  but  the 
difficulty  was  that,  having  so  many  specialties,  it  was 
difficult  to  get  them  repaired  if  anything  happencil 
to  them,  without  sending  them  back  to  the  lactoiy. 
Professor  Bishop  had  recently  written  to  the  New 
York  Natioji  an  account  of  his  experiences  in  Euroyc 
with  a “Columbia”  bicycle,  the  end  of  which 
was  that  he  tried  in  Paris  to  get  rid  of  it,  and 
tried  in  vain, 
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Mr.  T.  H.  Brigg  said  there  were  one  or  two  im- 
portant questions  with  regard  to  the  wear  and  tear 
of  the  chainless  bicycle  which  had  yet  to  be  solved, 
and  to  which  no  reference  had  been  made.  He  only 
heard  on  Monday  of  this  paper.  He  had  to-night 
hurriedly  made  two  incomplete  diagrams  to  show  the 
forces  operating  on  bearings  of  a rear-driven  bicycle. 
He  found  that  the  force  exerted  on  the  hub  sprocket 
wheel  by  the  chain,  assuming  the  road  resistance 
to  be  20  lbs.,  Avas  i86‘6  lbs.  That  required  a force 
of  86-1  lbs.  at  the  crank  or  pedal,  and  as  the 
result  you  get  a force  of  173  lbs.  exerted  on  the 
crank  bearings.  In  the  case  of  the  bevel  gear, 
instead  of  i86'6  lbs.  -f-  20  lbs.  2=  206*6  lbs.,  at 
the  rear  bearing  you  get  233  lbs.,  and  on  the 
bearing  of  the  crank  shaft  31 1 lbs.,  as  against 
173  lbs.  There  was,  therefore,  a great  deal  of 
difference  in  the  amount  of  pressure  on  the  bear- 
ings in  the  chainless  and  chain-driven  bicycle. 
Of  course  there  AA*ere  many  other  questions  of 
great  importance  which  had  not  been  touched ; 
though  he  had  hoped  to  hear  something  about 
them.  For  instance,  there  \A*ere  the  physio, 
logical  conditions  AA^hich  ought  to  govern  the  de- 
signing of  bicycles,  but  Avhich  Avere  entirely  over- 
looked for  Avant  of  information.  When  these  Avere 
considered  there  would  be  the  same  ease  and  comfort 
in  a bicycle  as  Avas  expected  in  cA’ery  other  sphere  of 
life.* 

Sir  Charles  Tupper,  Bart.,  G.C.M.G.,  said  he 
had  listened  with  great  pleasure  to  this  most  interest- 
ing and  graphic  paper,  Avhich  he  was  sure  would  be  of 
great  advantage  to  the  public  Avhen  printed. 

The  Chairman  said  : Although  I have  but  little 
to  add  to  the  remarks  already  made  on  the  instinictive 
paper  just  read  to  us  by  Dr.  Leonard  Waldo,  I can- 
not forego  the  opportunity  afforded  me  as  your 
Chairman  of  assuring  him  of  our  appreciation  of  that 
paper,  and  of  asking  you  to  join  me  in  a cordial  A*ote 
of  thanks  to  him  for  his  courtesy  in  coming  here  this 
CA  cning  to  tell  us  of  Avhat  is  being  done  in  America 
to  bring  the  machine,  in  Avhich  Ave  are  all  so 
much  interested,  to  a gradual  but  sure  perfection. 
The  information  that  Dr  Waldo  has  given  us  as  to 
the  severe  testing  jwccess  carried  on  in  the  Pope 
Avorks  at  Hartford,  must  be  of  great  interest  to  all 
bicyclists,  not  cnly  because  it  demonstrates  the  care 
taken  there  in  manufacture  to  strengthen  all  parts  of 
the  machine,  so  that  the  factor  of  safety  may  be  the 
same  throughout  it,  but  shoAvs  also  the  precautions 
deemed  necessary  to  meet  the  loss  of  A\mrk  and 
energy  Avhich  occurs  in  a bicycle  under  its  normal 
load,  as  Avell  as  to  provide  for  its  varying  resistance 


* Mr.  Brigg  states  that  since  he  spoke  at  the  meeting  he 
ahs  seen  reason  to  change  his  opinion  as  to  the  advantages  of 
the  bevel  gear.  He  has  completed  his  diagrams,  and  now 
finds  an  important  mechanical  advantage  in  favour  of  the 
bevel  gear,  on  the  reason  for  which  he  is  now  making 
investigation. 


at  varying  speeds.  In  addition  to  this  testing  pro- 
cess, the  system  of  trials  of  netv  machines,  so 
graphically  described  by  the  reader  of  the  paper  as 
in  force  at  the  Hartford  AA’orks,  is  one  Avhich  cannot 
but  claim  the  approval  of  us  all.  I am  sure  that  I 
re-echo  your  sentiments  when  I say  that  Ave  are  all 
truly  glad  to  hear  from  so  good  an  authority  that  1 
a chainless  Avheel,  in  lieu  of  the  chain  gear  now  in 
use,  is  a certainty  in  the  manufacture  of  future  bicycles 
in  America,  as  it  is,  Ave  may  hope,  in  this  country 
also,  for  this  direct  geaiing  Avill  be  as  great  an 
advance  in  manufacture  as  it  Avill  be  in  the  cemfort  ' 
and  safety  of  bicyclists.  Here  Ave  have  one  more  | 
curious  instance  of  the  fact  that  there  is  little  cr 
nothing  neAV  in  this  Avorld  of  ours,  as  Dr.  Waldo 
assures  us  that  the  idea  of  propulsion  Avithout  chain 
gear  is  an  old  one  affirmed  by  mathematicians  many 
years  ago.  I Avill  not  take  up  }our  time  by  auy 
further  obseiwations,  but  Avill,  Avith  your  pennission,  ; 
assure  Dr.  Waldo  of  our  cordial  appreciation  of  his  j 
kindness  in  once  more  coming  before  us,  and  cf  [ 
giving  us  so  agreeable  and  instructive  an  evening.  } 

The  vote  of  thanks  having  been  carried  unani-  j 
mously, 

Prof.  W”ALD0,  in  reply,  said  it  Avas  far  from  his  j; 
purpose  to  make  any  invidious  comparisens.  There  | 
Avere  many  makers  of  cycles  in  the  United  States,  but  j: 
you  had  to  choose  a type,  and  he  thought  they  Avculd 
be  most  interested  in  following  the  lines  of  A\’ork  in  [l 
the  company  Avhich  Avas  most  Avidely  knoAvn  as  having  '] 
done  the  thing  so  thoroughly.  Many  of  these  other  1 
companies,  and  the  largest  of  them,  Avere  much  moie  j‘ 
closely  related  to  the  Pope  Company  than  appeared  ; I; 
because  the  license  to  make  the  chainless  Avheel  I 
would  be  taken  by  almost  all  the  largest  American 
companies.  Questions  of  business  or  administra- 
tion, however,  Avere  he  thought  rather  foreign  to  the 
purposes  of  the  Society,  the  primary  consideraticn 
being  not  Avho  did  it,  but  Avhat  Avas  the  system  under 
Avhich  the  thing  Avas  done.  He  had  a very  brotherly  ' 
feeling  towards  Mr.  Hanis,  and  must  say  that  from 
an  engineering  standard  he  ahvays  felt  there  must  le 
something  Avrong  about  a Avoodenrim;  but,  after  all, 
the  proof  of  the  pudding  Avas  in  the  eating,  and,  if 
the  rubber  tire  and  Avooden  rim  belonged  to  cne 
another,  AAffiat  nature  had  joined  together  ought  net 
to  be  separated.  He  could  not  say  anything  on  the  ' 
point  raised  by  Mr.  Brigg,  beyond  referring  to  the 
diagrams,  Avhich  shoAved  the  efficiency  of  the 
bevel  Avheel  gear.  To  the  riders  Avho  Avere  paid  1 
a Aveekly  stipend  it  Avas  immaterial  AAhether  they 
rode  a mule  or  a horse,  but  their  uniform  i 

preference  for  hard  riding  had  been  the  neAv  i 

Avheel.  He  did  not  say  that  the  judgment  Avas  an  i 
old  one,  or  founded  on  long  experience,  because  it  A\-as 
only  the  progress  of  a number  of  conelated  efforts 
Avhich  had  rendered  it  possible  to  make  it,  though  the 
design  must  haAe  been  in  the  l eads  of  many  people  || 
long  age.  y 
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Miscellaneous. 


THE  FORESTS  OF  ROSS /A. 

According  to  the  official  statistics,  the  fifty  pro- 
vinces of  European  Russia  contain  39  per  cent,  of 
forest  land,  25  per  cent,  of  arable  land,  16  per  cent, 
of  meadow  and  pasture  land,  and  19  per  cent,  of  land 
unfit  for  use.  It  appears,  therefore,  that  forest  land 
predominates,  but  it  would  be  a mistake  to  call  Euro- 
pean Russia  a wooded  country.  According  to  a 
recent  report  of  the  Russian  Committee  of  Ministers, 
only  two  regions  can  be  properly  described  as  chiefly 
composed  of  forest  land,  namely  the  extreme  north 
(59  per  cent.),  and  the  Ural  region  (45  per  cent.). 
The  provinces  of  the  Middle  Volga  and  the  lake  dis- 
tricts are  wooded  to  the  same  extent  as  Austria  (29 
to  30  per  cent.),  and  the  following  regions  are  more 
wooded  than  France,  but  less  than  Germany: — The 
Moscow  industrial  districts,  the  provinces  of  White 
Russia,  v\ith  Lithuania,  the  kingdom  of  Poland,  the 
wooded  parts  of  the  Ukraine  (the  pro\inces  of  Kieff 
and  Volhinia),  and  the  Transcaucasus  (26  to  40  per 
cent.).  The  Baltic  provinces  resemble  France  (17  per 
cent.),  and  in  the  remaining  provinces  the  proportion 
of  foreign  land  is  still  less,  although  kVance  is  con- 
sidered a thinly-wooded  country.  Finally  on  the 
steppe  land  of  the  south-eastern  regions  there  is  not 
more  than  i per  cent,  of  forest.  In  relation  to  the 
number  of  inhabitants,  more  favourable  results  are 
obtained.  There  are  3‘5  acres  of  forest  to  every  in- 
habitant, Avhereas  in  Europe  in  general,  there  are 
only  2*1,  and  in  particular  in  Austria,  1-3,  or 
Germany,  -8,  and  in  France,  *5  of  an  acre.  But  if  we 
reckon  by  zones  and  districts,  more  than  half  of  the 
population  have  less  forest  land  than  in  Germany,  and 
one-fifth  less  than  in  France.  The  gross  consumption 
of  wood  for  domestic  and  industrial  purposes  is  esti- 
mated by  Professors  Roudsky  and  Shafranof,  to  be 
equivalent  to  the  cutting  down  annually  of  an  area  of 
2,oco,cco  dessiatines,  or  5,400,000  acres,  out  of  a total 
of  142,000,000  dessiatines,  or  383,000,000  acres, 
comprising  the  entire  forest  area.  This  destruction  of 
timber  could  not  be  considered  excessive  if  the  entire 
area  of  forest  land  were  equally  distributed,  but  un- 
fortunately this  is  not  the  case,  and  thinly-wooded 
districts  are  being  denuded  of  timber  with  very  great 
rapidity.  This  deforestation  has  brought  about 
destructive  inundations  in  the  basins  of  the  Dniester, 
Dneiper,  Boog,  Don  and  Western  D%ina,  which  were 
formerly  unknown.  Woods  and  forests  also  purify 
atmosphere,  arrest  the  drifting  of  sand  and  the  forma- 
tion of  dunes,  form  a protection  against  the  detrimental 
effects  of  hail  and  storms,  strengthen  the  banks  of 
rivers  and  streams,  and  prevent  the  latter  from 
becoming  silted  up  and  shallow\  This  explains  the 
great  importance  of  wxods  and  forests  in  Russsia, 
which  has  hitherto  been  an  agricultural  country,  and 
in  wffiich  the  well-being  of  a majority  of  the  inhabitants 
depends  upon  equality  and  moderation  of  climatic 
conditions.  The  historjq  therefore,  of  the  relations  of 


the  community  and  the  .State  towards  this  question  of 
w’oods  and  forests  is  of  no  small  interest.  In  ancient 
times  the  wxods  and  forests  of  Russia  were  too 
abundant  to  have  any  value  or  importance  among  the 
thinly  scattered  pojmlation,  and  were  not  even 
regarded  as  private  property.  It  was  not  until  the  end 
of  the  15th  century  that  a beginning  was  made  in 
this  respect  by  the  issue  of  “preservative  charters" 
to  a few'  landowners  against  the  cutting  of  w-rnM  by 
unauthorised  j>ersons.  In  the  law  code  of  the  1 -.ar 
Alexis  Mikhailovich,  there  is  a general  system  of 
punishments  laid  down  against  the  use  of  other  person-.’ 
wood,  but  it  was  only  in  the  reign  of  l-’eter  the  fireat 
that  the  Government  began  to  take  decisive  measure.', 
in  regard  to  the  forests  of  the  country.  In  1703  all 
wxods  and  forests  within  50  verstes(33*i5  miles;  of  the 
larger  rivers,  and  20verstes  {i3'2b  miles)  of  the  smaller 
ones  were  declared  to  be  “ zapovirdny,"  i.e.,  their 
destruction  was  interdicted.  I'unishment  by  death 
was  decreed  against  the  cutting  down  of  oak,  and  ten 
roubles  fine  for  the  destruction  of  ever\-  other  kind  cf 
tree.  With  the  establishment  of  a Ministry  of  .State 
Domains  in  1838,  the  authorities  began  to  attach  in.- 
portance  to  the  existence  of  woods  and  forests  of  the 
Crown,  and  to  the  establishment  of  acoij)S  of  feresters 
for  their  proper  management  and  cultivalicn.  'I  he 
results  of  these  measures,  which  continue  to  f perate;  t 
the  present  day,  were  very  important,  not  only  in  the 
sense  of  increasing  the  income  of  the  State,  but  in  its 
general  interests,  as  the  extent  of  forest  land  owned 
by  the  State  is  immense.  In  European  Ru.ssia  ah  nc 
the  State  ow  ns  tw  o-thirds  of  all  the  wxods  and  forest  . 
On  the  establishment  of  the  zemstvos,  in  the  si^tie^, 
many  of  the  assemblies  of  these  institutions  raised  the 
question  of  forest  presenation,  in  which  they  received 
the  strong  support  of  the  Minister  of  State  Dcmair.'  , 
Count  Valooief.  The  first  laws  for  the  presenation 
of  forests  were  then  draw  n up,  but  these  were  c^  r.- 
firmed  by  the  Emperor  only  in  18S8.  By  these  laws 
the  following  forests  and  coppices  may  be  rccagnis:-.! 
as  protected  throughout  European  Russia  and  the 
Caucasus: — (i)  Forests  cr  coppices  anesting  movab’e 
sands ; (2)  protecting  the  banks  of  rivers  or  ether 
waters ; (3)  growing  in  any  quantity  on  mountains, 
hills,  precipices,  and  slopes,  if  such  trees  cr  shrubs 
prevent  the  falling  of  earth  or  rock  ; and  (4)  protecting 
the  upper  reaches  of  and  sources  of  rivers  and  their 
tributaries.  Destructive  felling  of  trees,  and  the 
pastunng  of  cattle  in  young  woods,  cr  in  clearings,  are 
forbidden.  Land  irregularly  cleared  of  timber  mu;t 
be  replanted  by  the  owner,  and  so  forth.  For  the  jn;r- 
pose  of  carrying  out  these  laws,  a Forest  Preser\  ati  n 
Committee  exists  in  each  province,  presided  over  1 y 
the  Governor,  and  compesed  of  representatives  of  the 
nobility,  of  the  administration  of  the  law  courts,  of  the 
zemstvo,  and  the  owners  of  woods  and  forests. 
Down  to  the  ist  Januar}-,  1895,  there  were  3b,ooo,cxx) 
dessiatines  (97,000,000  acres)  of  forest  under  the 
supervision  of  these  committees,  including  7,000.000 
dessiatines  (19,000,000  acres)  of  peasant  land,  and 
19,000,000  dessiatines  (51,000,000  acres)  belonging  to 
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private  owners ; in  the  total  there  were  890,000 
dessiatines  (2,403,000  acres)  of  forest  recognised  as 
protected,  and  the  plans  of  arrangement  of  4,166,000 
dessiatines  (11,238,000  acres)  of  unprotected  forest 
had  been  sanctioned  by  the  Government.  There  are 
tracts  of  country,  however,  almost  destitute  of  forests, 
and  it  was  declared  by  scientific  authorities  that  it 
was  impossible  to  afforest  the  steppes,  but  that  has 
been  proved  not  to  be  the  case,  as  a forest  has  been 
created  on  the  steppe  in  the  so-called  Great  Anadolsky 
forest.  AVhat  was  formerly  a desert,  is  now  covered 
with  3,000  dessiatines  (8,100  acres)  of  fine  forest. 
Subsequently  the  work  of  afforesting  was  extended  to 
other  parts  of  New  Russia,  where  several  other  young 
forests  have  been  created.  The  Forest  Department 
add  about  750  dessiatines  (2,025  acres)  every  year,  and 
the  example  has  been  followed  by  private  individuals. 
It  is  also  worthy  of  remark  that  trees  have  been 
planted  to  withstand  the  shifting  sand  on  the  dunes 
near  Libau  and  Windau,  and  near  the  mouth  of  the 
Dneiper,  close  to  the  town  of  Aleshky,  and  in  general, 
measures  for  airesting  the  movement  of  sands  in 
different  localities  are  to  be  adopted  on  the  widest 
possible  scale.  At  present  the  forest  authorities,  while 
encouraging  the  private  cultivation  of  woods  and 
forests,  also  give  out  young  trees  for  planting  from  the 
existing  3 1 Government  nurseries,  and  offer  prizes  for 
forest  cultivation,  &c.  As  regards  the  forests  of  Siberia, 
these  all  belong  to  the  Government.  In  Western 
Siberia  alone,  the  forests  are  estimated  at  110,000,000 
dessiatines  (297,000,000  acres)  ; in  Eastern  Siberia 
the  forest  area  is  much  greater,  but  the  extent  of  it  is 
not  yet  known.  As  in  European  Russia,  the  enomious 
sylvan  wealth  of  Siberia  is  very  unequally  distributed, 
and  in  the  south  there  is  hardly  any  wood  at  all.  For 
a long  time  the  Siberian  forests  have  been  free  of  all 
supervision  and  control,  and  down  to  the  present  day 
the  law  recognises  the  right  of  the  denizens  of  Siberia 
to  the  free  use  of  forest  timber  for  all  requirements, 
including  the  construction  of  boats.  Owing  to  this 
attitude,the  accumulation  of  fallen  trees  and  branches, 
frequent  fires,  indiscriminate  felling  of  timber,  and  the 
pasturing  of  cattle,  &c.,  have  reduced  most  of  these 
forest  properties  to  a chaotic  condition,  and  in  the 
more  populated  localities  of  Siberia  there  has  even 
conic  to  be  a want  of  Vv’ood.  It  was  only  in  the 
sixties  that  regulations  were  introduced  in  AVestern 
Siberia  for  the  payment  of  forest  fees,  but  owing  to 
the  absence  of  control,  these  regulations  did  not  pro- 
duce much  benefit  until  a forest  department  and  a 
staff  of  keepers  had  been  instituted  in  that  region. 
A great  deal  of  effort  is,  of  course,  still  necessary  to 
put  order  into  the  forest  management  of  Asiatic 
Russia,  and  this,  it  is  said,  will  undoubtedly  be 
facilitated  greatly  by  the  growth  of  population,  the 
increasing  demand  for  timber,  and  its  advance  in  price. 


COMMERCIAL  CONDITIONS  IN  PERSIA. 

Cotton  goods  are  the  most  important  articles  of 
commerce  in  Persia.  They  are  imported  chiefly  from 


England,  but  Russia,  owing  to  its  vicinity,  has  j 
succeeded  in  introducing  considerable  Cjuantities  into  ; 
Northern  Persia.  In  all  financial  and  commercial  j 
operations  an  intermediaiy  called  a /el/al  must  be  i 
employed;  very  long  credits  are  always  granted,  and  ; 
it  is  difficult  for  a European  house  to  transact  business 
in  Persia  without  a representative.  The  woollen 
goods  used  are  generally  of  inferior  quality,  and  come 
from  Austria  and  Germany ; silk  comes  from  France, 
Gennany  and  Italy.  Most  of  the  silk  produced  in 
Persia  is  consumed  locally ; the  rest  goes  to  Russia, 
and  in  small  quantities  to  England.  Tea,  which  may 
be  called  the  national  drink,  comes  from  China  and 
India,  and  sells  at  about  2s.  per  lb.  The  consump- 
tion of  sugar  is  large,  and  it  is  imported  from  France 
and  Russia.  There  have  recently  been  constructed 
at  Kiserek,  about  15  miles  from  Teheran,  an 
establishment  with  Belgian  capital,  the  production  of 
wffiich  will  probably  decrease  the  import  of  sugar 
into  the  country.  The  importation  of  arms  is 
prohibited,  but  the  majority  of  the  inhabitants  are 
provided  wfith  them  ; there  is  much  smuggling  carried 
on  in  these  articles,  parts  of  guns  being  frequently 
concealed  in  bales  of  cotton.  In  the  export  trade  , 

opium  is  one  of  the  most  important  articles.  Pei-sian 
opium  is  not  so  highly  valued  as  that  fi-oin  Turkey, 
owing  to  the  fact  that  it  is  frequently  adultei-ated. 

The  opium  sent  to  London  is  prepared  in  a diffei'ent 
manner  from  that  exported  to  China.  If  the  roads 
w’ere  better,  wmol  would  become  a prominent  item  in 
the  export  trade.  There  are  millions  of  sheep,  and 
the  wool  is  of  good  quality.  Much  of  it  goes  to 
Russia,  some  to  France,  or  via  Marseilles  to  the 
United  States;  a certain  proportion  is  used  locally  in 
the  manufacture  of  carpets,  &cc.  Cotton  grows 
readily,  and  during  the  American  Civil  War,  when 
there  were  no  exports  from  that  country^  the  Persian 
production  reached  enormous  proportions,  but  it 
subsequently  fell  to  its  ordinary  level.  There  are 
excellent  fruits  in  Persia,  and  large  quantities  are 
dried  for  export.  The  commerce  in  gum  arabic  and 
tragacanth  is  important.  The  chief  centres  for  the 
manufacture  of  carpets  are  Suntairabad,  Korassan, 
Chiraz,  and  Kurdistan.  In  the  first  named  place,  one 
house  alone  employs  more  than  10,000  workmen.  In 
the  manufacture  of  carpets  a workman  receives  a little  , 
over  three  half-pence  a day,  and  a carpet  worth  y^8  is 
sometimes  in  the  hands  of  three  workmen  for  some 
six  months.  The  raw  materials  cost  very  little,  as 
cotton  and  wool  can  be  obtained  at  a very  low  price  | 
in  Persia.  ; 


Correspondence. 

♦ 

SEWING  NEEDLES  IN  GERMANY. 
Messrs.  Henry  Milward  and  Sons,  of  Redditch, 
take  exception  to  the  statements  made  by  the 
United  States  Consul  at  Annaberg,  which  were 
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noticed  in  the  Journal  of  November  5th  last 
(p.  1184),  and  send  the  following  rejdy  : — 

We  believe  that  there  was  a great  dejn'ession  in 
the  German  needle  industry  some  few  years  ago, 
but  that  after  the  Chino-Japanese  war  the  China 
market  became  very  active.  It  must  be  remembered, 
however,  that  the  needles  used  in  China  and  British 
India  are  of  so  low  a quality  and  price  that  they 
can  only  be  produced  in  a country  where  there  is 
an  ample  sujrply  of  cheap  and,  presumbly,  inferior 
labour,  such  as  is  not  to  be  found  in  England. 
This  disposes,  by  the  admission  of  the  Consul,  of 
about  70  per  cent,  of  the  wEole  German  trade. 
Again,  the  Consul  speaks  of  the  infant  industry 
of  a few  years  ago,  and  of  German  needles  now 
finding  their  way  into  the  English  market.  The 
industry  is  one  of  the  oldest  in  the  world,  and 
was  introduced  from  Germany  into  England,  the 
oldest  manufactories  now  existing  in  each  country 
claiming  equal  date,  while,  if  it  be  true  that  a very 
few  cheap  German  needles  find  their  way  into 
England,  a larger  quantity  of  the  best  English 
needles  are  sold  in  Germany.  The  great  civilised 
markets  of  the  -world  are  held  by  the  English 
manufactories,  and  the  greatest  and  best-equijiped 
manufactories  are  to  be  found  liere.  AVe  acknow- 
ledge with  regret  the  superior  advantages  for  ac- 
quiring technical  knowledge,  &c.,  enjoyed  by  the 
German  foremen  and  artisans,  which  is  only  partially 
compensated  by  the  superior  grit  of  the  English 
Avorkmen,  and  we  long  for  the  time  Avhen  the  nation 
will  direct  the  expenditure  of  the  money  now  allotted 
to  County  Councils  for  technical  education,  and, 
Avith  a definite  aim,  erect,  equip,  and  maintain  the 
technical  schools  Avhich  arc  to  be  found  throughout 
Gennany. 


Obituary. 


John'  Oldigeld  Chadwick,  F.C.A.— Air.  Chad- 

AA’ick,  Avho  had  held  the  offices  of  Auditor  of  the 
Society  of  Arts  since  1875  and  of  Examiner  in  Book- 
keeping since  1883,  died  at  his  residence  at  Hampstead 
on  the  1 2th  of  NoA'ember  last,  after  a short  illness. 
Air.  Chadwick  Avas  born  at  Alacclesfield,  Cheshire,  in 
1S35,  spent  the  earlier  portion  of  his  life  at  his 
native  place,  Avhere  he  Avas  educated  previously  to  his 
attendance  at  .St.  Alark’s  College,  Battersea.  IIcAvas 
one  of  the  early  members  of  the  Institute  of  Chartered 
Accountants,  and  took  an  actiAc  part  in  its  pro- 
ceedings, He  Avas  elected  a member  of  the  Society 
of  Arts  in  1872,  and  Avas  intimately  associated  AAith 
the  Society  from  the  time  he  became  its  professional 
auditor.  He  Avas  much  interested  in  questions  of 
a choeology  and  political  economy,  and  filled  the 
office  of  Vice-President  of  the  Royal  .Statistical 
Society  at  the  time  of  his  death. 


General  Notes. 

♦ 

I'aiN'UvRs’  ComI'ANV. — d he  Wi>rshi|iful  Company 
of  Painters  offer  a 'J'ravelling  .Stuilcntshiji  of  ^^50  f r 
the  encouragement  of  the  study  of  decorative  painting. 
The  studentshij)  is  open  to  competition  by  students 
betAveen  the  ages  of  20  and  35,  in  any  rccogniserl 
school  of  art  or  other  institution  devoted  to  the  study 
of  apjilied  art  in  any  form,  and  situate  Avithin  the 
limit  of  the  larger  metroj)olitan  jKJstal  area.  Co()i<-s 
of  the  rules  for  the  comi)etition  may  be  obtaine<l  from 
the  clerks  of  the  company,  Ikiinters’  Hall,  Littk- 
Trinity-lane,  E.C.,  on  or  before  the  loth  of  Deccinl>er. 
All  the  draAvings  sent  in  for  the  competition  mu-.t  l>e 
delivered  at  Painters’  Hall  on  or  before  isl  March, 
1898. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  AI e kting.s. 

Decemher  8. — “The  Alining  and  Mctallurgii;.al 
Industries  of  Sweden,  as  shoAvn  at  the  Stockholm 
Exhibition  of  1897.”  liy  BENNE'rr  H.  BKoffHt. 
The  Right  Hon.  Sir  Bernhard  Sameedson, 
Bart.,  E.R..S.,  Avill  preside. 

December  15. — “ The  Purification  of  .ScAvage  by 
Bacteria,”  By  Samuel  Ride:al,  D,. Sc.  Sir  Douglas 
Gallon,  K.C.B.,  E.R..S.,  Avill  preside. 

Papers  for  meetings  after  Christmas  : — 

“ The  Protection  of  Industrial  Property.”  By 
J.  F.  ISELIN. 

“ The  Projection  of  Luminous  Objects  in  .Space.” 
By  Eric  Bruce,  AI.A. 

“Aeronautics.”  By  Captain  B.  Baden-Poavell. 
“ Stage  Alechanism.”  By  Edwin  O.  Sach.s. 
“The  Recent  History  of  Papennaking.”  By 
Clayton  Beadle. 

“The  Preparation  of  Aleat  Extracts.”  By  C.  R. 
Valentine. 

“ Children’s  Sight.”  By  R.  Brudenell  Carter, 

F.R.C.S. 

“ Fireproof  Construction  of  Domestic  Buildings.” 
By  Thomas  Potter. 

“Compensation  toAVorkmen.”  By  A.  D.  ProVand, 
AI.P. 

“ The  Production  of  Loav  Temperatures.”  By  Dr. 
Carl  Linde. 

“ The  Cinematograph.”  By  JULES  Fuerst. 
“The  Present  Conditicn  of  the  Sugar  Industry.” 
By  T.  R.  Tuenell. 


Indian  Section. 

The  meetings  of  this  Section  Avill  take  place 
on  the  folloAving  Thiiisdays,  at  4.30  or 
8 o’clock 

January  20,  February  17,  Afarch  10,31,  April  28, 
Alay  19. 
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Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  afternoons  at  4.30 
o’clock  ; — ■ 

January  18,  February  15,  March  15,  April  5. 


Applied  Art  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  8 
o’clock : — 

January  25,  February  22,  March  8,  29,  April  26, 
May  17. 

Cantor  Lectures. 

The  following  courses  of  Cantor  lectures 
will  be  delivered  on  Monday  evenings,  at 
Eight  o’clock  : — • 

Dr.  Eugene  F.  A.  Opach,  F.I.C.,  F.C.S., 
M.I.E.E.,  “ Gutta  Percha.”  Three  Lectures. 

Lecture  II. — December  6. 

The  Cleaning  Processes. — Mechanical  cleaning 
process — Loss  during  mechanical  cleaning — Chemical 
washing  process — Chemical  hardening  process — Ex- 
traction from  raw  material  and  from  leaves  by  means 
of  solvents — Advantages  and  disadvantages  of  the 
different  processes — Natural  substitutes  for  gutta 
percha. 

Lecture  III.— December  13. 

The  Clean  Material.  — Chemical  composition, 
mechanical  and  electrical  properties — Application  for 
various  technical  purposes — Use  of  hardened  gutta 
percha  for  golf  balls — Absorption  of  oxygen  and 
behaviour  towards  ozone — Deterioration  and  pre- 
servation—Artificial  substitutes  for  gutta  percha — 
Concluding  remarks. 

Cyril  Davenport,  “ Decorative  Book- 
binding.” Three  Lectures. 

January  24,  31,  February  7. 

Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

February  14,  21,  28,  March  7. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.” 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 

Juvenile  Lectures. 

Two  Lectures,  suitable  for  a Juvenile 
audience,  will  be  delivered  on  Wednesday 
evenings,  the  5th  and  12th  of  January,  at 
Seven  p.m.,  by  William  Ramsay,  Ph.D., 
F.R.S.,  on  “ Fire.” 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Dec.  6 ...  SOCIETY  OF  ARTS,  John-street 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr 
Eugene  F.  A.  Obach,  “Gutta  Percha.”  (Lec- 
ture II. — “The  Cleaning  Processes.”) 

Farmers’  Club,  Salisbury-square  Hotel,  Fleet-street, 
E.C.  4 p.m.  Mr.  Reid,  “ British  Agriculture  under 
Free  Trade,  1846-1896.” 

Engineers,  in  the  Theatre  of  the  United  Service 
Institution,  Whitehall,  S.W.,  7J  p.m.  Reginald 
E.  Middleton,  “The  Pollution  of  Water  and  its 
Correction.” 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 p.m.  Mr.  H.  L.  Sulman  and  Dr.  F. 
Teed,  “ The  Sulman  - Teed  Process  of  Gold 
Extraction.” 

Imperial  Institute,  South  Kensington,  81  p.m.  Mr 
A.  J.  McMillan,  “ The  Mineral  Resources  of 
British  Columbia  and  the  Yukon.” 

Surveyors,  Savoy-street,  W.C.,  8 p.m.  Mr.  F. 
Punchard,  “ Royal  Commissioners’  Suggested 
Amendments  to  the  Agricultural  Holdings  Act, 
1883.” 

Geographical,  University  of  London,  Burlington 
gardens,  W.,  8J  p.m.  Lieutenant  R.  E.  Peaiy, 
“ Explorations  in  the  North  of  Greenland.” 
Camera  Club,  Charing-cross -road,  AV.C.,  8^  p.m. 

Exhibition  of  slides  of  Devonshire. 

Victoria  Institute,  8,  Adelphi -terrace,  W.C.,  8 p.m. 

Dr.  Lansdell,  “Ancient  Tithe-giving.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m 
Mr.  Henry  W.  Lucy,  “Parliaments  of  the  Queen.” 

Tuesday,  Dec.  7 ...  Civil  Engineers,  25,  Great  George- 
street,  S.W.,  8 p.m.  Discussion  on  papers  by 
Messrs.  Hugh  L Callendar  and  John  T.  Nicholson, 
“ The  Law  of  Condensation  of  Steam.” 
Pathological,  20,  Hanover-square,  W.,  8}  p.m. 
Anthropological,  3,  Hanover-square,  W.,  8^  p.m. 
Biblical  Archaeology,  37,  Great  Russell-street,  W.C., 
8 p.m. 

Colonial  Inst.,  Whitehall-rooras,  Whitehall-place, 
S.W.,  8 p.m.  Mr.  W.  Savllle-Kent,  “Australian 
Natural  History  Gleanings.” 

Wednesday,  Dec.  8. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  Bennett  H.  Brough, 
“ The  Mining  and  Metallurgical  Industries  of 
Sweden  as  shown  at  the  Stockholm  Exhibition  of 
18,7.” 

Royal  L'tcraiy  Fund,  7,  Adelphi-terrace,  W.C., 
3 P-m- 

Royal  Society^  of  Literature,  20,  Hanover-square, 
W.,  8J  p.m.  Mr.  Charles  Welch,  “London  Civic 
Ceremonial : Past  and  Present.” 

Thursday,  Dec.  9... Royal,  Burlington-house,  W.,  4I  p.m. 
Antiquaries,  Burlington-house,  W.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  6 p.m. 
Prof.  W.  Boyd  Dawkins,  “ The  Frontier  of  History 
in  Britain.” 

Electrical  Engineers,  25,  Great  George- street,  S.W., 
8 p.m.  Annual  Meeting. 

Mathematical,  22,  Albemarle- street,  W.,  8 pm. 

Friday,  Dec.  10. ..Civil  Engineers,  25,  Great  George-strect, 
S.W.,  8 p.m.  Mr.  Grote  Stirling,  “Permanent 
Way:  its  Construction  and  Relaying.” 
Astronomical,  Burlington-house,  8 p.m. 

J unior  Engineering,  W estminster  Palace  Hotel,  S. W., 
8 p.m.  Mr.  Basil  H.  Joy,  “ Main  Engine  Auxilia- 
ries in  the  Mercantile  Marine.” 

Clinical,  20,  Hanover-square,  W.,  8|  p.m. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  W.,  5 p.m. 

Saturday,  Dec.  ii... .Botanic,  Inner  Circle,  Regent’s-park, 
N.W.,  3I  p m. 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  fohn-si7-eet,  Adelphi,  Lotidon,  W.C. 


Notices. 


JUVENILE  LECTURES. 

The  usual  short  course  of  lectures  adapted 
for  a juvenile  audience  will  be  given  on 
Wednesday  evenings,  January  5 and  12, 
1898,  by  Professor  William  Ramsay,  Ph.D., 
F.R.S.,  on  “ Fire.” 

The  lectures  will  commence  at  7 o’clock. 
Special  tickets  are  required  for  these  lectures, 
which  can  be  obtained  on  application  to  the 
Secretary.  A sufficient  number  of  tickets  to 
fill  the  room  w'ill  be  issued  to  members  in  the 
order  in  which  applications  are  received,  and 
the  issue  will  then  be  discontinued.  Subject 
to  these  conditions,  each  member  is  entitled  to 
a ticket  admitting  two  children  and  an  adult. 
Early  application  should  be  made. 


CANTOR  LECTURES. 

Dr.  Eugene  Obach,  F.C.S.,  delivered  the 
second  lecture  of  his  course  on  “ Gutta 
Percha,”  on  Monday  evening,  December  6. 

The  lectures  will  be  printed  in  the  Journal 
during  the  Christmas  recess. 


Proceedings  of  the  Society. 
♦ 

FOURTH  ORDINARY  MEETING. 

Wednesday,  December  8,  1897;  The  Right 
Hon.  Sir  Bernhard  Samuelson,  Bart., 
F.R.S.,  in  the  chair. 

The  following  cadidates  were  proposed  for 
election  as  mem.bers  of  the  Society : — 

Hilditch,  James  Bracebridge,  Asgill-house,  Rich- 
mond, Surrey. 

Wattenbach,  Oscar,  15,  Long-lane,  E.C. 

Welton,  William  Shakspeare,  46,  Canfield-gardens, 

N.W. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 


Davies,  W.  J.,  Tupsley-lodge,  Hereford. 

Gandil,  Viggo,  care  of  Messrs.  Bewicke  and  Wulffsohn, 
Vancouver,  British  Columbia. 

Maitland,  Major-Gen.  Pelham  James,  C.B.,  United 
Service  Club,  Simla,  India. 

Sutherland,  Sir  Thomas,  f/.C.M.G.,  LL.D.,  M.P., 
4,  Buckingham-gate,  .S.W. 

Webster,  John  J.,  39,  Victoria-street,  S.W. 

Wells,  Henry  Hallifax,  16,  I’aternoster-row,  E.C. 
Wells,  William  James,  Beechurst,  Kingswood,  Rei- 
gate,  Surrey. 

Wilson,  John  William,  Drewton  Stray,  South  Cave, 
Yorkshire. 

The  paper  read  was — 

THE  MINING  AND  METALLURGICAL 
INDUSTRIES  OF  SWEDEN  AS  SHOWN 
AT  THE  STOCKHOLM  EXHIBITION. 

By  Bennett  H.  Brough, 

Assoc.  R.S.M.,  F.I.C.,  F.G..S. 

A whole  generation  has  passed  since  an 
exhibition  was  held  in  Sweden,  the  first 
Scandinavian  Exhibition  having  taken  place  at 
Stockholm  in  1866.  Since  that  date  the 
necessity  which  every  civilised  country  is  under 
to  keep  pace  with  the  progress  made  by  the 
rest  of  the  world  led  to  the  expression  of  a 
general  wish  for  an  exhibition  on  a large  scale 
which  should  show  the  resources  of  the  country^ 
and  the  present  state  of  science  and  art  in 
Sweden — in  short,  for  an  essentially  national 
exhibition  to  be  held  at  Stockholm  in  the  25th 
year  of  the  reign  of  King  Oscar  II.  On 
December  16,  1893,  the  leading  societies  and 
works’  proprietors  approached  the  King  with  a 
petition  giving  an  expression  to  the  popular 
wish  ; and,  the  suggestion  meeting  with  royal 
approval,  a commission  was  appointed  on 
April  27,  1894,  under  the  presidency  of  H.R.H- 
the  Crown  Prince,  to  consider  the  preliminary 
arrangements.  The  commission  carried  on  its 
work  in  two  sections — one  under  the  chairman- 
ship of  H.R.H.  Prince  Eugene,  dealing  with 
the  Fine  Arts  ; and  the  other,  under  the  chair- 
manship of  Baron  Tamm,  dealing  with 
Industry.  The  Fine  Art  Section  was  inter- 
national, but  exhibits  in  the  Industrial  Section, 
were  confined  to  Scandinavia  (Sweden,  Ncr- 
w'ay,  Denmark,  and  Finland).  The  exhibition 
wag  opened  on  IMay  15,  and  closed  on 
October  i.  The  industrial  exhibits  were 
divided  into  nine  sections:  — i.  Education; 
2.  Home  Industries  ; 3.  Civil  Engineering  and 
Architecture;  4.  ^Manufactures  ; 5.  Machines: 
6.  Navigation  and  Fisheries  ; 7.  Electricity  ; 

8.  Naval  and  ^Military  ; 9.  Sport  and  Travel. 
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The  site  chosen  for  the  Exhibition  was  the 
best  imaginable  on  account  of  its  natural 
beauties  and  of  its  being  easily  accessible. 
Eor  intrinsic  picturesqueness  and  natural 
beauty  of  situation  the  capital  of  Sweden  is 
unsurpassed  by  any  other  city.  Built  partly 
upon  eight  islands,  at  the  confluence  of  the 
fresh  waters  of  Lake  Malar,  with  the  salt 
waters  of  the  Baltic,  it  possesses  romantic 
features  not  to  be  met  with  in  other  capitals. 
The  Exhibition  buildings  were  placed  on  the 
narrow  tongue  of  land,  on  which  is  situated 


carrying  passengers  to  and  from  the  islands 
and  the  mainland.  The  grounds  covered  an 
area  of  228,800  square  yards,  or  taking  in  the 
Skansen  gardens  which  were  accessible  to 
visitors  without  extra  charge,  the  total  area 
exceeded  440,000  square  yards. 

The  most  important  of  the  hundred  buildings 
comprising  the  Exhibition  was  the  Industrial 
Hall  (Fig.  i),  designed  by  Mr.  F.  Boberg,  the 
architect  whose  originality  and  good  taste  was 
well  shown  in  so  many  of  the  smaller  buildings. 
This  covered  an  area  of  over  16,500  square 


Fig.  I. 


Industrial  Hall  at  the  Stockholm  Exhibition. 


the  beautiful  deer  park  (Djurgurden),  Stock- 
holm’s pride  and  pleasure-resort,  in  full  view 
of  the  bridge  leading  to  the  city.  The  Ex- 
hibition grounds  were  bounded  on  the  east  by 
the  narrow  waters  of  the  Djurgurdsbrunnsvik, 
on  the  west  by  the  harbour  of  Stockholm,  and 
on  the  south  by  the  steep  richly-wooded  hill, 
where  the  unique  botanical  and  zoological 
gardens  of  Skansen  represent  in  an  enclosure 
of  40  acres  a miniature  Sweden.  The  Exhibi- 
tion was  easily  reached  by  numerous  tramways 
and  by  the  small  steamboats  constantly 


yards.  The  massive  dome,  which  like  the  rest 
of  the  hall  was  painted  in  brilliant  colours, 
rose  to  a height  of  320  feet.  Round  the  dome 
were  four  minarets,  in  which  staircases  and 
elevators  gave  access  to  a balcony  whence  a 
magnificent  view  could  be  obtained  of  the 
Exhibition  buildings,  of  the  city  of  Stockholm, 
and  of  its  thickly  wooded  environs.  The 
Industrial  Hall  was,  I believe,  the  largest 
wooden  edifice  ever  built.  Picturesquely  sur- 
rounded by  the  other  buildings,  it  formed  the 
centre  of  a striking  panorama  in  which  were 
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•noticeable  the  handsome  administrative  offices, 
the  Northern  Museum,  the  Fishery  Court,  the 
Fair>^  Grotto,  the  Horseshoe  Restaurant,  the 
Chemical  Industrial  Hall,  the  section  of  Sport 
and  Travel,  the  Fine  Arts  Court  with  an 
imposin.s:  equestrian  statue  of  King  Carl 

Gustavus,  and  the  quaint  reproduction  of  old 
Stockholm  in  the  year  1500,  whilst  high  in  the 
air  was  an  overhead  wire  ropeway  carrying 
visitors  across  the  water  to  the  Exhibition. 

For  the  foreigner  weary  of  world’s  fairs,  the 
great  charm  of  the  Stockholm  Exhibition  was 
the  absence  of  a “Midway  Plaisaunce,”  of  cafes 
chantants,  of  side-shows,  of  Hungarian  bands, 
in  short  of  the  inevitable  catch-penny  recreative 
department.  It  afforded  a welcome  return  to 
the  traditions  of  the  Great  Exhibition  of  1851. 
Systematically  arranged  with  descriptive  labels 
and  fully  described  in  the  excellent  catalogues 
and  guide-books  available,  the  exhibits  gave  a 
clearer  idea  of  the  resources  of  the  country 
than  could  be  obtained  by  years  of  travel  and 
exploration,  and  in  no  section  was  this  more 
patent  than  in  that  of  mining  and  metallurgy. 

I.  The  Mining  Exhibits. 

Among  the  mining  countries  of  the  world, 
Sweden  occupies  a prominent  position.  Its 
mineral  deposits  cover  a vast  area  ; its  mines 
"have  been  worked  without  interruption  since 
prehistoric  times,  and  its  iron  has  long  been 
world-famed  for  its  purity  and  excellence.  It 
was,  therefore,  to  be  expected  that  in  a Swedish 
exhibition,  the  exhibits  relating  to  mining  would 
Te  of  the  greatest  interest,  and  at  Stockholm 
tliey  justly  occupied  a prominent  position. 
Seeing  that  the  central  committee  of  the  Ex- 
hibition included  the  names  of  such  eminent 
•metallurgists  as  Baron  C.  G.  A.  Tamm  ; A. 
H.  Goransson,  of  Sandviken  ; C.  C.  Linberg 
cf  Laxa ; E.  J.  Ljungberg,  of  Falun ; K. 
Soderblom,  of  Eskilstuna  ; G.  W.  S.  Tham, 

O 

■of  Husqvarna  ; R.  Akerman,  the  Director  of 
the  Swedish  Board  of  Trade  ; and  H.  Lund- 
bohm,  the  geologist,  it  was  not  surprising  to 
find  that  the  exhibits  had  obviously  been  chosen 
with  unusual  judgment.* 

® For  most  of  the  information  given  I am  indebted  to 
the  exhaustive  and  authoritative  literature  available  in 
the  “ Officicl  Katalog  ofver  Industriafdelningcn,”  and 
the  “ Officiel  Vagvisare,”  published  by  the  exhibition 
authorities,  the  catalogue  of  the  central  Swedish  mining 
■exhibit,  by  Professor  Nordenstrbm,  the  same  author’s 
account  of  the  mining  industry,  published  by  the  Jern- 
Icontor,  and  the  official  mineral  statistics,  compiled  by  the 
General  Director,  R.  Akerman,  of  the  Swedish  Board  of 
Trade.  I am  also  under  great  obligations  for  valuable  verbal 
explanations  to  Professor  Nordenstrbm,  to  Professor  Wiborgh, 
to  Mr.  J.  C.  Kjellberg,  to  Captain  Herlenius,  and  to  several 
other  gentlemen  whose  names  are  mentioned  in  the  paper. 


Some  of  the  leading  ironworks  had  their 
exhibits  arranged  in  pavilions  of  their  own. 
Many  were  placed  in  the  great  Industrial  Hall, 
but  the  collective  exhibit  from  the  mines  of  the 
central  iron  ore  district  of  Sweden  was  shown 
in  two  red-painted  buildings,  one  having  the 
shape  of  a shaft  head  gear,  and  the  other  of  a 
mine  dressing  floor.  From  the  second  floor  of 
the  latter  proceeded  an  aerial  wire  ropeway  to 
the  adjoining  hill  of  Skansen,  in  which  a short 
tunnel  had  been  blasted  in  order  to  afford 
visitors  an  opportunity  of  seeing  an  electric 
rock-drill  at  work.  The  shaft-tower  had  an  area 
at  the  base  of  75  square  yards,  and  a height 
of  82  ft.,  while  the  dressing  floor  was  82  ft.  long 
and  33  ft.  wide. 

The  development  of  the  mineral  resources  of 
Sweden  has  been  much  facilitated  by  the  fact 
that  the  country  is  well  supplied  with  railways, 
the  greater  portion  of  the  lines  serving  the 
mining  districts,  and  permitting  the  ores  to  be 
transported  in  all  directions.  Although  there 
were,  in  1856,  not  more  than  forty-one  miles  of 
railways  for  locomotives,  at  the  present  time 
no  other  country  in  Europe  has  so  great  a length 
of  railway  per  inhabitant.  This  is  shown  in  the 
following  Table,  which  (on  the  authority  of  the 
Journal  Officiel,  of  October  28,  1897)  gives 
the  number  of  miles  of  railway  per  10,000 
inhabitants  on  January  i,  1897 


Miles. 

Miles. 

Sweden  . . 

12-5 

Holland  and  ) 

3-8 

Switzerland 

7-4 

Luxemburg  j 

France  . . 

6-6 

Roumania 

3*3 

Denmark 

6-1 

Italy 

3-0 

Norway.. 

6*0 

Portugal 

2-8 

Germany 

5-6 

Greece  . . 

27 

Belgium 

5*6 

Russia  . . 

2’3 

United  Kingdom 

5-4 

Servia  . . 

2-3 

Austria  Hungary 

4-5 

Turkey  . . 

17 

Spain 

4-2 

At  the  present 

time 

Sweden  possesses 

6,154 

miles  of  railway. 

The  geological  structure  of  Sweden  was 
clearly  elucidated  by  the  complete  collection 
of  geological  maps  and  specimens  exhibited  in 
a large  hall  by  the  Geological  Survey  (Sveriges 
geologiska  undersdkning),  a Government  insti- 
tution, founded  in  1858.  This  exhibit  formed 
one  of  the  most  instructive  mineralogical  collec- 
tions ever  brought  together.  From  the  maps 
shown  it  was  evident  that  a large  portion  of  the 
surface  of  Sweden  is  composed  of  crystalline 
rocks,  such  as  granite,  gneiss,  porphyry, 
granulite,  and  halleflinta  (petrosilex).  In  the 
two  last  the  most  important  metalliferous 
deposits  occur.  The  crystalline  Primary  rocks 
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are,  as  a rule,  covered  by  beds  of  Quaternary 
age.  The  intermediate  formations  occupj'^  a 
restricted  area,  and,  of  these,  rocks  of  Silurian 


Among  the  various  minerals,  met  with, 
Sw^eden  is  chiefly  remarkable  for  its  excellent 
iron  ores.  Other  minerals  occur  in  much 
smaller  quantities,  the  most  important  being 
the  ores  of  copper  and  zinc ; then  follow  in 
order  silver  ores,  lead,  manganese,  nickel 
pyrites,  and  last  cobalt  ores  and  graphite.  In 
the  south  of  Sweden,  where  Jurassic  rocks  are 
met  with,  beds  of  coal  occur  and  are  worked  on 
a fairly  large  scale. 


Iro7t  Ore  Deposits. 

The  Swedish  iron  ores  occur  chiefly  in  three 
forms  : — , ; 

(i.)  Magnetite,  often  containing  as  much^  as  6 
to  ro  per  cent,  of  manganese.  Phos- 
phorus is  usually  absent,  but  -frequently 
the  ore  is  associated  with  iron  pyrites. 
The  deposits  occur  in  crystalline  rocks 
in  lenticular  beds  parallel  to  the  en- 
closing strata. 

(2.)  Red  haematite,  as  hard  and  massive 
specular  iron  ore,  in  veins  sin  quartzite 
and  granite. 

(3.)  Brown  iron  ore  of  recent  age  extending 
over  the  bottom  of  lakes  or  occurring  as 
bog  iron  ore.  Last  year  in  Swedeti  925 
tons  of  these  ores  were  collected. 

Of  the  mines  working  iron  ore  containing 
very  little  phosphorus,  the  following  may  be 
selected  as  typical  examples  from  among  the 
many  mines  exhibiting  specimens,  plahs, 
photographs,  and  models. 

I .  In  the  metalliferous  district  of  Kopparberg 
and  Westmanland,  a district  noted  for  the  rich 
copper  deposit  at  Falun,  well  arranged  exhibits 
were  shown  by  Bispberg  and  Norberg  mines. 
The  former  has  been  worked  for  more  than  500 
years,  a charter  relating  to.  these  mines,  dated 
the  22nd  March,  1388,  being  known  to  exist. 
The  ore  worked  contains  70’ 7 per  cent,  of  iron 
and  0-0045  per  cent,  of  phosphorus.  The  out- 
put last  year  amounted  to  13,071  tons.  The 
Norberg  mines  were  worked  at  a still  earlier 
date,  the  oldest  document  relating  to  the  mines 
dating  back  to  1303.  The  oldest  charter  was 
shown  at  the  Exhibition  ; it  was  signed  in  1354 
by  King  Magnus  Eriksson.  The  magnitude 
of  the  mines  at  the  present  time  is  shown  by 
the  fact  that  last  year  58,500  lbs.  of  high  ex- 
plosives were  consumed,  the  output  of  red 
haematite  amounting  to  6,771  tons. 


2.  In  the  province  of  Wermland,  the  chief 
mines  exhibiting  included  the  mines  of  the 
Persberg  Company  which,  having  been 
worked  since  1360,  produced  last  year  27,100 
tons  of  magnetic  iron  ore  ; the  Taberg  mines, 
which  produced  last  year  7,555  tons  of  magnetic 
iron  ore  containing  54-36  per  cent,  of  iron  and 
0-008  per  cent,  of  phosphorus  ; and  the 
Ldngban  mines,  which  produced  last  year 
1,267  of  magnetite,  4,500  tons  of  haema- 
tite, and  1,564  tons  of  rich  manganese  ores. 

3.  In  the  province  of  Upsala  are  situated  the 
far-famed  Dannemora  mines,  where  the  beds 
of  magnetic  iron  ore  have  a characteristic 
lenticular  shape,  and  form  a huge  deposit 
which  has  been  worked  since  1481  along  the 
outcrop  for  a distance  of  more  than  a mile. 
In  the  middle  the  deposit  is  more  than  180  ft. 
in  thickness.  The  annual  output  of  the  mines 
amounts  to  55,000  tons;  six  steam-engines  of 
218  horse-power,  and  four  turbines  of  136  horse- 
power being  used  for  winding  and  pumping. 
Here,  in  1805,  the  first  steam-engine  for  pump- 
ing was  used  in  Sweden. 

4.  In  1886  I had  an  opportunity  of  studying' 
a deposit  of  great  geological  interest,  not 
shown  at  the  Exhibition,  as  mining  is  not  now 
being  carried  on,  namely,  that  of  the  Taberg, 
near  Jonkoping,  not  to  be  confused  with  the 
Taberg  mines  in  Wermland.  This  forms  a hill 
rising  400  ft.  above  the  surrounding  gneiss. 
The  entire  mountain  consists  of  a granular 
crystalline  mixture  of  magnetite  and  olivine, 
but  as  it  does  not  contain  more  than  31  per 
cent,  of  iron,  it  cannot  at  the  present  time  be 
worked  at  a profit.  The  deposit  is  one  of  great 
magnitude,  and  it  is  to  be  hoped  that  eventually- 
some  economical  method  of  concentrating  the 
ore  will  be  found. 

5.  Of  the  deposits  of  iron  ore  rich  in  phos- 
phorus, those  worked  at  Grangesberg  in  the 
province  of  Kopparberg  were  well  illustrated  at 
the  Exhibition.  The  mines,  now  the  most 
productive  in  the  country,  have  been  worked, 
more  or  less,  since  1600,  but  owing  to  the  high, 
per-centage  of  phosphorus,  and  to  the  demand 
for  pig  iron  free  from  phosphorus,  little  was. 
done  till  the  invention  of  the  Thomas  and 
Gilchrist  process  of  steel  making  rendered  it 
possible  to  utilise  these  ores.  Since  1882  there 
has  been  a large  export  trade  in  them  to 
Germany  and  Austria.  This  is  well  shown  by 
the  following  figures,  copied  from  a graphic 
diagram  exhibited : — 
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Output. 

Exports. 

Year. 

Tons. 

Tons. 

1882 

48,000 

— 

1884 

70,000 

20,000 

1890 

172,000 

130,000 

1891 

222,000 

135,000 

1892 

270,000 

175,000 

1893 

285,000 

205,000 

1894 

425,000 

320,000 

1895 

590,000 

370,000 

1896 

639,000 

550,000 

The  ores  mined  exist  in  three  parallel  lines 
of  large  lenticular  bodies  extending  for  three 
and  a quarter  miles.  The  surrounding  rock 
consists  of  granulite.  The  proportion  of  iron 
in  the  ore  exported  varies  from  6i  to  63  per 
cent.  It  is  shipped  from  Oxelsosund.  The 
mines  are  worked  largely  by  quarrying,  and 
the  nature  of  the  operations  was  well  shown  in 
a fine  painting  exhibited  by  Mr.  A.  Jungstedt. 
Most  of  the  machinery  is  worked  by  electric 
power,  and  the  installation  was  the  first  long 
distance  transmission  of  power  in  Sweden,  the 
distance  from  the  turbines  at  the  Hellsjo  lake 
to  Grangesberg  being  miles.  Dynamite  is 
used  for  blasting,  and  is  manufactured  on  the 
spot. 

6.  The  remarkable  deposits  of  Gellivare, 
Luossavaara,  Kiirunavaara,  are  exceedingly 
rich,  but  owing  to  their  geographical  position 
(lat.  67°  20'  N.)  have  only  since  1892  become  of 
practical  importance.  They  were  well  repre- 
sented at  the  Exhibition  by  numerous  specimens 
of  ore,  mine  plans,  a geological  model  of  the 
Gellivare  iron  mountain,  and  a large  oil 
painting  of  Kiirunavaara  and  Luossavaara. 
The  Gellivare  deposits  are  four  to  five  miles 
long,  by  one  to  two  miles  broad,  and  are  of 
enormous  thickness.  They  occur  in  red  gneiss, 
and  consist  of  magnetite.  The  ores  are  of  two 
kinds,  one  with  a guaranteed  maximum  of 
phosphorus,  and  the  other  with  a guaranteed 
minimum,  the  former  being  due  to  an  admixture 
of  apatite.  They  are  classified  into  the 
following  five  grades  : — 

Iron.  Phosphorus 

Per  cent.  Per  cent. 


A 68-69  " <^’^5 

B 67-68  . . o-i 

C 65-67  . . 0-8 

63-64  ..  0-7 

E 60-00  ..  1-5 


The  last  is  not  exported. 

The  production  of  the  Gellivare  mines  last 
year  amounted  to  604,357  tons  of  magnetic 
iron  ore,  and  it  is  estimated  that  there  is 


enough  ore  above  the  surface  level  to  last  for 
200  years. 

On  the  way  to  Victoriahavn,  on  the  always 
accessible  west  coast  of  Norway,  the  projected 
railway  from  Gellivare  passes  the  deposits 
of  Kiirunavaara  and  Luossavaara.  These 
are  similar  in  character  to  those  at  Gellivare. 
The  similar  deposit  of  Svappavara  akso  con- 
tains a large  amount  of  ore,  but  being  off 
the  railway  route  can  be  regarded  only  as  a 
reserve. 

In  1896,  the  iron  ore  shipped  from  Lulea, 
amounted  to  625,795  tons,  compared  with 
384,007  tons  in  the  previous  year.  The 
greater  portion,  448,315  tons,  was  taken 
by  Germany.  Great  Britain  followed  with 
91,400  tons,  Belgium  with  62,350  tons,  and 
France  with  21,550  tons. 

When  the  new  railway. to  the  Norwegian 
coast  is  completed,  large  ironworks  will  pro- 
bably be  built  on  the  Norwegian  side.  There 
are  some  2,000  miners  employed  at  Gellivare, 
the  majority  earning  4s.  a day.  The  Gellivare 
deposits  have  been  fully  described  by  Mr. 
Jeremiah  Head.* 

From  the  338  iron  mines  in  operation  in 
Sweden  last  year,  there  was  raised3, 646,1  i4tons 
of  material,  from  which  was  obtained  1,780,903 
tons  of  dressed  magnetite  and  257,191  tons  of 
red  haematite,  making  a total  production  of 
2,038,094  tons.  It  is  curious  to  note  that 
in  1870,  when  David  Forbes  wrote  his  papert 
on  the  iron  ores  of  Central  Sweden,  the  total 
production  was  only  630,000  tons. 

Other  Metalliferous  Deposits. 

Let  us  turn  now  to  the  ores  of  other 
metals. 

The  Swedish  copper  ores  are  composed 
in  almost  all  cases  of  copper  pyrites  mixed, 
more  or  less,  with  iron  pyrites,  magnetic 
pyrites,  zinc-blende,  galena,  amphibole,  and 
quartz.  The  mean  proportion  of  copper  varies 
as  a rule  from  2 to  5 per  cent.  The  copper 
mine  of  the  greatest  interest  is  that  of  Falun, 
the  most  ancient  and  most  extensive  mine 
in  Sweden,  models  and  photographs  of  which 
were  well  represented  in  the  magnificent  col- 
lection exhibiting  the  resources  of  the  Stora 
Kopparberg  Mining  Compan}-,  the  owners  of 
the  mine.  The  deposit,  which  has  been 
worked  for  nearly  700  years,  originally  as  an 
open  quany,  is  in  many  respects  similar  to 
the  Rio  Tinto  deposit.  The  lenticular  masses 

* “ Journal  of  the  Iron  and  h'teel  Institute,”  1805,  No.  ii 
(P-  364-) 

+ Ibid,  1871 ; p.  469. 
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of  ore  extend  over  an  area  4|-  miles  long  and 
2^  miles  wide.  The  mine  produced  last  year 
15,654  tons  of  copper  pyrites.  Two  varieties 
of  ore  are  raised,  hard  and  soft.  The  former 
consists  of  quartz  with  interspersed  copper 
pyrites.  Up  to  the  beginning  of  the  i8th 
■century  mining  was  carried  on  by  fire  setting, 
and  the  annual  consumption  of  wood  for  this 
purpose  rose  to  more  than  2,000,000  cub.  ft. 
Several  times  the  masses  of  timbering  caught 
fire,  and  the  mine  caved  in.  The  old  methods 
"of  working  gave  rise  to  such  disasters  in  1687, 
1833,  and  1876  ; the  most  serious  was  that  of 
'•  1687,  which  formed  a huge  chasm  1,180  ft. 

long,  600  ft.  broad,  and  285  ft.  deep.  Improved 
' methods  of  working  to  obviate  the  recurrence 
■ -of  such  catastrophes  were  introduced  in  1877. 
Accurate  statistics  of  production  have  been 
kept  since  a very  remote  period.  These  show 
that  the  total  output  of  the  mine  represents  a 
value  of  more  than  £^^,^00,000  sterling.  The 
greatest  production  was  obtained  in  1651,  when 
the  amount  of  metallic  copper  made  was  3,066 
tons,  and  the  lowest  in  1833,  when  the  pro- 
duction was  338  tons.  At  the  present  time 
thfe  copper  is  usually  sold  in  the  form  of  copper 
vitriol,  of  which  1,506,398  tons  were  made  last 
year.  Besides  this,  the  works  produced  300 
tons  of  sulphate  of  iron,  2,000  tons  of  sulphuric 
acid.  1,000  tons  of  red  ochre,  300  kgs.  of  silver, 
and  100  kgs.  of  gold. 

The  red  ochre  referred  to  is  obtained  by 
■calcining  the  products  of  the  weathering  of 
the  iron  pyrites.  It  is  used  throughout  Sweden 
for  painting  the  farmhouses,  cottages,  and 
mine  buildings,  and  is  so  general  that  it  forms 
a characteristic  feature  of  Swedish  scenery. 

The  mine  at  Falun  is  1,200  feet  deep,  and 
its  underground  roadways  have  a total  length 
-of  about  18  miles. 

Of  zinc  mines  the  most  important  are  those 
-of  Ammeberg,  bought  in  1857  by  the  Vieille 
Montagne  Company.  They  produced  last 
year  16,332  tons  of  zinc  ore,  and  572  tons 
of  silver  lead  ore.  The  deposits  consist  of 
beds  of  zinc  blende  in  gneiss.  Of  silver  lead 
mines  the  most  important  are  the  ancient 
mines  of  Sala  where  argentiferous  galena 
occurs  in  lenticular  masses  in  limestone. 
These  mines  produced  last  year  4,745  tons. 
Among  the  objects  of  historical  interest  ex- 
hibited in  connection  with  them  were  the  mine 
bucket  in  which  King  Carl  XI.  descended  the 
mine  on  August  13th,  1687,  and  a section  of  the 
mine  drawn  by  Olof  Trygg  in  1639.  Other  plans 
of  the  mines  which  were  exhibited  by  the  Royal 
Board  of  Trade,  dated  from  1642  and  1662. 


The  production  of  ores  of  metals,  other 
than  iron,  from  the  84  Swedish  mines  last 
year,  was  as  follows  : — 


Ores. 

Quantity  (tons). 

Value  (;^.) 

Gold 

736  . . 

1,278 

Silver  and  Lead 

....  15.381  .. 

. . 16,258 

Copper  .... 

....  24,351  ... 

..  17,961 

Zinc  . . . 

....  44,041  ... 

.•  71.455 

Manganese 

2,056  ... 

..  1,566 

Iron  Pyrites 

....  1,009 

630 

Coal. 

The  coalfield  of  Scania,  in  the  extreme 
southern  portion  of  the  kingdom,  is  of  Jurassic 
age,  and  consists  of  alternating  beds  of  sand- 
stone, shale,  clay  and  coal,  the  total  thickness 
of  the  coalseams  not  exceeding  5 ft.,  of  which 
not  more  than  i ft.  6 in.  consists  of  coal,  while 
the  remainder  is  shale.  Immediately  below 
the  coalseams  there  is  a fireclay  bed  of 
excellent  quality,  which  is  worked  with  the 
coal.  The  seams  are  horizontal  or  but  slightly 
inclined.  The  height  from  roof  to  floor  varies 
between  3 ft.  and  5^  ft.,  while  the  roof  generally 
consists  of  fairly  solid  sandstone.  In  the 
Hoganas  colliery  the  seam  is  first  holed  in  a 
bed  of  soft  shale  to  a depth  of  a yard  and  for  a 
length  of  about  four  yards.  The  coal  above 
the  undercut,  except  that  of  best  quality  which 
is  kept  up  provisionally  by  props,  is  then 
brought  down  by  wedges  and  picks  ; and,  when 
the  work  has  been  pursued  in  this  manner  as 
far  as  local  circumstances  permit,  the  best  coal 
is  brought  down  in  large  lumps.  Lastly, 
the  underclay  is  taken  out  by  means  of  wedges 
and  picks.  Of  the  three  clay  beds,  which  are 
directly  superposed  in  this  colliery,  the  upper  is 
always  taken  out,  and  the  second  if  required, 
but  rarely  the  third.  Explosives  are  only  used 
for  sinking  shafts  and  driving  stone-drifts, 
although  firedamp  has  never  been  met  with 
in  Scanian  collieries.  Only  two  colliery 
companies  exhibited,  the  Billesholm-Bjufs 
Company,  and  the  Hoganas  Company.  The 
latter  celebrated  on  September  4th  last,  the 
1 00th  anniversary  of  its  existence. 

The  development  of  the  Swedish  coal- 
mining industry  is  well  shown  by  the  following 
statistics  of  production  ; — • 


Year. 

Tons. 

i860 

26,476 

1870 

36,727 

1880 

100,875 

1890 . . 

187,512 

1895 

223,652 

1896 

225,848 

Last  year  the  output  of  the  various  collieries 
was  as  follows  ; — 
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Colliery. 

Shafts.  ] 

Coal. 

Fireclay. 

Skromberga  

2 

Tons. 

46,336 

Tons. 

217 

Boserup 

I 

! 1,735 

— 

Hoganas 

2 

! 52,742 

35,991 

Bille.sholm  

3 

76,615 

36,482 

Ljungsgarda  .... 

I 

2,512 

4,540 

Bjuf 

2 

45,809 

33,692 

Stabbarp 

I 

99 

9,504 

Total .... 

12 

225,848 

120,426 

Depth  of  Mines. 

I With  regard  to  the  persistency  of  the 
deposits  in  depth,  it  may  be  noted  that  some 
I of  the  copper  mines  have  been  worked  to  a 
I depth  of  more  than  1,300  feet.  Thus  the 
! Atvidaberg  copper  mines  have  a vertical 
depth  of  1,350  feet.  These  are  the  deepest 
mines  in  Sweden.  The  Sala  silver  lead  mines 
have  a depth  of  1,050  feet.  Of  the  iron  mines 
those  of  Taberg  in  Wermland  and  of  Dalkarls- 
berg  have  a depth  of  1,170  feet  and  1,080  feet 
respectively.  Other  deposits,  even  those  worked 
from  time  immemorial  are  not  nearly  so  deep. 
The  amount  of  ore  available  is  well  shown  by 
the  following  figures  giving  the  areas  of  the 
horizontal  sections  of  the  various  deposits  : — 


Mines. 

Area  of 
Horizontal 
Section 
of  iron  ore. 

Percentage 
of  iron. 

Kininnavaara-Luossavaara 

Square  yards. 

600,000 

61  to  72 

Routivare  

360,000 

50-27 

Taberg  (Smaland) 

3 1 2, COO 

31*45 

Gellivare 

240,000 

61-30 

Grangesberg  

108,000 

62-80 

Svappavaara  

45,600 

50  to  73 

Norberg 

36,000 

59*44 

Dannemora 

14,400 

57*46 

Striberg  

1 1,040 

60-76 

Persberg 

8,520 

61-78 

Stripa 

7,200 

45-00 

Kanntorp  

7,200 

62-70 

Nordmark  

6,000 

59*70 

Strassa  

5,640 

53*20 

Pershyttan 

3,840 

42-67 

Finnmosen  | 

; 3,480 

82-30 

Dalkarlsberg  j 

3,444 

61-80 

Skottgrufvan j 

3,336 

56-80 

Bispberg 

2,400 

70-70 

Other  mines  

74,700 

— 

Total 1 

1,852,800  1 

— 

All  these  deposits  deviate  but  slightly  from 
the  vertical,  the  areas  given  afford  a fairly 
accurate  idea  of  their  magnitude. 

Methods  of  Working. 

The  ores  of  most  frequent  occurrence  in 
Sweden,  those  of  magnetic  iron,  are  always, 
more  or  less  polar.  Indeed,  the  red  haematites 
are  almost  always  sufficiently  mixed  with 
magnetite  to  attract  the  magnetic  needle.  For 
this  reason  explorations  for  iron  ore  are  invari- 
ably made  with  a compass,  specially  con- 
structed for  the  purpose.  This  instrument, 
invented  in  the  last  century  by  the  celebrated 
Swedish  miner,  Daniel  Tilas,  consists  of  a 
circular  brass  box,  in  which  a magnetic  needle 
is  horizontally  suspended  on  a long  vertical 
brass  pin,  by  means  of  a long  glass  cap.  The 
brass  terminates  above  in  a short  steel  point  on 
which  the  cap  rotates.  At  the  bottom  of  this 
is  a brass  stirrup,  provided  with  fine  holes, 
through  which  pass  the  horizontal  pins  sup- 
porting the  needle.  To  enable  the  needle  to 
dip,  there  is  a long  slot  cut  along  the  middle 
of  it.  Thus  the  needle  can  move  both  in  a 
horizontal  and  in  a vertical  plane  ; and  it  is 
balanced  in  such  a way  that  it  takes  a hori- 
zontal position  when  acted  on  by  terrestrial 
magnetism  alone.  In  using  this  instrument 
for  prospecting  purposes,  it  is  necessary  to  ob- 
serve merely  the  dip  of  the  needle.  In  this  way 
it  is  easy  to  ascertain  the  existence  of  attractive 
iron  ore,  and  the  approximate  extent  of  the 
deposits,  even  when  they  are  covered  by  other 
strata  or  by  water.  When  the  lakes  are  frozen 
over  in  winter,  prospecting  in  this  way  is  easy. 

Nearly  all  the  Swedish  deposits  have  been 
discovered  by  the  aid  of  this  simple  instrument,, 
and  it  is  still  in  general  use  for  preliminary 
surveys.  Of  late  years,  however,  more  delicate, 
magnetic  instruments  have  been  introduced 
for  obtaining  more  exact  information  regarding 
the  magnetic  conditions  of  the  iron  ore  deposits.. 
These  are  Thalen’s  magnetometer,  and 
Tiberg’s  inclination  balance,  particulars  of 
which  it  was  my  privilege  to  bring  before  the 
notice  of  English  readers  in  a paper  read  ten 
years  ago.*  At  Stockholm  the  magnetometric 
collection  arranged  by  Professor  Nordenstrom. 
w'ho  is  second  to  none  in  his  skill  in  the  applica- 
tion of  these  methods,  was  one  of  the  most 
striking  exhibits  ever  got  together.  On  a glass 
table  on  which  the  plan  of  a deposit  was 


* “ Use  of  the  Magnetic  Needle  in  Exploring  for  Iron 
Ore,”  Journal  0/  l/ie  Iron  and  Sleel /nsltlu/e,  ibSy,  p.  280. 
See  also  B.  H.  Brough’s  “ Treatise  on  Mine  Sur\  eying,”  6th 
edition,  1897,  p.  296. 
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drawn,  and  under  which  was  placed  an  old 
propeller  blade  representing  the  deposit,  the 
various  instruments  were  placed  and  their 
use  demonstrated.  There  was  also  a complete 
collection  of  ancient  and  modern  mining  com- 
passes, and  of  magnetic  plans.  The  latter 
included  that  drawn  by  F.  von  Scheele  in  1832, 
the  oldest  magnetic  mine  plan  extant,  whilst 
among  the  modern  magnetic  plans  was  one 
drawn  last  year  from  surveys  made  by  Mr. 
Johansson,  a pupil  of  Professor  Nordenstrom’s, 
at  Pedroso  mine  in  Andalusia,  belonging  to 
the  Iberian  Iron  Ore  Company.  This  affords 
conclusive  evidence  that  the  modern  Swedish 
methods  can  be  successfully  applied  in  more 
southern  latitudes, 

AVith  the  modern  improved  instruments 
properly  used,  trustworthy  results  cannot  fail  to 
be  obtained.  With  the  old  dip  compass,  how- 
ever, they  are  possible  only  when  the  observer 
is  acquainted,  by  long  experience,  with  the 
peculiarities  of  his  instrument.  There  is  a 
strong  temptation  for  a skilful  operator  to 
keep  his  mode  of  procedure  secret.  Con- 
sequently the  uninitiated  are  apt  to  believe  that 
he  must  be  specially  gifted,  and  frequently  the 
supernatural  properties  ascribed  to  the  divining 
rod  are  transferred  to  the  compass.  The 
compass  is  unfortunately  well  adapted  for 
dishonest  purposes.  A case  is  recorded  in 
which  a compass  needle  in  the  vicinity  of  ore 
always  showed  a dip  of  90°  when  facing  west, 
and  the  true  dip  due  to  local  attraction  when 
facing  east.  The  former  position,  it  is  said, 
was  very  successfully  used  in  selling  iron  ore 
grounds  and  the  latter  in  buying  them. 
Similarly  a powerful  magnet  inserted  in  a 
walking  stick  has  been  employed  to  give  a 
large  dip  to  the  needle  when  it  was  thought 
d.esirable  to  mislead  the  purchaser. 

For  ascertaining  the  extent  of  mineral 
deposits,  since  1886  diamond  boring  machines 
worked  by  hand  have  been  largely  and  success- 
fully used.  All  this  work  has  been  carried  out 
by  the  Svenska  Diamantborrningsaktiebolag, 
the  extent  of  whose  operations  were  well 
shown  in  their  instructive  exhibit  in  the  Mining 
Section  at  Stockholm.  Since  1886  they  have 
bored  in  the  metal  mines  of  Sweden  and 
Norway  holes  with  an  aggregate  depth  of 
27,236  yards.  Usually  the  boring  machines 
are  worked  by  hand,  but  in  five  cases  they 
have  used  2 h.p.  oil-gas  motors,  and  in  four 
cases  4 h.p.  petroleum  motors.  An  electric 
motor  driven  by  a 4 h.p.  petroleum  engine  has 
also  been  used.  Last  year  the  holes  bored 
were  as  follows  : — ■ 


Diameter, 

Depth, 

inches. 

No. 

yards. 

c.^ 

00 

. 84 

3>389'8 

2-56 

II 

379‘i 

3-93 

3 

1327 

5*31 

2 

221-8 

100 

4T23'4 

The  cost  of 

diamond 

boring  varies  from 

los.  6d.  to  I2S. 

8d.  per  foot. 

In  most  cases  the  ore 

is  broken  down  by 

hand  labour. 

Owing  to 

the  hardness  of  the 

rocks  and  the  excellent  quality  of  the  drill -steel 
used,  the  Swedish  miners  have  acquired  great 
skill,  the  result  being  that  mechanical  drills 
came  into  use  later  than  elsewhere.  Several 
mines,  however,  now  use  them,  the  Schram 
drill  and  the  Rand  drill  being  the  types  pre- 
ferred. Recently  experiments  have  also  been 
made  with  the  Siemens  and  Halske  and  the 
Marvin  electric  drills.  Powder  is  no  longer 
used  as  an  explosive,  having  been  replaced  by 
high  explosives.  Extra  dynamite,  patent  dyna- 
mite, and  express  dynamite  are  the  names  of 
the  explosives  preferred.  They  consist  of  a 
mixture  of  nitroglycerine,  nitrated  cotton,  and 
ammonium  nitrate,  the  proportion  of  the  last 
named  constituent  varying  from  25  to  50  per 
cent.  Experience  has  shown  that  the  amount 
of  rock  broken  down  by  i lb.  of  these  explosives 
is  from  5 to  7 tons.  The  character  of  the 
explosives  was  well  shown  in  the  exhibit  of  the 
Nitroglycerine  Company,  a company  formed  in 
1864  by  Nobel  Brothers  to  work  the  inventions 
of  Alfred  Nobel,  for  the  manufacture  of  nitro- 
glycerine, and  for  its  employment  in  blasting 
operations.  Used  alone,  being  liquid,  it  was 
difficult  to  handle.  The  difficulties  were,  how- 
ever, obviated  by  Nobel’s  discovery,  patented 
on  September  19th,  1867,  of  absorbing  nitro- 
glycerine by  kieselguhr,  the  mixture  being 
called  dynamite.  The  next  advance  was 
also  due  to  Nobel,  who  obtained  blasting 
gelatine  by  combining  guncotton  and  nitro- 
glycerine. This  was  patented  by  him  on 
July  8th,  1876,  and  is  still  one  of  the  most 
powerful  explosives  known.  Extra  dynamite  is 
a modification  of  this. 

Originally  worked  as  open  cuts,  fire  being 
used  for  breaking  the  rocks,  most  of  the  mines 
are  now  worked  by  underhand  stopeing.  Of 
late  years,  however,  it  has  been  found  necessary 
to  fill  the  worked-out  excavations  with  rock, 
and  in  some  cases  to  work  by  overhand  stopes. 
The  main  shafts  dating  from  ancient  times  are 
always  large  and  circular,  but  those  sunk 
recently  have  a rectangular  section.  Artificial 
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ventilation  is  not  required,  the  natural  draught 
being  often  so  violent  in  winter  that  its  intensity 
has  to  be  diminished  in  order  to  obviate  the 
formation  of  ice.  P'or  lighting,  open  lamps 
or  candles  are  used.  At  Falun  torches  of  dry 
-wood  are  also  employed  for  lighting  large 
•excavations. 

Ore  Dressing. 

In  most  of  the  Swedish  iron  mines  the  sterile 
imaterial  is  separated  from  the  valuable  ore  by 
hand-picking.  Of  late  years  magnetic  con- 
-oentrators  have,  however,  been  used  w'ith 
advantage,  the  type  of  machine  preferred  being 
ithat  invented  by  Mr.  Jonas  Wenstrom.  This 
•consists  of  a drum  whose  sides  are  provided 
with  several  magnets.  The  drum  is  composed 
of  a number  of  isolated  iron  bars  arranged 
radially,  and  in  such  a way  that  there  is  always 
•one  pair  of  bars  rendered  magnetic  by  one  pole 
-of  the  magnet,  while  another  pair  is  magnetised 
by  the  other  pole.  Large  pieces  of  ore  come 
in  contact  with  two  bars,  and  are  consequently 
firmly  held,  and  the  drum  has  a slight  inclina- 
tion to  allow  the  non-magnetic  material  to  fall 
through  more  readily. 

The  exhibit  of  the  Hjuljern  Mining  Company 
in  the  province  of  Orebro,  illustrated  the  ar- 
rangements adopted  for  the  magnetic  separa- 
tion of  ore  at  their  mines,  where  the  Wenstrom 
machine  has  been  in  successful  use  since  1885, 
For  the  past  three  years  the  daily  output  of  the 
mine  has  been  screened,  and  all  the  material 
passing  through  an  half-inch  hole  subjected  to 
magnetic  concentration.  During  this  period, 
11,613  tons  have  been  screened,  yielding 
'6,077  tons  of  fine  ore,  which  gave,  in  the  mag- 
netic concentrator,  4,594  tons  of  ore,  and  1,483 
tons  of  waste,  or  respectively,  75-6  per  cent, 
^nd  24-4  per  cent,  of  the  material  treated,  the 
cost  being  8Jd.  per  ton  of  ore  separated. 

For  the  grade  of  Gellivare  ores,  very  rich  in 
phosphorus  {i.e.,  more  than  1-5  percent,  up  to 
j per  cent.),  and  proportionately  poor  in  iron, 
n.  dressing  plant  has  just  been  erected  on  the 
cliff  side  of  the  island  of  Svarto,  near  the  ship- 
ping pier  at  Lulea,  for  treating  100,000  tons  of 
ore  annually.  With  the  ground  available  the 
capacity  of  the  plant  may  be  tripled.  The  ore 
Is  taken  from  bins  at  the  foot  of  the  hill  by 
means  of  a lift  up  an  inclined  plane  nearly  to 
the  top,  where  the  lumps  are  broken  in  stone- 
breakers  ; the  material  thus  obtained,  mixed 
with  the  fine  ore,  is  dried  in  a rotating  cylinder 
32  feet  long,  4^  feet  in  diameter,  and  inclined 
at  an  angle  of  5°.  After  drying,  the  ore  is 
pulverised  and  subjected  to  magnetic  con- 


centration in  a Ball  and  Norton  Monarch 
machine.  Two  of  these,  placed  one  behind  the 
other,  yield  (i)  pure  magnetic  iron  ore,  with  a 
high  per-centage  of  iron,  and  a very  low  one  of 
phosphorus,  and  (ii)  a mixture  of  waste  rock 
and  apatite.  If  magnetite  were  the  only 
valuable  product,  the  low  esteem  in  which 
powdered  ore  is  held  would  render  the  whole 
process  purposeless  ; notwithstanding  that  the 
results  of  trials  made  at  Domnarfvet  with  as 
much  as  50  per  cent,  of  powdered  ore  in  the 
furnace  charge,  tend  to  show  that  less  obstacks 
will  be  met  with  in  the  future  in  the  way  of  its 
more  general  use.  Another  valuable  product 
is  the  apatite,  which  is  treated  by  converting 
the  mixture  into  a slime  by  addition  of  water, 
from  which  the  large  particles  are  separated 
for  further  classification  in  fine  grain  jigging 
machines.  The  fine  slimes  are  washed  after  a 
preliminary  sorting  on  revolving  buddies  and 
percussion  frames.  The  pure  apatite  obtained 
is  dried  in  a rotating  cylinder,  16^  feet  long 
and  3 feet  in  diameter,  and  then  reduced  to  an 
extremely  fine  state  of  division,  in  cement- 
grinding mills.  The  powder  is  then  intimately 
mixed  with  anhydrous  soda,  and  the  mixture 
heated  in  a double-hearth  reverberatory  fur- 
nace, and  then  again  finely  pulverised,  the 
final  product  being  a highly  valuable  fertiliser 
of  great  solubility,  containing  30  per  cent,  of 
phosphoric  anhydride,  and  having  the  same 
composition  as  basic  slag,  that  of  a tetra-basic 
phosphate,  in  which,  however,  one  molecule  cf 
the  base  is  formed  of  soda  instead  of  lime,  its 
formula  being  Cas  Nao  P>  O9.  This  process  is 
the  invention  of  Professor  Wiborgh,  the  eminent 

O 

successor  of  Richard  Akerman,  in  the  Chair  of 
Metallurgy  at  Stockholm.  The  extensive  in- 
stallation built  this  year  at  Lulea,  is  a conspicu- 
ous proof  of  the  energetic  manner  in  which 
Swedish  capitalists  are  ready  to  take  advantage 
of  an  important  invention  that  can  be  applied 
to  the  development  of  the  resources  of  the 
country. 

Mine  Surveying. 

The  methods  of  surveying  mines  in  Sweden 
present  many  points  of  interest,  and  were  well 
exemplified  not  only  by  Professor  Norden- 
strdm’s  admirable  collection  of  ancient  and 
modern  instruments  and  models,  but  also  by 
the  exhibits  of  the  leading  instrument  makers. 
Axel  Ljungstrom,  C.  E.  Rosen,  Casselli  and 
Granstrom.  The  Swedish  mines  are  surveyed 
almost  exclusively  by  a graphic  method  in 
which  a modification  of  the  plane  table  is  em- 
ployed. This  method  gives  satisfactory  resu’ts 
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provided  that  the  survey  is  not  of  great  extent. 
In  that  case  recourse  is  had  to  the  theodolite. 

Plans  of  metal  mines,  of  which  an  admirable 
collection  had  been  selected  for  exhibition, 
from  those  preserved  by  the  Royal  Board  of 
Trade,  have  now  to  be  drawn  on  a scale  of  i to 
800,  and  prepared  in  accordance  with  a normal 
plan  fixed  by  the  Government.  Contrary  to 
the  practice  in  this  country,  not  more  than  one 
plane  must  be  represented  on  one  sheet.  In 
order  to  give  a still  clearer  idea  of  the  mine, 
models  are  constructed.  The  workings  of  each 
horizontal  section  are  shown  in  oil-colours  on 
superimposed  sheets  of  glass,  or  owing  to  the 
difficulty  of  clearly  seeing  through  a large 
number  of  sheets  of  glass,  the  different 
sections  cut  out  of  white  cardboard  are 
coloured  and  fixed  on  a network  of  very  fine 
brass  wires  stretched  across  superimposed 
wooden  frames.  Colliery  plans  have  to  be 
drawn  on  a scale  of  i to  1,500.  Two  copies  of 
every  mine  plan  have  to  be  made  and  revised 
year  by  year,  one  being  kept  at  the  mine  and 
the  other  sent  to  the  Board  of  Trade  at 
Stockholm. 

II.— The  Metallurgical  Exhibits. 

As  would  naturally  be  expected  in  the  classic 
home  of  charcoal  pig  iron,  the  exhibits  relating 
to  iron  and  steel  were  of  special  interest,  owing 
to  the  extremely  high  quality  of  the  products, 
whether  pig  iron,  wrought  iron,  or  steel.  The 
iron  trade  was  conspicuously  well  represented, 
and  although  most  of  the  exhibits  were  placed 
in  the  Industrial  Hall,  the  largest  works, 
namely,  those  of  the  Stora  Kopparberg, 
Sandvik,  Bofors  and  Finspong  companies  had 
well  designed  pavilions  of  their  own. 

Slora  Kopparberg. 

The  exhibits  of  the  Stora  Kopparberg  Com- 
pany were  shown  in  a separate  pavilion  of 
elegant  design  in  a manner  fully  worthy 
of  the  most  ancient  joint  stock  company 
in  the  world.  There  is  still  in  existence 
in  the  State  archives  a deed  for  the  transfer 
of  shares  in  the  company  dated  1288, 
and  the  Royal  Charters,  which  refer  to  the 
company  as  being  then  very  ancient,  bear 
dates  from  1347  to  1432.  The  real  estate  of 
the  company  comprises  vast  forests,  copper 
and  iron  mines,  and  w'aterfalls  representing 
100,000  h.p.  Dating  from  its  oldest  charter, 
the  company  celebrated  on  the  24th  February 
last  its  550th  anniversary. 

Thanks  to  the  foresight  of  the  directors  of 
this  great  company,  it  was  possible  to  display 


a number  of  antiquities  and  relics  of  the  greatest 
value  and  interest.  Most  of  them  were  borrowed 
from  the  recently  - founded  museum  of  the 
company,  which  contains,  besides  a library  of 
4,500  volumes  and  some  20,000  old  account 
books,  collections  of  minerals,  of  models,  and  of 
coins.  The  mineral  collection,  of  which  Mr. 
Kjellberg’s  catalogue  covers  146  quarto  pages, 
comprises  some  10,000  specimens  of  minerals 
and  the  same  number  of  rocks.  The  models 
were  mostly  constructed  by  Christoffer  Polhem, 
the  remarkable  mechanical  genius  of  the  17th 
century,  who,  as  I pointed  out  in  a papei** 
read  in  this  room  a year  ago,  applied  in  1694 
the  method  of  hoisting  by  means  of  reciprocat- 
ing rods,  like  those  of  the  man-engine,  and 
made  numerous  other  important  mechanical 
inventions ; amongst  others,  the  Scandinavian 
padlock,  patented  in  the  United  States  in  1895. 
The  coins,  of  which  a catalogue  of  97  pages  has 
been  prepared  by  Mr.  Sahlin,  were  mostly  made 
in  the  company’s  works  for  the  Swedish  Govern- 
ment from  Falun  copper.  They  include  many 
specimens  of  the  characteristic  plate  coins,  a 
currency  possible  only  in  a country  in  which 
copper  was  abundant.  The  largest  of  these,  a. 
lodol.  plate,  dated  1644,  weighed  no  less  than 
43^  lbs.  Some  of  the  medals,  too,  are  of  great 
local  interest.  Medals,  dated  1735  and  1755, 
exhibit  the  methods  of  mining  in  vogue  at 
Falun  at  that  epoch.  Here,  too,  was  struck  in 
1747  a medal  to  commemorate  the  foundation 
of  the  Jernkontor,  the  Association  of  Swedish 
Ironmasters,  that  has  done  so  much  towards, 
maintaining  Swedish  metallurgy  in  that 
high  state  of  efficiency  which  has  so  long 
characterised  it. 

The  exhibits  showed  the  magnitude  of  the 
company’s  trade  in  timber,  iron  and  copper. 
From  its  celebrated  copper  mine  at  Falun,  to 
which  reference  has  already  been  made,  the 
company  derives  its  name  of  The  Great  Copper 
Mountain  (Stora  Kopparberg).  Its  first  iron- 
works, Svartnas,  were  built  in  1735,  and  some 
twenty  other  small  works  were  soon  added. 
jOw'ing  to  difficulties  in  manufacturing  econo- 
mically at  so  many  small  works,  it  was 
decided  m 1870  to  concentrate  the  manufacture 
at  Domnarfvet  by  one  of  the  big  waterfalls  of 
the  river  Dala.  These  new  ironworks  are  the 
largest  in  Scandinavia,  and  the  largest  iron- 
works using  charcoal  fuel  in  the  world.  They 
possess  a charcoal  burning  plant  with  eight 
large  kilns,  a blast-furnace  plant  with  four 
furnaces,  six  Westman  calcining  kilns,  and 
seven  Cowper  hot-blast  stoves,  five  Bessemer 
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converters  (two  of  6 tons  and  three  of  5 tons), 
four  open-hearth  furnaces  (each  15  tons),  a 
rolling  mill  plant,  forge,  plate-pressing  works, 
and  a horseshoe  nail  factory.  Every  variety  of 
pure  iron  and  of  the  highest  grade  of  steel  is 
made,  the  annual  production  being  55,000  tons 
of  pig  iron,  35,000  tons  of  Bessemer  ingots, 
26,000  tons  of  open-hearth  ingots,  7,000  tons 
of  charcoal  from  blooms,  47,000  tons  of 
rolled  and  hammered  iron  and  steel  of  all 
kinds,  and  600  tons  of  horseshoe  nails.  The 
Thomas  and  Gilchrist  basic  process  was 


company  being  large  owners  of  the  phosphoric 
ores  of  Grangesberg,  as  well  as  of  the 
remarkably  pure  ores  of  Norberg,  Bispberg, 
and  Stripa. 

The  excellent  quality  of  the  metal  was 
clearly  shown  by  a drinking  horn  51  inches 
long,  made  from  a single  plate  of  Domnarfvet 
iron  (Fig.  2).  The  original  plate  had  a 
diameter  of  31  in.  and  a thickness  of  0’04  in. 
Besides  this,  there  were  four  goblets  and  a 
cylinder  21  in.  high  and  6|  in.  in  diameter, 
each  pressed  out  of  a single  plate. 


Fig.  2. 


Drinking  Horn,  51  inches  long,  made  from  a Domnarfvet  iron  plate,  31  inches  in  diameter  and  o'04  inch  thick. 


adopted  in  1891  for  a portion  of  the  outturn, 
the  three  5*toii  Bessemer  converters  and  two 
15-ton  open-hearth  furnaces  being  used  for 
basic  work.  The  iron  produced  being  made, 
with  charcoal,  from  ores  free  from  phosphorus 
and  sulphur,  is  of  remarkable  purity.  Indeed, 
the  average  per-centage  of  phosphorus  in  the 
Bessemer  and  open-hearth  pig-iron,  made 
during  the  last  three  years  was  only  o'oip  per 
cent.  The  reason  why  so  many  different 
methods  of  m.anufacture  are  in  use  is  that 
there  is  a great  diversity  of  ores  available,  the 


I The  varied  products  of  the  works  were  skil- 
fully used  for  decorative  trophies  of  conspicuous 
artistic  merit,  whilst  the  heavier  objects  dis- 
played comprised  huge  chiselled  castings,  and 
no  less  than  1,460  sections  of  rolled  iron  of 
every  description.  As  an  object-lesson  illus- 
trative of  the  high  quality  of  Domnarfvet  tool 
steel,  turning,  planing,  and  boring  tools  were 
shown,  together  with  boxes  containing  the 
total  quantity  of  shavings  and  turnings  ob- 
tained since  the  last  sharpening  of  the  tool. 
Thus,  a turning  tool  gave  2,336  lbs.  of  open- 
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hearth  steel  shavings,  566  lbs.  of  cast  iron 
turnings,  and  50  lbs.  of  shavings  from  a chilled 
cast  iron  roll. 

In  connection  with  the  Domnarfvet  exhibit, 
reference  must  be  made  to  a very  important 
invention  made  by  Mr.  E.  J.  Ljungberg,  the 
general  manager  of  the  company.  This  is  a 
continuous  charcoal  kiln,  in  which  the  cost 
of  working  is  only  one-third  of  that  of  charcoal- 
burning in  heaps.  It  consists  of  four  or  eight 
chambers.  In  the  first  division  the  wood  is 
decomposed,  in  the  second  it  is  dried,  in  the 
third  it  is  preheated,  and  in  the  fourth  the 
charcoal  is  quenched  and  drawn  out  and  new 
wood  charged  in.  The  combustible  gases 
formed  from  the  decomposition  of  the  wood 
are  burnt  in  the  second  section,  whilst  in  the 
third  not  less  than  30  per  cent,  of  the  water 
in  the  wood  is  driven  olf.  For  preheating  the 
wood  six  days  are  required,  for  drying  and 
carbonising  five  days,  for  the  complete  car- 
bonisation five  days  more,  and  for  quenching, 
drawing  and  charging  four  days,  making 
twenty  days  in  all. 

A kiln  with  eight  divisions  is  able  to  car- 
bonise in  the  year  6,i09*8  cub.  ft.  of  wood  in 
146  divisions,  or  892,112-5  cub.  ft.,  whereby 
647,309-6  cub.  ft.  of  charcoal  are  obtained. 
Up  to  the  present  time  not  less  than  ten  of 
these  kilns  are  in  use,  of  which  eight  are  at 
Domnarfvet,  and  two  at  the  Skutskar  Saw 
Mills  belonging  to  the  company.  Fig.  3 
shows  one  of  the  kilns  with  eight  divisions. 

The  divisions  are  numbered  i to  8.  Wood 
is  charged  m of  the  same  length  as  the  breadth 
a h oi  the  shaft.  Under  the  floor  of  each 
division  are  two  grates,  c and  d,  one  each  side 
of  the  kiln,  with  two  gas-escapes,  e and  f,  on 
side  opposite  the  grate.  On  each  side  of  the 
kiln  are  discharging  holes,  in  and  n.  From 
the  fire-grate  the  products  of  combustion  pass 
through  a number  of  smaller  holes,  ^and  h, 
over  the  mass  of  wood  and  out  at  i andy. 

Careful  calculations  made  by  Mr.  Ljungberg 
gave  the  following  results  : — 

i 

One  ciLhic  metre  of  wood  charged  into  the  kiln 
contained — 


Kilograms. 

— 

Carbon 

kilograms. 

Hydrogen 

kilograms. 

267*54 

Cellulose  

138*05 

1 7*39 

186*49 

Moisture  .... 

— 

20*72 

1*67 

Ash  

Difference 

— 

1*48 

45570 

Total .... 

138*05 

39*59 

And  yielded : — 


Kilograms. 

1 

Carbon 

kilograms. 

Hydrogen 

kilograms. 

1 1 1 *00 

Charcoal  

91*30 

4*60 

3*40 

Tar  

2*76 

0*37 

6*74 

Acetic  acid  . . 

j 2*69 

0*45 

00 

LO 

Methyl  alcohol 

1 0*96 

0*32 

1,695*93 

Volatile  gases 

1 40*34 

— 

304*69 

Water  

33*85 

— 

Total 

j 

138*05 

1 

39-59 

Wood  of  the  same  character  when  carbonised 
in  heaps,  gave  a yield,  in  volume,  of  59*22  per 
cent.  ; a cubic  metre  contained  138*05  kilo- 
grams of  charcoal,  and  yielded  : — • 

Carbon 

kilograms. 

Anhydrous  charcoal  (90*61  kg.)  . . /4'53 


Loss  of  charcoal  63*52 

Total 138*05 


A yield  of  72*56  per  cent,  by  volume  in  the 
kilns,  and  of  59*22  per  cent.,  in  heaps,  repre- 
sents an  increased  yield  in  favour  of  the  former 
of  22*53  cent.  In  addition  to  the  higher 
yield  there  is  the  further  advantage  of  saving 
the  by-products. 

It  is  difficult  to  exaggerate  the  importance 
of  an  invention  of  this  kind  for  the  forestry  and 
iron  trade  of  Sweden.  An  increased  yield  of 
charcoal  of  22  per  cent,  for  the  whole  of  the 
country  represents  a considerable  national 
saving.  This  is,  however,  not  all,  for,  with 
increased  experience,  there  is  no  doubt  that 
the  yield  will  be  much  greater.  There  is  also 
the  value  of  the  by-products  to  be  taken  into 
consideration. 

Sandvik. 

The  pavilion  of  the  Sandvik  ironworks  was 
of  striking  design,  having  a facade  forming  a 
model  of  a 15-ton  steam-hammer.  Within 
was  a representative  collection  of  the  various 
products  for  which  these  works  are  justly 
celebrated.  The  works  were  founded  in  1862 
by  Mr.  G.  F.  Goransson  after  he  had  overcome 
the  initial  difficulties  encountered  by  Sir  Henry 
Bessemer  in  his  early  experiments.  Besides 
tool  steel,  sledges  and  hammers,  of  which 
very  fine  examples  were  exhibited,  railway 
tires  were  the  chief  objects  manufactured 
in  the  early  years  of  the  works’  existence. 
Among  the  objects  exhibited  was  a railway 
waggon  axle  which  had  served  for  21  years 
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and  run  458,861  miles.  In  1880  a rolling  mill 
was  erected  for  the  manufacture  of  strips  for 
lap-welded  tubes,  and  as  a proof  of  the  skill 
attained  in  this  work,  there  was  exhibited  a 
strip  21  inches  wide  of  No.  6 gauge.  This 
difficult  size  was  rolled  with  perfectly  true 
square  edges.  Since  1878  the  works  have 
made  large  quantities  of  wire  rods,  and  at  the 
present  time  Sandvik  produces  more  fiat  wire 
for  umbrella  ribs  than  any  other  works  in 
Europe.  In  1884  a cold  rolling  mill  was  started 
for  rolled  bands,  and  as  a sample  of  the  work 
done  the  walls  and  ceiling  of  the  pavilion  were 
decorated  with  a single  band  2,354  feet  long,  8 
inches  wide,  and  of  No.  26  gauge,  weighing 
1,146  lbs.  As  a contrast  there  was  also 
exhibited  a light  band  weighing  only  43  lbs., 
although  it  was  4,317  feet  long.  It  was 
2f  inches  wide,  and  of  No.  49  gauge  (about 
thousandth  part  of  an  inch  thick).  There  was 
also  shown  the  largest  band-saw  in  the  world, 
220  feet  long,  12  inches  wide,  of  No.  14  gauge, 
weighing  677  lbs.  In  1893  a large  rolling  mill 
shop  was  erected  for  the  hot-rolling  of  bands, 
and  here  was  made  the  large  hot-rolled  band 
exhibited,  the  heaviest  and  longest  ever  rolled 
of  this  width  and  gauge.  It  was  298  feet  long, 

8 inches  wide,  of  No.  8 gauge,  and  weighed 
1,241  lbs.  It  was  rolled  in  one  heat  from  a 
bloom  4|  inches  thick  and  ii  feet  long.  The 
company  having  for  many  years  made  large 
quantities  of  solid  blooms  for  bicycle  tubes,  in 
1890  started  the  manufacture  of  hollow  blooms, 
and  erected  large  mills  to  cope  with  the 
growing  demands  of  the  bicycle  trade.  The 
works  now  possess  3 blast-furnaces,  Bessemer 
works,  13  steam-hammers,  10  rolling  mills, 
wire  drawing  mill,  and  cold  rolling  mill,  28 
boilers,  35  steam-engines  of  an  aggregate 
horse-power  of  4,100,  and  7 turbines  of  700 
horse-power.  Open-hearth  works  are  in  course 
of  erection.  The  out-turn  of  the  works  is 

20,000  tons  of  finished  steel  annually;  1,800 
men  are  employed,  and  25,000  tons  of  charcoal 
are  annually  consumed  in  the  blast-furnaces,  p 

Bofors. 

The  large  exhibit  of  the  Bofors-Gullspang 
Company  was  housed  in  a separate  pavilion 
representing  a modern  armour-clad  turret  with 
long  cannon  projecting  from  it,  and  an  original 
and  striking  trophy  of  objects  made  by  the 
company.  This  included  models  of  a ram  for 
the  Swedish  armour-clad  Thule,  made  at  Bofors 
in  1893,  and  weighing  9*2  tons  ; of  an  axle  for  the 
Russian  Emperor’s  yacht  Standard,  made  in 
1894,  and  weighing  9 tons;  and  of  two  lo-in. 


cannons,  made  for  the  Swedish  armour-cladl 
Thor,  with  a total  length  of  35  ft.,  and  a weight 
of  29  tons,  together  with  propellers  and  anchors  ol 
Bofors  open-hearth  steel.  The  works  are  among 
the  oldest  in  Sweden  and  date  back  250  years.. 
The  company  was  formed  in  1873.  In  1895  tht| 
late  Alfred  Nobel  added  the  Bjorneborg  works,  1 
purchasedby  him  in  1894.  Within  the  pavilion, 
was  a well-arranged  collection  of  war  material, 
made  of  Swedish  steel,  including  a 5-in.  quick- ' 
firing  gun  for  the  Swedish  navy,  weighing  2-8,' 
tons  ; a 3-in.  mountain  gun,  weighing  230  lbs. 
a 2-in.  quick-firing  gun,  weighing  260 lbs;  a 
6-in.  trial  gun,  weighing  4^23  tons,  with  a gur< 
carriage  of  ingenious  design,  patented  by  Mr. 
Silversparre,  the  chief  engineer  of  the  Bofors* 
Cannon  Factory.  Besides  these,  there  was  a 
large  collection  of  cast-steel  objects,  parti- 
cularly field  gun-tubes,  cast  to  pattern,  which 
are  intended  to  be  finished  in  the  annealed 
state,  and  a large  cog-ring  with  double  helical 
cogs,  over  ii  ft.  in  diameter  and  weighing 
5 tons,  a propeller,  weighing  6 tons,  and  somt^ 
heavy  anchors,  and  a nickel-steel  armour  plate 
10  inches  thick.  The  yearly  production  of  th( 
works  comprises  6,000  tons  of  pig-iron,  io,oo(< 
tons  of  wrought-iron,  15,000  tons  of  acid  open 
hearth  steel  and  iron  castings,  10,000  tons  0 
steel  and  iron  bars,  and  1,200  tons  of  manu 
factored  iron. 

Finspong.  5 

The  Finspong  Company  also  had  a pavilioi 
of  their  own  in  the  form  of  a pair  of  huge  pro  t 
jectiles,  surrounded  by  grass-grown  mounds: 
In  this  were  tastefully  grouped  a fine  series  o^ 
cannon,  armour-piercing  projectiles,  armouj 
plates,  specimens  of  pig  iron,  castings,  open.- 
hearth  steel  ingots,  rolled  iron,  steel  plates,  orer 
and  limestone.  The  most  noticeable  exhibit  wa  | 
a 5-in.  quick-firing  cannon  weighing  67  tonsj 
The  annual  production  of  the  works  consists 

6.000  tons  of  open-hearth  steel  ingots,  60  j 
tons  of  open-hearth  steel  castings,  600  tons  cj 
wrought-iron  blooms,  1,200  tons  of  nails,  30! 
tons  of  rail  spikes,  30  tons  of  horseshoes,  an  | 

1.000  tons  of  sheet-iron.  | 

Iren  and  Steel  in  the  Industrial  Hall..  ; 

The  exhibits  of  Fagersta,  Soderfors,  anj 
Hofors  were  grouped  in  the  great  Industrie 
Hall,  and  formed  a most  instructive  an  ■ 
attractive  series. 

The  exhibit  of  the  products  of  the  Fagerst  1 
works  was  specially  noteworthy.  A beautift 
display  of  saw  blades  proved  that  Fagersta’ 
world-wide  reputation  for  such  objects  is  well 
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eserved.  Rolled  and  hammered  steel  was 
Iso  shown,  as  well  as  rifle  tubes,  the  manu- 
icture  of  which,  though  of  recent  date,  has 
ssumed  large  proportions.  Tubing  and  pipes, 
teel  wire  rope,  spiral  springs,  were  well  repre- 
ented.  Most  instructive  was  the  collection  of 
pen-hearth  chrome  steel  formed  by  the 
eneral  manager,  Mr.  I.  A.  Brinell,  whose 
^searches  in  1885  on  the  changes  in  the 
ixture  of  steel  on  heating  and  cooling  made 
n epoch  in  the  metallurgy  of  iron,  and  formed 
le  starting  point  of  the  long  series  of  valuable 
^searches  with  which  the  names  of  Osmond, 
loberts-Austen,  Howe,  Sauveur,  Stead,  Had- 
eld,  and  Arnold  are  identified.  These 
pecimens  of  ingots  and  forged  products  were 
roken  so  as  to  display  the  fine  fracture  of  the 
letal,  and  were  accompanied  by  skilfully 
lanned  diagrams  illustrating  the  change  in 
■acture  of  different  steels  treated  in  different 
/ays.  Of  equal  interest  were  the  graphic 
tatistical  diagrams  showing  the  growth  of  the 
ompany,  the  outturn  of  wrought-iron  and 
teel  having  increased  from  850  tons  in  1850  to 
4.500  tons  in  i8g6. 

The  Soderfors  works  showed  a very  com- 
lete  exhibit  of  open-hearth  steel,  arranged 
1 a masterly  manner  by  Mr.  Tom  Bergendal, 
hose  long  experience  as  representative  of  the 
ernkontor  at  the  Chicago  World’s  Fair  no 
oubt  proved  valuable  to  him  in  his  task.  This 
xhibit  was  specially  remarkable  for  the  difficult 
inds  of  articles  shown,  including  two  2h- 
3n  anchors  for  the  armour-clads  T/ior  and 
Vjord.  Besides  these,  there  were  shown 
ome  fine  blocks  of  pure  Dannemora  and 
figelsbro  ores  with  analyses  showing  their 
emarkable  freedom  from  phosphorus,  a com- 
lete  collection  of  pig  iron  brands,  of  wrought 
•on,  and  of  manufactured  steel  objects  such 
s anvils,  vices,  mining  tools,  wheels,  axles,  and 
prings.  The  educational  value  of  the  exhibit 
•as  enhanced  by  the  numerous  explanatory 
ibels  giving  full  results  of  the  analyses  and 
hysical  tests  of  the  objects  shown. 

The  Hofors  works  had  an  exhibit  of  similar 
haracter,  except  that  there  was  a good 
isplay  of  basic  open-hearth  steel,  including 
pecimens  of  cold  drawn  open-hearth  basic 
teel  containing  0*80,  0-90  and  i per  cent,  of 
arbon.  An  instructive  object  lesson  was 
fforded  by  a series  of  9 test  fractures  of  this 
letal  containing  proportions  of  carbon,  in- 
reasing  from  0*20  to  i per  cent. 

The  Avesta  works  had  a striking  exhibit  of 
Diler-plate,  and  of  other  grades  of  heavy  and 
un  plates  of  remarkable  ductility  and  soft- 


ness. The  works  produce  annually  20,000  tons 
of  steel  ingots,  of  which  1,500  tons  are  rolled 
into  plates.  Another  admirable  exhibit  was 
that  of  the  well-known  Uddeholm  works, 
founded  in  1746. 

Time  will  not  permit  me  to  describe  the 
hundred  other  ironworks  represented,  nor  the* 
finished  products,  such  as  the  celebrated 
cutlery  of  Kskilstuna,  the  Sheffield  of  Sweden, 
the  beautiful  enamelled  iron  ware  of  Kockum, 
and  the  bicycles,  small  arms,  and  artistic 
castings  of  Husqvarna. 

Many  of  the  mining  and  metallurgical 
exhibits  were  contributed  by  persons  or  firms 
who,  with  no  possibility  of  deriving  any  pe- 
cuniary gain  from  the  Exhibition,  incurred 
expense  from  a patriotic  desire  to  add  to  the 
value  of  the  National  Exhibition. 

And  this  sketch  of  the  more  important 
mineral  and  metallurgical  exhibits  will,  it  is 
hoped,  show  that  in  educational  value,  in 
completeness  and  in  originality,  they  were 
fully  worthy  of  the  classic  home  of  scientific 
metallurgy,  the  land  of  Bergman,  of  Scheele, 
and  of  Berzelius. 

Iron  Trade  Statistics. 

In  order  to  complete  the  statistical  details 
contained  in  this  paper,  an  extract  from  the 
official  returns  of  the  Swedish  production  of 
iron  and  steel  last  year  is  appended. 

There  were  124  works  at  which  an  aggregate 
of  140  blast-furnaces  were  in  operation,  and 
the  production  of  pig  iron  comprised  : — 


Tons. 

Forge  pig  iron 246,022 

Bessemerand  open-hearth 

pig 225,103 

Spiegeleisen 738 

Foundry  pig 15,284 

Direct  castings 7-271 


Total 494,418 


The  blast-furnaces  produced  on  an  average 
3,532  tons  per  furnace  during  the  year.  The 
time  of  production  for  each  furnace  was  271 
days,  and  the  mean  daily  outturn  per  furnace 
was  3*03  tons.  Charcoal  is  practically  the  only 
fuel  used  in  the  Swedish  blast-furnaces,  for  it  is 
only  in  very  rare  cases,  as  in  the  manufacture 
of  spiegeleisen,  that  a little  English  coke  is 
used. 

There  were  137  wrought  iron  and  steel  works 
with  353  finery  hearths,  4 puddling  furnaces. 
29  Bessemer  converters,  41  open-hearth  fur- 
naces, and  4 crucible  steel  furnaces.  The 
production  comprised  : — 
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Tons. 

Wrought  iron 188,396 

Bessemer  ingots. 114,120 

Open-hearth  ingots 142,301 

Crucible  steel  ingots  ....  604 


Since  1870  the  world’s  production  of  pig  iron 
has  increased  from  12,000,000  to  30,000,000 
tons,  but  during  that  time,  whilst  the  United 
States,  Germany,  Russia  and  Austria-Hungary 
have  gained  ground,  Sweden,  like  Great 
Britain,  France  and  Belgium,  has  lost  ground. 
The  total  production  of  pig  iron  from  1870 
to  1896  inclusive  was  as  follows  : — 


Country. 

Millions  of 
Tons. 

Per  cent. 

Great  Britain 

198-3 

37*0 

United  States 

134-0 

25-0 

Germany  and  Luxemburg  . . . 

91-8 

17-2 

France 

45-3 

8-5 

Austria-Hungaiy  

i8-5 

3*5 

Belgium 

18-2 

3*4 

Russia 

cp 

3*3 

Sweden 

ii-o 

2-1 

Total 

534*9 

1 100-0 

The  production  of  each  country  at  the 
beginning  and  end  of  the  period  under  con- 
sideration was  as  follows  : — 


Country. 

1870. 

Millions  of 
Tons. 

1896. 

Millions  of 
Tons. 

Great  Britain 

6-0 

8-6 

United  States 

1*7 

8-6 

Germany  and  Luxemburg  . . . 

1*4 

6-4 

France 

1-2 

2-3 

Russia 

: 0-4 

1*5 

Austria-Hungary 

0-3 

i-o 

Belgium 

0-6 

0-9 

Sweden 

0-3 

0*5^ 

Total 

ii-,9 

29-8 

The  pig  iron  production  in  Great  Britain  and 
in  the  United  States  last  year  was  practically 
the  same,  the  official  figures  being  8,659,681 
tons  for  the  former  and  8,623,127  tons  for  the 
latter. 

The  share  taken  by  each  country  was  as 
follows : — ■ 


Countr}'. 

1870. 
Per  cent. 

1896. 

Percent. 

Great  Britain  

50*5 

29-0. 

United  States  

14*3 

29-0- 

Germany  and  Luxemburg  . . 

II-8 

2I-S 

France  

lO-I 

7*7 

Russia  

3*3 

5*0 

Austria-Hungary 

2*5 

3*2 

Belgium  

5*0 

3*0 

Sweden 

2*5 

1-6 

Total 

100-0 

lOO-O 

The  paper  was  illustrated  by  a number  of  lantern 
slides  of  the  Exhibition  and  of  the  principal  mine^ 
and  works. 


DISCUSSION. 

Mr.  J.  E.  Stead  said  those  present  who  were  unable 
to  go  to  Sweden  and  see  the  beautiful  exhibits  there, 
had  enjoyed  the  next  best  thing  in  listening  to  the 
very  excellent  description  which  had  been  given  tc 
them  and  seeing  the  photographs  which  illustratec 
the  paper.  The  four  or  five  miles  of  ore  deposits  at 
Gellivare  were  very  agreeable  to  hear  of,  and  all  the 
more  so  if  a voyage  were  made  from  there  to  th( 
Norwegian  coast,  as  it  would  give  Middlesborough  th( 
chance  of  living  a few  years  longer,  but  he  shouk 
much  like  to  know  what  proportion  of  these  ore: 
was  suitable  for  making  Bessemer  iron.  Also,  if  th< 
directors  of  the  Gellivare  Company  had  any  idea  0 
making  the  fine  ore,  after  grinding  it  up  anc 
separating  the  phosphorus,  into  briquettes.  I 
so,  it  would  be  important  to  know  Avhether  th(i 
phosphorus  was  sufficiently  separated  from  the  fin' 
granular  material  to  render  it  suitable  for  makin; 
Bessemer  iron.  Some  25  years  ago  he  had  som- 
experience  in  working  an  identical  material  direct! 
in  a blast  furnace,  the  ore  being  first  crushed  into 
fine  powder,  but  the  result  was  disastrous.  Th' 
trial  was  made  unfortunately  by  putting  in  abou 
20  per  cent,  of  this  fine  material  into  the  funiacc, 
together  with  other  richer  ores  of  a lumpier  charactei 
and  the  result  was  that  the  ore  got  down  to  th 
bottom,  and  the  whole  mass  closed  up  solidly,  an^ 
it  took  about  a week  before  they  could  get  any  iror 
out  of  the  furnace,  or  get  the  blast  through  it.  I 
was  not  sufficiently  encouraging  therefore  to  con 
tinue  the  experiment  in  any  other  proportions,  thougli 
the  wonderful  account  of  the  Edison  works  i 
America  would  lead  to  the  belief  that  the  material 
could  be  easily  made  into  briquettes,  and  supplied  i 
that  form  to  Middlesborough.  Another  interestin 
point  was  the  use  of  the  dipping-needle  to  dn 
cover  magnetic  ore.  He  had  also  done  tU 
sufficiently  to  be  able  to  verify  what  had  bee 
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stated,  as  he  found  that  in  Norway  it  was  a very 
valuable  instrument.  The  ores  were  polar,  so  that 
if  you  presented  one  part  to  a compass  needle, 
it  would  attract  the  north  pole,  but  on  turning 
it  round  it  would  repel  it.  This  property,  when  the 
ore  was  in  seams,  enabled  one  to  discover  the  thickness 
of  the  seam.  In  this  way,  in  the  neighbourhood  of 
Niiverhaugen,  directly  opposite  Gellivare,  the  deposits 
- were  tracked  many  miles  by  the  dipping-needle  alone, 
and  the  approximate  thickness  of  the  seam  estimated 
with  a fair  degree  of  accuracy.  On  one  side,  facing 
j in  a southerly  direction,  it  attracted  the  north  pole, 
il  and  on  the  other  side  it  attracted  the  south  pole, 
fjand  exactly  midway,  the  needle  w'as  parallel.  The 
4I  information  given  as  to  the  utilisation  of  the  refuse 
after  the  ore  was  separated,  was  quite  new  to 
i|  him,  and  was  very  interesting.  As  he  under- 
; stood,  by  calcining  the  fine  apatite  with  sulphate 
I of  soda,  it  formed  a tetra-pliosphate.  This  was 
t very  important,  as  it  would  stimulate  the  work- 
ing of  the  more  phosphoretic  ores.  It  was  also 
i interesting  to  hear  how  largely  water-power  was  used 
in  Sweden.  At  a little  mine  in  the  neighbourhood  of 
i|  Naverhaugen  the  whole  of  the  machinery  was  worked 
V by  water-power,  and  in  connection  with  that  he  might 
!;  mention  a curious  incident  showing  the  honesty  of  the 
I,  Norwegian  peasant  farmer.  When  the  water  was 
(I  about  to  be  taken  for  the  purpose  of  the  works,  his 
t permission  was  asked,  which  he  readily  gave ; but 
t there  was  a law  that  when  water-power  was  taken  in 
) that  way,  a certain  sum  had  to  be  paid  to  the  owner 
1 of  the  land  and  a certain  amount  to  the  State.  At 
I the  end  of  the  year,  therefore,  the  peasant  was  asked 
I to  come  and  receive  his  money,  but  he  had  said  he 
I did  not  want  any  money  as  he  had  given  permission 
j for  it  to  be  used.  When  told  he  had  to  be  paid  for  it, 
(I  he  thought  he  Avould  like  to  see  what  was  done  with 
it,  and  Avas  therefore  shown  over  the  works,  and  when 
.1  he  found  it  went  back  into  the  stream  after  turning 
( the  machinery,  he  protested  that  they  did  not  take  the 
il  water  at  all,  and  he  ought  not  to  be  paid  for  it.  He 
I only  consented  to  receive  the  money  on  being 
I informed  that  the  proprietor  would  be  liable  to 
1 imprisonment  if  it  were  not  paid. 

! Mr.  H.  Bauerman  said  he  could  really  add  nothing 
I to  this  very  interesting  paper,  though  he  had  the 

I opportunity  of  seeing  the  Exhibition  on  his  return 
from  Finland,  and  could  confirm  in  every  way  what 
had  been  said  as  to  the  high  character  of  the  display. 
There  was  not  a single  thing  shown  wEich  was  not 
well  worth  inspection,  and  there  was  nothing  of  the 
advertising  element  to  be  seen.  This  was  the  first 
opportunity  he  had  had  of  seeing  what  was  being  done 
in  Sweden  in  connection  wdth  the  newer  developments 
of  the  iron  trade.  The  manufacture  of  iron  there 
dated  a very  long  Avay  back,  and  without  giving 
up  the  methods  by  which  their  high  reputation 
was  attained,  they  had  shown  a remarkable 
talent  in  adapting  themselves  to  the  new  order  of 
things,  taking  up  new  methods,  and  attaining  a very 


high  degree  of  excellence  therein.  There  was  a great 
development  of  the  works  at  Domnarfvet,  probably  the 
largest  charcoal  ironworks  in  the  world,  certainly  the 
largest  driven  by  water-power,  and  the  plant  was  of  a 
very  fine  character.  So  again  was  the  Finspong 
works,  Avhich  was  the  famous  ordnance  factorv-  of 
Sweden,  and  for  nearly  300  years  had  almost  a 
monopoly  of  a certain  variety  of  cast-iron  ordnance. 
That  had  now  gone  out,  but  Finspong  had  not 
abandoned  it,  for  it  was  still  made  for  certain  pur- 
poses, hard  rolls,  and  so  on.  In  addition  to  that  il 
had  gone  in  for  a remarkable  development  of  everv- 
thing  connected  with  steel  ordnance  and  armour 
plates,  and  it  Avas  very  remarkable  to  see  the  Avay  the- 
old  works  brought  themselves  up  to  modern  require- 
ments. The  Iron  and  Steel  Institute  Avould  meet  in 
Sweden  next  year,  and  he  Avas  sure  the  member^- 
Avould  be  glad  to  find  in  this  paj)cr  a foretaste  of  Avhat 
they  Avould  see  there. 

Mr.  H.  G.  Turner  said  he  had  no  doubt  the 
members  of  the  Iron  and  Steel  Institute  AA-ho  Avere 
about  to  visit  SAveden  Avould  profit  greatly  by  Avhat 
had  been  brought  forAvard  in  this  excellent  paj.er. 

Mr.  F.  W.  Harkord  said  he  Avas  not  able  to  go  to 
Stockholm  this  year,  and  congratulated  himself  on 
having  done  the  next  best  thing  by  being  present 
to-night.  WTiat  Mr.  Stead  had  said  about  apatite 
was  very  important,  quite  apart  from  the  supply  of 
iron  ores,  there  being  a constant  demand  for  phos- 
phates. 

Mr.  D.  A.  Louis  said  he  had  the  privilege  last  year 
of  visiting  one  of  the  most  magnificent  displays  con- 
nected Avith  the  iron  manufacture  he  had  ever  seen, 
the  Exhibition  at  Buda  Pest  ; but  from  Avhat  Mr. 
Brough  had  said,  the  Exhibition  at  Stockholm  must 
have  far  exceeded  it  in  variety  and  importance.  He 
Avas  not  sure  that  he  had  heard  all  that  Avas  said 
about  apatite,  but  attempts  had  been  made  oAer  ami 
over  again  to  convert  apatite  into  soluble  phosphate 
for  agricultural  purposes,  grinding  it  and  mixing  it 
Avith  soluble  sulphates,  and  making  it  look  very  much 
like  superphos]diate,  and  sometimes  adding  a little  of 
some  other  material,  but  he  believed  it  had  never 
proved  very  successful  Avhen  applied  to  the  soil.  The 
polarity  of  iron-ore  deposits  Avas  shown  very  strongly 
in  Russia,  and  also  in  Norway.  He  had  been  much 
struck  by  the  account  of  the  charcoal  kiln,  A\hich 
Avas  a great  improvement  on  anything  Avhich  hail 
been  seen  before. 

Mr.  A.  Barcl.w  asked  Avhat  elevation  the  proposed 
raihvay  Avould  have  to  reach  in  going  from  Gellivare 
to  the  Norwegian  coast. 

The  Chairman,  in  moving  a vote  of  thanks  to 
Mr.  Brough,  said  there  Avas  one  oint  Avhich  he 
should  like  to  call  attention  to.  Mr.  Brough  had 
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told  them  the  relative  per-centages  of  pig-iron  produced 
hy  different  countries,  and  pointed  out  that  Sweden 
liad  fallen  from  2|  to  i’6  per  cent,  of  the  total ; but 
dt  must  not  be  forgotten  that  there  was  an  increase  in 
the  quantity  produced.  It  was  because  the  total 
production  of  the  world  had  increased,  not  because 
the  actual  production  in  Sweden  had  diminished,  that 
the  decrease  in  the  per-centage  had  taken  place.  And 
it  certainly  was  remarkable  that,  in  spite  of  the  very 
much  cheaper  processes  now  carried  on  in  other 
countries,  the  demand  for  Swedish  iron  not  only  had 
not  decreased,  but  had  increased.  For  crucible  steel, 
•and  for  certain  other  purposes  they  still  had  to  rely 
*-on  Swedish  iron ; and  he  feared  that  would  continue 
•until  some  chemist  could  show  them  how  to  produce 
ra  mineral  fuel  as  free  from  deleterious  constituents, 
‘especially  sulphur,  as  charcoal.  So  long  as  there  was 
isulphur  in  coke,  and  none,  or  only  a trace,  in  charcoal^ 
Swedish  iron  would  remain  pre-eminent  for  those' 
purposes  in  which  extremely  excellent  quality  was 
required.  He  was  almost  afraid  when  Mr.  Brough 
ispoke  of  the  coinage  of  copper  that  he  was  going  to 
.advocate  tri-metallism,  and  was  glad  to  find  that  the 
volume  of  those  coins  was  so  enormous  that  they 
were  not  likely  to  be  introduced  into  circulation. 
He  had  no  doubt  that  the  visit  of  the  Iron  and  Steel 
Institute  to  Sweden  would  be  most  interesting,  and 
his  only  fear  was  that  after  such  a glowing  description 
-of  the  beautiful  scenery  of  Stockholm  and  the  neigh- 
bourhood, so  many  visitors  might  be  attracted  as 
would  interfere  with  the  business  portion  of  the 
meeting. 

The  vote  of  thanks  having  been  passed  unanimously, 

Mr.  Brough,  in  reply,  said  he  had  been  obliged  to 
^curtail  the  paper  somewhat  in  reading,  and  some  of 
the  questions  which  had  been  put  would  be 
found  to  be  already  answered  in  it.  With  regard  to 
the  extent  of  the  Gellivare  deposits,  it  had  been 
•calculated  by  the  Swedish  geologists  that  the  hori- 
;zontal  area  of  the  deposit  containing  61  per  cent, 
of  ore,  was  about  240,000  square  yards,  and  there 
was  consequently  no  immediate  fear  of  the  snp- 
ply  being  exhausted.  With  regard  to  the  use  of 
fine  ore  for  the  manufacture  of  briquettes,  he  was 
■unable  to  give  any  further  information.  The  works 
for  dressing  the  Gellivare  ores  had  only  just  been 
;started,  and  consequently  no  detailed  results  were  ypb 
published ; but  he  had  no  doubt  the  directors  would 
turn  their  attention  to  the  line  of  operations  marked 
'Out  by  Edison  in  the  process  to  which  Mr.  Stead  had 
referred.  He  could  not  say  off-hand  what  elevation  the 
proposed  railway  would  reach,  or  what  were  the  gra- 
dients, but  it  was  an  old  proposal  which  was  thrashed 
out  by  English  engineers  some  years  ago,  and  as  far 
as  he  remembered,  no  engineering  difficulties  were 
anticipated.  The  great  difficulty  which  proved  fatal 
to  the  English  company,  and  which  was  now  occupy- 
ing the  attention  of  the  Swedish  Parliament,  was  the 
question  of  protecting  the  railway.  The  Swedish  and 


Norwegians  rather  looked  upon  it  in  the  same  light 
as  many  people  regarded  the  Channel  Tunnel,  and  it  |l 
was  supposed  to  be  necessary  to  station  a large 
garrison  at  the  frontier  to  protect  it  in  case  of  war.  j 1 
Now  that  the  project  was  in  Swedish  hands  it  might  i ; 
be  possible  that  things  would  go  more  smoothly,  and  , 1 
certainly  Swedish  engineers  regarded  its  construction  h 
as  only  a question  of  time.  It  would  not  be  so  much  < 
Gellivare  as  Kiirunavaara  and  Luossavaara  which 
would  be  affected  by  it,  as  they  were  much  i 
nearer  the  coast  of  Norway  than  Gellivare  was  • 
to  Lulea,  the  port  from  Avhich  the  ore  was  now  | 
shipped.  It  had  been  a source  of  great  gratifica-  ij 
tion  to  him  to  be  alloAved  to  submit  this  paper.  He  ' 
had  on  previous  occasions  described  the  metallurgical  ■ 
portion  of  the  Exhibitions  at  Buda-Pest  in  1885, 
at  Barcelona  in  1888,  and  at  Kimberley  in  1893.  1 
He  was  glad  to  be  able  to  extend  the  series  by 
giving  a brief  account  of  an  Exhibition  in  which 
the  mining  and  metallurgical  exhibits  presented  far  1 
greater  points  of  interest  than  in  any  Exhibition  he  • 
had  ever  seen. 


Miscellaneous. 


SPANISH  SILKWORM  GUT. 

An  article  of  perhaps  no  little  interest  to  many 
persons  in  this  country,  and  of  some  substantial  im- 
portance to  Spanish  industries,  is  the  so-called  gut 
from  silkworms.  This  is  useful  for  fishing  purposes, 
partly  on  account  of  its  great  tenacity  and  partly 
owing  to  its  transparent  quality,  the  line  attaching  the 
hook  when  in  the  water  not  being  visible.  The 
United  States  Consular  Agent  at  Grao  says  that  since 
the  decline  of  silk  culture  in  Spain,  the  industry  of 
making  these  silk  threads  has  increased,  lea-ving  the 
peasants  some  profit.  The  prices,  however,  fluctuate  . 
according  to  the  value  of  the  silk.  The  higher  the  i 
price  of  silk  the  fewer  silkworms  are  used  for  fishing  ■ 
lines,  and  vice  versa  ; yet  about  4 per  cent,  of  the  1 
silk  grubs  are  destined  yearly  for  the  above  named  : 
purpose.  The  manner  of  obtaining  this  threadlike  | 
gut  is  as  follows  : — After  the  grub  has  eaten  enough  , 
mulberry  leaves  and  before  it  begins  to  spin,  which  is  j 
during  the  months  of  May  and  June,  it  is  thrown  into  . 
Aunegar  for  several  hours.  The  insect  is  killed  and  j 
the  substance  which  the  grub,  if  alive,  would  have  | 
spun  into  a cocoon,  is  forcibly  draAvn  out  from  the  j 
dead  worm  into  a much  thicker  and  shorter  silken  1 
thread,  in  Avhich  operation  dexterity  and  experience 
on  the  part  of  the  labourer  are  important.  Two  thick  | 
threads  (from  each  grub)  are  placed  for  about  four! 
hours  in  clear  cold  Avater,  after  Avhich  they  are  dipped 
for  ten  or  fifteen  minutes  in  a solution  of  some  caustic,  j 
for  Avhich  purpose  soft  soap  dissolved  in  water  is  used.  1 
This  serv’es  to  loosen  a fine  outer  skin,  Avhich  is  next  | 
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emoved  by  the  hands  while  the  workman  holds  the 
bread  between  his  teeth.  The  silk  is  then  hung  up 
o dry,  care  being  taken  to  choose  a shady  place,  as 
he  sun  has  the  effect  of  making  them  too  brittle 
ifterwards.  In  some  parts  of  the  country  these  silk 
juts  are  bleached  with  sulphur  vapour,  which  makes 
hem  look  beautifully  glossy  and  snow-white,  like 
spun  glass,  while  those  naturally  dried  retain  always  a 
.ellowish  tint.  The  quality  of  the  gut  is  decided 
tccording  to  the  healthy  condition  of  the  worm, 

‘ round  ” indicating  a good  quality,  and  “flat”  an 
nferior  one ; also  the  length  is  important.  The 
hickness  depends  upon  the  condition  of  the  grub, 
.'taly  and  Greece  produce  very  fine  and  thin  gut 
;trings,  and  these  are,  to  some  extent,  imported  into 
Spain  and  sold  again  by  weight  at  from  to  £6  per 
)ound  avoirdupois.  About  20,000  to  25,000  threads 
JO  to  make  up  one  pound.  The  Spanish  production 
s made  up  neatly  in  bundles  of  one  hundred  threads 
md  sold  by  ten  such  bundles,  or  one  thousand  threads, 
:t  about  1 6s.  for  the  round  kind  and  6s.  to  8s.  for  the 
lat  kind.  The  time  for  selling  this  article  wholesale 
s during  January,  February,  March,  and  April ; the 
etail  trade  is  during  the  summer  months  and  fishing 
eason.  Although  Murcia  is  the  principal  place  for 
his  industry,  yet  most  sales  are  made  outside  that 
ity.  The  peasants  of  Murcia  had  a practice  of  raising 
heir  prices  upon  the  slightest  demand,  which  drove 
>uyers  from  the  place.  The  peasants  now  go  every 
ear,  with  their  goods  packed  in  boxes,  up  and  down 
he  entire  coast  of  Spain  on  the  Mediterranean  as  far 
s France.  Valencia  is  considered  the  best  market. 


General  Notes. 

♦ 

Dijon  Exhibition,  1898.— Information  has  been 
eceived  from  the  Foreign  Office,  through  the  Science 
nd  Art  Department,  that  a Universal  and  Inter- 
ational  Exhibition  will  be  opened  at  Dijon  on  the 
St  June,  1898.  The  Exhibition  will  remain  open 
ntil  the  31st  October.  There  will  be  14  Sections — 

i)  Fine  Arts,  (2)  Social  Economy,  (3)  Hygiene, 

j)  Salvage,  (5)  Industrial  and  Decorative  Arts, 
.iberal  Arts,  Science,  (6)  Heating  and  Ventilation, 
-)  Electricity,  Traction,  (8)  Military  Art,  (9)  Manu- 
vctures,  (10)  Sport,  (ii)  Exercises,  Popular  Games, 

[2)  Conferences  on  Agriculture  and  Horticulture, 

[3)  Education  and  Work  of  Women,  (14)  Com- 
lerce.  Colonies.  All  communications  should  be 
ddressed  to  the  General  Manager  or  to  the 
hganising  Committee,  Rue  Monge  38,  Dijon. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

December  15. — “ The  Purification  of  Sewage  by 


Bacteria.”  By  Samuel  Ridkal,  D..Sc.  Sir  Douglas 
Galton,  K.C.B.,  F.R..S.,  w’ill  preside. 

Papers  for  meetings  after  Christmas  : — 

“The  Protection  of  Industrial  Property.”  By 
J.  F.  ISELIN. 

“ The  Projection  of  Luminous  Objects  in  Space.” 
By  Eric  Bruce,  M.A. 

“Aeronautics.”  By  Captain  B.  Baoen-Powell. 

“ Stage  Mechanism.”  By  Edwt.n  O.  Sachs. 

“The  Recent  History  of  Papermaking.”  By 
Clayton  Beadle. 

“The  Preparation  of  Meat  Extracts.”  By  C.  R. 
Valentine. 

“ Children’s  Sight.”  By  R.  Brudenell  Carter, 
P'.R.C.S. 

“ P'ireproof  Construction  of  Domestic  Buildings.” 
By  Thomas  Potter. 

“Compensation  to  Workmen.”  ByA.D.  Provand, 
M.P. 

“ The  Production  of  Low  Temperatures.”  By  Dr 
Carl  Linde. 

“ The  Cinematograph.”  By  Jules  Fuerst. 

“The  Present  Condition  of  the  Sugar  Industry.” 
By  T.  R.  Tufnell. 

“ English  Art  in  Illuminated  MSS.”  By  Sir  E. 
Maunde  Thompson,  K.C.B. 

“Renaissance  Woodwork  in  England.”  By  J. 
Hungerford  Pollen. 

“Recreations  of  an  Indian  Official.”  By  The 
Right  Honourable  Sir  Mountstuart  Elphinstone 
Grant-Duff,  G.C.S.L,  C.I.E.,  F.R.S. 

“The  Plague  in  Bombay.”  By  Herbert  Mills 
Birdwood,  C.S.I. 

“India  and  Sir  Henry  Maine.”  By  Charles 
Lewis  Tupper,  C.S.I. 

“ Glass  Painting.”  By  Lewis  F.  Day. 


Indian  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Thursdays,  at  4.30  or 
8 o’clock ; — 

January  20,  Februar)’’  17,  March  10,  31,  April  28, 
May  19. 


Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  afternoons  at  4.30 
o’clock  : — 

January  18,  February  15,  March  15,  April  5. 


Applied  Art  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  8 
o’clock : — 

January  25,  Februar}*  22,  March  8,  29,  April  26, 
May  17. 
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Cantor  Lectures. 

The  following  courses  of  Cantor  lectures 
will  be  delivered  on  Monday  evenings,  at 
Eight  o’clock  : — ■ 

Dr.  Eugene  F.  A.  Obach,  F.I.C.,  F.C.S., 
M.I.E.E.,  “ Gutta  Percha.”  Three  Lectures. 

Lecture  III.— December  13. 

The  Clean  Material.  — Chemical  composition, 
mechanical  and  electrical  properties — Application  for 
various  technical  purposes — Use  of  hardened  gutta 
percha  for  golf  balls— Absorption  of  oxygen  and 
behaviour  towards  ozone — Deterioration  and  pre- 
servation—Artificial  substitutes  for  gutta  percha— 
Concluding  remarks. 

Cyril  Davenport,  “ Decorative  Book- 
binding.” Three  Lectures. 

January  24,  31,  Februar>^  7. 

Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

February  14,  21,  28,  March  7. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.” 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Dec.  13  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
Eugene  F.  A.  Obach,  “ Gutta  Percha.”  (Lec- 
ture III.— “The  Clean  Material.”) 

Scottish  Society  of  Arts,  117,  George -street,  Edin- 
burgh, 8 p.m.  Prof.  R.  Hedyer  Wallace,  “The 
Adulteration  of  Dairy  Produce.” 

Imperial  Institute,  South  Kensington,  8|  p.m.  Prof. 

Roberts-Austen,  “Canada’s  Metals.” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Reports  on  the  Third  Series  of  Experiments  on 
Brickwork. 

Camera  Club,  Charing-cross-road,  W.C.,  8|  p.m 
Mr.  W.  Webster,  “ X Rays  up  to  date.” 

Medical,  ii,  Chandos-street,  W.,  8J  p.m.  ^ 

London  Institution,  Finsbury-circus,  E.C.,  5 

Mr.  Charles  Harding,  “The  Weather  Office  and 
its  Work.” 

Tuesday,  Dec.  14... Photographic  (at  the  House  of  the 
Society  of  Arts),  8 p.m.  Prof.  Lippmann, 
“ Colour  Photography.” 

Medical  and  Chirurgical,  20,  Hanover-square,  W., 
8^  p.m. 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  Mr.  R.  B.  Stanton,  “ The  Great  Landslides 
in  the  Canadian  Pacific  Railway  in  British 
Columbia.” 

.Statistical,  in  the  Theatre  of  the  United  Service 
Institution,  W’hitchall,  S.W.,  5^  P-m.  Presidential 
Address  by  the  Right  Hon.  L.  H.  Courtney, 
“ Jevons’s  Coal  Question— Thirty  Years  After.” 


Zoological,  3,  Hanover-square,  W.,  8|  p.m..  i.  Dr. 
E.  A.  Goeldi,  “The  Lepi'dosircn  paradoxa  from 
the  Amazon.”  2.  Dr.  A.  G.  Butler,  “ A Small 
Collection  of  Lepidoptera  made  by  Mr.  F.  Gillett 
in  Somaliland.”  3.  Mr.  Oldfield  Thomas,  “The 
Mammals  obtained  by  Mr.  A.  Whyte  in  N.  Nyasa- 
land,  and  presented  to  the  British  Museum  by  Sir 
H.  H.  Johnston,  K.C.B,  ; being  a Fifth  Contribu- 
tion to  the  Mammalogy  of  Nyasaland.”  4.  Rev.  O. 
Pickard  Cambridge,  “A  new  Genus  and  Species 
of  A car  idea.” 

Pharmaceutical,  17,  Bloomsbury  - square,  W.C., 
8 p.m. 

Colonial  Inst.,  Northumberland  - avenue.  W C,, 
4J  p.m.  Mr.  E.  P.  Gueritz,  “ British  Borneo.” 
Asiatic,  22,  Albemarlc-street,  W.,  4 p.m.  i.  Pro 
posal  to  found  Oriental  School  in  London.  2.  Dr. 
Hirshfield,  “Some  Legends  of  the  Early  Life  of 
Muhammed.” 

Wednesday,  Dec.  15. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Dr.  Samuel  Rideal,  “ The 
Purification  of  Sewage  by  Bacteria.” 
Meteorological,  25,  Great  George-street,  S.W., 
7 p.m.  I.  Mr.  R.  C.  Mossman,  “Daily  A alucs  of 
Non -Instrumental  Meteorological  Phenomena  in 
London,  1763-1896.”  2.  Mr.  William  Marriott. 

“ The  Rainfall  of  Seathwaitc,  Cumberland.” 
Geological,  Burlington-house,  AY.,  8 p.m. 
Microscopical,  20,  Hanover-square,  AY.,  8 p.m.  Mr. 
E.  B.  Stringer,  “A  New  Form  of  Photo-micro- 
graphic  Camera  and  Condensing  System.” 
Chemical,  Burlington-house,  AY.,  8}  p.m.  (Extr; 

Aleeting.)  Prof.  F.  R.  Japp’s  Kekule  Lecture. 
MiningandMetallurgy,  Geological  Museum,  Jermyn 
street,  S.W.,  8 p.m.  i.  Mr.  W.  Fischer  AYilkinson 
“Mining  on  the  Black  Reef,  AYitwatersrand  Gold 
fields,  South  Africa.”  2.  Mr.  Henry  AYatson 
“Notes  on  Smelting  at  Broken  Hill.”  3.  Hr.  Gerah 
V.  Hopkins,  “ Notes  on  the  Buying  and  Samplinj 
of  Ores  and  the  Working  of  Mines  on  tha  Tribut 
System  in  Chili.” 

Thursday,  Dec.  16... Royal,  Burlington-house,  AA'.,  4J  p.m. 
Antiquaries,  Burlington-house,  A\h,  8J  p.m. 
Linnean,  Burlington-house,  AY.,  8 p.m.  i.  Mr.  H 
M.  Bernard,  “ The  Affinities  of  the  Aladrcporaria 
Genus  A iveopora.”  2.  Messrs.  H.  and  J.  Grove; 
“West-Indian  Characece  collected  by  Mr.  T.  I 
Blow.” 

Chemical,  Burlington  - house,  AAA,  8 p.m.  i.  Dr.  J 
J.  Sudborough  and  Mr.  Lorenzo  Lloyd,  “ Stercc 
Chemistry  of  Unsaturated  Compounds.  Part  I.- 
Esterification  of  Substituted  Acrylic  Acids.”  • 
Dr.  J.  J.  Sudborough  and  Mr.  M.  E.  Feilman. 
“Formation  and  Hydrolysis  of  Esters.”  3.  D 
M.  Wilderman,  “A  New  Method  of  Dcterminir 
Freezing  Points  in  very  Dilute  Solution.” 

London  Institution,  Finsbury-circus,  E.C.,  6 p.r 
Mr.  F.  G.  Edwards,  “ Mendelssohn.” 

Historical,  28,  Jermyn-street,  S.AY.,  8|  p.m. 
Electrical  Engineers  (Chemical  Society  Room; 
Burlington-house,  W.,  8 p.m.  Continuation 
Discussion  on  Mr.  L.  Epstein’s  Paper,  “ Accumi 
lator  Traction  on  Rails  and  Ordinary  Roads.” 
Camera  Club,  Charing-cross-road,  AY.C.,  8J  p.i 
Dr.  Lindsay  Johnson,  “Rome  and  Roman  Life 
the  First  Century.” 

Friday,  Dec.  17. ..Civil  Engineers,  25,  Great  George-stre- 
S.W.,  8 p.m.  1.  Mr.  Archer  D.  Keigwin,  “T 
Elastic  Properties  of  Steel  WTre.”  2.  Air.  AA  . 
Brown,  “The  Elasticity  of  Portland  Cement.”  , 
Society  for  the  Encouragement  of  Indian  P 
(East  Conference-hall,  Imperial  Institute,  Soij 
Kensington),  4J  p.m.  General  Annual  Aleeting, 
Quekett  Alicroscopical  Club,  20,  Han  over- squa. 
W’'.,  8 p.m.  I 
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All  communicaiions  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  Londott,  W.C. 


Notices. 


JUVENILE  LECTURES. 

The  usual  short  course  of  lectures  adapted 
I for  a juvenile  audience  will  be  given  on 
Wednesday  evenings,  January  5 and  12, 
j 1898,  by  Professor  William  Ramsay,  Ph.D., 
F.R.S.,  on  “ Fire.” 

The  lectures  will  commence  at  7 o’clock. 

I Special  tickets  are  required  for  these  lectures, 
i which  can  be  obtained  on  application  to  the 
! Secretary.  A sufficient  number  of  tickets  to 
fill  the  room  will  be  issued  to  members  in  the 
order  in  which  applications  are  received,  and 
the  issue  will  then  be  discontinued.  Subject 
I to  these  conditions,  each  member  is  entitled  to 
! a ticket  admitting  two  children  and  an  adult. 

I Early  application  should  be  made. 


CANTOR  LECTURES. 

On  Monday  evening,  13th  inst..  Dr.  Eugene 
I Orach,  F.C.S.,  delivered  the  third  and  last 
! lecture  of  his  course  on  “ Gutta  Percha.” 

The  Chairman  (Mr.  Alexander  Siemens) 
proposed  a vote  of  thanks  to  the  lecturer  for 
his  course  of  lectures,  which  was  carried 
'unanimously. 

The  first  lecture  will  be  published  in  the 
next  number  of  the  Journal. 


LIST  OF  MEMBERS. 

The  new  edition  of  the  List  of  Members  of 
{the  Society  is  now  ready,  and  can  be  obtained 
•by  Members  on  application  to  the  Secretary. 


I Proceedings  of  the  Society. 

♦ 

j FIFTH  ORDINARY  MEETING. 

1 Wednesday,  December  15,  1897  > Sir 

IDouglas  Gallon,  K.C.B.,  F.R.S.,  Vice- 
President  of  the  Society,  in  the  chair. 

Ihe  following  cadidates  were  proposed  for 
Section  as  members  of  the  Society:— 


Bailey,  Hubert  Thomas,  4,  St.  Dunstan’s-alley,  Y..C. 
Bergne,  Sir  John  Henry  Gibbs,  K.C.M.G.,  Foreijjn- 
office,  S.W. 

Bond,  Walter  George  Alick,  Holmby,  Fortune-green- 
road,  West  Hampstead,  X.W. 

Clarke,  Charles  Bridger  Orme,  4,  St.  Dunstan’s- 
alley,  E.C. 

Pitcher,  Colonel  D.  G.,  Residency  Post-office, 
Gwalior,  Central  India. 

Whinfield,  John  Henry  Richard,  8,  Great  George- 
street,  .S.W.,  and  Brambletye,  Cavendish-road, 
Sutton,  Surrey. 

Wolfe,  Miss  Emma  Sarah,  High  Broom,  Crow- 
borough,  Sussex. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Mehta,  R.  D.,  C.I.E.,  55,  Canning-street,  Calcutta 
Milnes,  William  Henry,  56,  Croftdown-road,  X.W. 
Morton,  George  Arthur,  22,  Ridley-villas,  Xewcastle- 
on-Tyne 

Penton,  Edward,  i,  Mortimer-street,  W. 

Stansfield,  Alfred,  B.Sc.,  Aldersyde,  Hainault-road, 
Leytonstone,  X.E. 

Steam,  Charles  Henry,  Avoca-lodge,  Branstone-road, 
Kew-gardens 

Steel,  Fred  W.,  Tamunua,  X"avua-river,  h'iji 
Whitlock,  Alfred  Allen,  Park-street,  Dover 
Woods,  Henry,  A.R.A.,  Venice 

The  paper  read  was — 

THE  PURIFICATION  OF  SEWAGE  BY 
BACTERIA. 

By  Samuel  Rideal,  D.Sc.  Lond.,  F.I.C. 

The  success  which  has  attended  the  experi- 
ments at  Exeter  on  the  disposal  of  sewage  by 
means  of  what  is  known  as  the  septic  tank 
process,  makes  the  present  time  a fitting  one 
for  reviewing  the  present  position  in  regard  to 
the  problem  of  sew'age  disposal. 

The  various  methods  based  upon  chemical 
precipitation  and  subsequent  land  treat- 
ment of  the  effluent  have  given  results  which 
have  seldom  been  satisfactory  from  an  econo- 
mic point  of  view,  and  which  have  often 
been  disastrous  from  other  causes  to  such  an 
extent  that  many  authorities  are  now  refraining 
from  the  erection  of  works  on  the  old  lines. 

The  difficulties  which  have  arisen  have 
usually  proved  on  investigation  to  be  due  either 
to  the  injudicious  and  extravagant  use  of 
chemicals  or  to  the  unsuitabilit}^  of  the  land 
acquired  for  the  treatment  of  the  effluent.  The 
former  of  these  are  now  sufficiently  well  known 
for  them  to  be  guarded  against,  but  the 
nature  of  the  land  required  for  sewage  disposal 
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is  often  outside  the  control  of  the  local  authority, 
and  its  value  in  the  neighbourhood  of  populous 
centres  makes  it  almost  impossible  in  many 
cases  to  dispose  economically  of  sewage  in 
this  way. 

When  one  looks  back  to  a period  of  30  years 
ago,  it  will  be  recollected  that  at  that  time 
methods  of  upward  filtration  were  suggested 
in  the  place  of  chemical  precipitation,  and  the 
results  obtained  were  of  such  a satisfactory 
character  that  it  is  difficult  to  understand  how 
authorities  almost  universally  adopted  the 
chemical  treatment.  There  can  be  no  doubt 
that  in  slow  upward  filtration  of  sewage  the 
arrested  suspended  matter  slowly  disappears 
just  in  the  same  way  as  when  the  solid  matter 
of  sewage,  after  being  removed  by  straining 
or  by  chemical  precipitation,  subsequently 
disappears  when  dug  into  the  ground  or  buried 
beneath  the  surface. 

Similar  changes  take  place  in  mud  banks  in 
estuaries,  below  the  surface  of  water,  and  the 
conversion  of  organic  matter  of  vegetable  or 
animal  origin  at  the  bottom  of  a stagnant  pool 
into  harmless  gases  is  of  the  same  nature. 

Such  transformations  are  of  such  a subtle 
character  that  for  the  most  part  they  have 
escaped  attention,  and  yet,  without  doubt, 
they  are  as  important  as  those  more  promi- 
nent ones  which  take  place  in  the  presence  of 
light  and  air. 

It  would  seem  that  in  nearly  all  cases  of 
destruction  of  organic  matter  this  preliminary 
disintegration  takes  place  before  the  final 
oxidation  of  the  elements. 

Even  in  direct  combustion,  the  preliminary 
charring  is  of  a similar  character,  and  in 
some  cases,  as  for  example,  the  conversion 
of  starch  into  dextrin,  the  change  can  be 
imitated  by  chemical  means,  or  by  the  action 
of  enzymes.  Solid  organic  matter,  capable  of 
undergoing  change  even  in  the  presence  of  air, 
can  only  oxidise  directly  on  its  surface, 
whereas  in  a rotten  apple  or  cheese,  changes 
take  place  beneath  the  surface,  which  pave 
the  way  for  the  final  oxidation. 

Organic  matter  in  solution  similarly  seldom 
oxidises  directly  to  its  final  oxidised  products, 
but  passes  through  intermediate  conditions 
until  the  more  complex  organic  forms  are  re- 
solved into  others  of  more  simple  structure, 
and  these  are  subsequently  burnt  up  to  the 
stable  oxidised  compounds— water  and  car- 
bonic acid. 

It  is  difficult  to  give  a single  name  to  these 
phenomena,  the  older  terms  “ decay,”  “putre- 
faction” and“eremacausis”  did  not  sufficiently 


dilferentiate  between  them  and  the  combustion 
which  follows  so  closely.  The  term  “ bacterio- 
lysis” has  been  suggested,  and  it  seems  a 
useful  one  to  retain,  although  in  the  changes  | 
which  take  place  in  digestion  for  example,  | 
which  are  of  exactly  the  same  type,  enzymes 
and  not  bacteria  are  concerned.  When  the 
action  is  effected  by  chemical  agents,  the 
term  “hydrolysis  ” has  already  been  used  by  i 
chemists  for  such  breaking  down  of  organic 
matter.  Other  cases,  in  which  the  decom- 
position takes  place  without  any  absorption 
of  water,  may  be  grouped  under  the  general 
term  “ fermentation.”  In  some  of  these 
oxidation  is  simulated,  since  the  organic 
matter  is  partly  converted  into  final  stable 
oxidised  compounds.  The  oxygen,  however, 
in  such  products  is  not  derived  from  the  air, 
but  is  that  which  was  originally  present  in  the 
organic  matter  or  water  taking  part  in  the 
reaction. 

Thus  to  take  a specific  example  : albumen 
contains  the  elements  carbon,  hydrogen, 
nitrogen,  and  oxygen  in  the  ratio  represented 
by  the  empirical  formula  CSH13N0O3.  An 
anaerobic  change,  due  to  hydrolysis,  could  be 
expressed  thus ; — 

4 C8H13N2O3  + 14  H2O  = 

4 No  -fi  CH4  -f-  13  CO2  -f-  2H3 
Such  an  ideal  change  would  result  in  the 
production  of  all  the  gases  which  are  com- 
monly met  with  in  these  decompositions  and 
leave  no  soluble  organic  matter  for  oxidation. 
Non-nitrogenous  substances  like  cellulose  and 
woody  fibre  can  similarly  break  down  into 
starch,  sugar,  &c.,  and  in  presence  of  yeast 
into  carbonic  acid  and  alcohol.  In  most  natural, 
anaerobic  changes  of  this  character  it  is  found 
however  that  there  are  residual  compoundsj 
containing  nitrogen,  of  a humus-like  character.) 
which  have  been  little  examined.  These  com- 
pounds are  very  stable,  and  resist  cfiemica 
action.  In  vegetable  and  peaty  soils  the> 
seem  to  exist  in  appreciable  quantity.  Adene}| 
has  noticed  their  formation  in  his  experiments 
and  in  the  Exeter  septic  tank  the  blacl 
suspended  matter  is  of  similar  character 
That  this  stable  nitrogenous  matter  does  slowb 
disintegrate  is  shown  from  the  experiments  a 
Harpenden,  where  crops  have  grown  on  un 
manured  land  for  long  periods,  under  sucl 
conditions  that  it  is  difficult  to  ascribe  an 
other  source  for  their  nitrogen. 

I have  recently  pointed  out  that  when  thes 
changes  are  brought  about  by  organisms  whic 
are  usually  anaerobes,  like  B.  'prodigiosus  an 
B,  Jiuorescens  lig^uefaciens,  the  breakin 
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down  of  gelatine  to  albumoses,  ammonia, 
peptones,  &:c.,  is  not  accompanied  by  any 
absorption  of  oxygen,  or  the  formation  of 
any  oxidised  products,  and  it  is,  moreover, 
obvious  that  in  the  natural  process  of  diges- 
tion, solid  foods,  both  nitrogenous  and  non- 
nitrogenous,  are  digested  in  the  stomach  and 
intestines  before  the  products  are  absorbed  by 
the  blood  and  so  rendered  useful  by  oxidation. 
I have  also  noticed  in  laboratory  experiments 
the  production  of  inflammable  gases  from 
different  kinds  of  cellulose,  paper,  cotton 
wool,  dec.,  placed  in  water  and  inoculated 
with  sewage  organisms. 

The  amount  of  oxygen  required  to  render 
inoffensive  a unit  weight  of  the  substances  oc- 
curring in  sewage,  of  course  depends  on  the 
species  of  the  bacteria  which  are  acting,  as 
they  determine  whether  the  result  should  be  a 
complete  burning  to  CO2,  H2O,  and  N,  or  a 
partial  decomposition  to  equally  harmless 
compounds  like  NH3  and  Cfl4.  Thus  Strepto- 
coccus longus  liquefies  fibrin  to  ammonia, 
methylamine,  and  trimethylamine,  and  leaves 
in  solution  tyrosine,  leucine,  fatty  acids, 
succinic  acid,  collidine,  and  peptones  (Emmer- 
lich,  Ber.  1897,  30,  1863).  Elastin,  with 
anaerobic  organisms,  evolves  carbonic  acid, 
h}^drogen,  methane,  and  nitrogen,  whilst  the 
sulphur  remains  in  solution  as  mercaptan,  and 


is  not  evolved  as  sulphuretted  hydrogen  (Zoja, 
Zeit,  Physiol.  Chem.,  1897,  23,  236).  Grass 
similarly  evolves  carbonic  acid  and  nitrogen, 
under  the  action  of  B.  subtitis  and  oth(  r 
organisms.  B.  inycoidcs  also  acts  upon  the 
carbohydrates  in  grass,  and  ferments  gluco.^e 
to  inactive  lactic  acid,  and  hydrolyses  can-  - 
sugar, maltose,  and  glycogen  (Emmerlich,  Ber., 
1897,  30,  1896). 

The  gases  found  in  the  septic  tank  at  Exeter 
are  as  follows  : — 


Per  Cent. 

P»y  Volume. 

C02 

. 0*3 

0-6 

CH4 

24-4 

H 

. i8-2 



N 

38-6 

lOO-O 

lOO-O 

Much  of  the 

carbonic 

acid  dissolves  in  the 

water,  as  does 

also  the 

ammonia  produced. 

whilst  the  hydrogen,  from  its  easy  diffusibility, 
escapes  from  the  tank  more  rapidly  than  the 
heavier  gases.  No  sulphuretted  hydrogen  has 
been  found  in  the  septic  tank,  the  changes, 
therefore,  are  similar  to  those  which  take  place 
in  the  anaerobic  fermentation  of  elastin. 

The  following  Table  shows  the  weight  of 
oxygen  required  to  oxidise  some  typical  organic 
compounds  completely  to  their  final  stable 
products 


Substance. 

Empirical 

Formula. 

Pcr-centage  composition. 

Oxygen  required  by  one  part  to 
convert  it  into  : — 

C 

H 

N 

0 

CO2,  H^O,  and  N. 

CO^,  NH3,  and  H.O. 

Albumin 

C8H13N2O3  } 

53'4 

7-1 

15*8 

23-7 

1*754 

1*48 

Gelatin  

. . 

50 

6-6 

15-3 

25-1 

i-6i 

^ *33 

Starch,  cellulose,  and 

\ 

Avoody  fibre 

> CoHioOa 

44 

6-2 

•• 

49*4 

1*184 

1*184 

Ammonium  amidoacetate 

ammonium  salt  of  glycocine) 

j C2H8N2O2 

26*1 

876 

30*43 

Oj 

oc 

1-043 

0*53 

Urea  

CH4N2O 

20 

67 

467 

2 '66  ' 

1 

0*803 

0 

The  second  important  change  necessary 
For  the  complete  destruction  of  the  organic 
natter,  involves  the  essential  that  free  or 
available  oxygen,  either  from  the  air  or 
axidised  compounds,  shall  be  present.  It  has 
aeen  customary  in  recent  years  in  discussing 
he  action  which  take  place  in  filter  beds 
and  in  rivers,  as  well  as  beneath  the  surface  of 
iewage  farms,  to  call  the  phenomena  “ nitrifica- 
ion,”  but  it  is  necessary  to  point  out  that  the 
)xidation  of  the  organic  carbon  also  takes 
dace  at  this  stage.  The  more  general  term 


“oxidation”  is  therefore  more  useful,  and 
indicates  more  clearly  what  takes  place  in  the 
final  purification  of  a sewage  effluent. 

The  experiments  carried  out  by  the  Massa- 
chusetts Board  of  Health,  and  by  the  London 
County  Council  at  Barking,  have  been  directed 
almost  entirely  to  this  second  and  final  stage 
in  the  treatment  of  sewage.  And  in  the  latter 
experiments,  with  the  acre  filter  bed,  it  will  be 
recollected  that  only  sewage  which  had  been 
chemically  treated  or  in  which  the  solids  and 
suspended  matters  had  been  removed  was  used. 
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It  is  also  important  in  discussing  this  question 
to  recollect  that  the  anaerobic  or  hydrolytic 
change  takes  place  very  rapidly  under  favour- 
able conditions,  and  that  it  is  not  unusual  to 
find,  especially  in  towns  in  which  the  sewers 
are  old  and  tortuous,  a crude  sewage  in  which 
these  preliminary  disintegrating  changes  have 
taken  place  to  a very  considerable  extent. 

It  is  easy  to  see,  by  calculation,  that  an 
average  sewage  from  a water-closet  town,  with 
a water  supply  of,  say,  25  gallons  per  head, 
should  produce  a sewage  which,  when  fresh, 
should  contain  about  10  parts  of  organic 
nitrogen  per  100,000,  but  one  finds  in  the 
majority  of  cases  the  sewage  of  a town  contains 
only  from  i to  2 parts  of  organic  nitrogen,  and 
in  many  cases  less  than  this  amount.  This 
difference  must  be  due  to  the  very  rapid  break- 
ing up  of  the  organic  matter  present  by  the 
anaerobic  methods  described,  and  is  accom- 
panied by  a corresponding  increase  in  the 
ammonia  from  nothing  up  to  8 parts  per 
100,000,  less  the  loss  which  may  be  due  to  the 
evolution  of  free  nitrogen  gas  and  possibly 
oxides  of  nitrogen. 

I have  gone  into  this  subject  at  some  length 
as,  until  quite  recently  it  was  believed  that  the 
purification  of  sewage  was  simply  a process  of 
oxidation,  and  that  air,  or  oxidising  chemicals 
were  the  chief  factors  required. 

These  introductory  remarks  on  the  theory  of 
the  bacterial  processes  involved  enable  me 
to  give  a brief  outline  of  the  different  methods 
which  are  now  being  tried  for  dealing  with  raw 
sewage,  taking  them  in  their  order  of  intro- 
duction. 

1892.  Scott-Moncrieff  introduced  his  culti- 
vation filter  bed.  In  this  system  the  raw 
sewage  passes,  without  any  screening,  into 
the  bottom  of  an  upward  filter  bed  fitted  with  a 
false  bottom.  The  liquid  portion  rises  through 
this  false  bottom,  and  then  through  successive 
layers  of  flint,  coke,  and  gravel  of  about 
14  inches  in  thickness,  and  then  reaches  the 
level  of  the  outflow  pipe,  about  two  inches  below 
the  level  of  the  invert  drain.  The  solids  and 
suspended  matter  are  thus  arrested  at  the 
bottom  of  the  filter  bed  and  finally  disappear  or 
dissolve  anaerobically  in  the  open  space 
below  the  filter.  The  flint  and  coke  form 
surfaces  upon  which  the  further  changes  take 
place  and  become  more  and  more  aerobic  in 
character  towards  the  surface  of  the  bed. 

“ By  the  concentration  of  the  crude  sewage 
in  the  filter  bed  the  bacteria  are  provided  with 
an  unlimited  supply  of  nutritive  material,  and 
so  are  capable  of  indefinite  multiplication. 


while  at  the  same  time  their  self-injurious 
products  are  being  constantly  swept  away. 

“ In  order  to  still  further  improve  the  quality 
of  the  effluent  by  longitudinal  filtration,  by  oxi- 
dation, and  by  the  action  of  micro-organisms, 
Mr.  Scott-Moncrieff  devised  what  he  has 
termed  nitrifying  channels.  These  in  their 
simplest  form  consist  of  half  channel  pipes 
joined  together  with  cement  and  filled  with 
coke.  Mr.  Moncrieff  hoped  that  by  allowing 
the  effluent  from  the  filter  bed  to  flow  down  a 
sufficiently  long  channel,  the  organic  nitrogen 
would  be  oxidised  into  nitrates  and  nitrites. 
His  expectation  was  only  realised  in  part, 
because  the  effluent  still  contained  sufficient 
organic  matter  to  call  for  further  oxidation, 
and  so  to  prevent  the  formation  of,  or  even  to 
de-oxidise,  existing  nitrites  and  nitrates.” 

Since  1892,  Mr.  Moncrieff  has  modified  his 
original  plans  by  arranging  two  or  more  filter 
beds,  so  as  to  allow  of  their  periodic  aeration 
and  resting.  For  this  purpose  the  contents  of 
the  tank  are  emptied  by  means  of  a penstock 
at  its  lower  end.  Among  the  organisms  iso- 


lated from  the  effluent,  the  following  have  been 


identified  ; — B.  fluorescens  liquefaciens,  B 
subiilis,  Proteus  vulgaris,  B . figurans , B. 
luteus,  B.  mycoides,  and  Cladothrix  dicho- 
toma. 

1895.  The  Exeter  System.  -In  this  process 
Mr.  Cameron  effects  the  liquefaction  of  the 
solids  in  a closed  tank  sunk  beneath  the  sur- 
face of  the  ground.  The  raw  sewage  flows 
into  one  or  more  grit  chambers,  and  then  over  a 
partition  into  the  tank,  where  it  slowly  passes 
to  the  further  end,  the  effluent  passing  out  of 
the  tank  through  a slotted  pipe  placed  beneath 
the  surface  of  the  liquid  transversely  to  the 
flow.  The  tank  effluent  passes  over  an  aerating 
weir  and  thence  to  coke  breeze  filter  beds 
arranged  in  series,  and  fitted  with  automatic 
gear,'so  that  a cycle  of  aeration,  filling,  resting 
full,  and  emptying  is  ensured  to  each  filter  in 
rotation. 

In  the  present  installation  at  Belle  Isle,  the 
sewage  from  about  2,000  inhabitants  has  been 
dealt  with  continuously  for  nearly  eighteen 
months.  The  process  has  been  carefully 
examined  by  several  experts,  and  recently  a 
Local  Government  Board  inquiry  has  been 
held  with  a view  to  extending  the  system  to 
the  whole  of  the  city.  In  the  new  installation 
provision  has  been  made  for  a nominal  daily 
flow  of  1,064,610  gallons,  or  for  a prospective 
population  of  about  46,000.  The  sewage  flows 
by  gravity  to  the  disposal  works,  which  con- 
I sist  of  six  tanks,  each  35  by  181  by  7 ft.,  and 
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having  a total  capacity  of  262,422  cubic  feet. 
These  tanks  will  be  roofed  by  concrete  arches, 
carried  by  brick  piers  and  covered  over 
with  soil.  The  tanks  are  so  arranged  as  to 
be  used  either  singly  or  in  series  : and  when 
the  outfall  sewer  is  running  full  bore  the 
contents  will  be  changed  in  hours.  The 
solid  matter  in  suspension  will  dissolve  in 
these  tanks,  with  the  exception  of  the  small 
quantity  of  black  humus,  which,  at  long 
intervals,  can  be  removed  from  the  deposit 
chamber.  The  effluent  passes  over  aerating 
weirs  to  filters  which  will  deal  with  a quantity 
of  sewage  equal  to  twice  the  daily  flow  from 
the  prospective  population,  and  with  storm 
water  up  to  il;  times  the  volume  of  the  sewage. 
Storm  water  m excess  of  this  amount  passes 
over  a series  of  aerating  weirs  into  the  river 
or  on  to  the  land.  By  means  of  modules, 
placed  betw^een  the  tanks  and  filters,  their  work 
is  made  uniform  throughout  the  day. 

The  filters  are  eight  in  number,  and  have 
a total  area  of  2^  acres,  or  13,613  feet  each 
and  four  feet  deep  with  a working  capacity 
of  2,500,000  gallons  a day,  and  will  be  filled 
and  emptied  by  automatic  gear.  It  will 
be  seen  that  Mr.  Cameron,  like  Mr.  Scott- 
Moncrieff,  carefully  differentiates  between  the 
hydrolytic  or  solution  process,  and  the  subse- 
quent oxidation  required  for  final  purification. 

Dr.  Sims  Woodhead  has  shown  that  the 
liquefyinganaerobic  organisms  are  more  numer- 
ous in  the  tank  than  in  the  effluent  or  filtrate, 
whilst  the  liquefying  aerobic  organisms, 
although  still  present,  diminish  in  quantity 
but  again  increase  when  the  tank  effluent 
passes  over  the  aerating  weir.  It  would  seem 
therefore  that  although  primarily,  the  septic 
tank  has  an  anaerobic  function,  the  aerobes 
are  capable  of  surviving  and  even  doing  a 
certain  amount  of  oxidising  work.  Their  pro- 
duct nitric  acid  appears  in  small  quantities 
in  tank  effluents,  but  it  is  probable  that,  as 
pointed  out  later,  the  nitrates  are  reduced  as 
soon  as  they  are  formed,  evolving  nitrogen, 
and  causing  a further  destruction  of  the 
residual  organic  matter. 

1896.  The  Sutton  Process. — In  the  autumn 
of  1896  the  Sutton  District  Council  at  the  advice 
of  Mr.  Dibdin  constructed  an  open  tank  filled 
with  coarse  burnt  ballast,  which  failed  to  pass 
through  a half-inch  mesh.  The  crude  sewage, 
partially  screened,  was  turned  on  to  this  bac- 
teria tank,  “ the  idea  being  first  to  ensure  the 
i coarse  suspended  matters  getting  into  the 
' whole  body  of  the  filter  instead  of  forming  a 
layer  on  the  top ; and  secondly  to  also  insure 
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the  body  of  the  filter  being  thoroughly  aerated 
when  the  water  was  drawn  off,  it  being  impos- 
sible for  such  a coarse  bed  to  become  water- 
logged.” The  filtrate  from  such  coarse  filters 
is  finally  purified  by  a fine  coke  breeze  filter 
similar  to  those  used  in  the  Barking  experi- 
ments with  chemically  treated  effluents,  and  to 
those  used  by  Mr.  Cameron  for  purifying  the 
septic  tank  effluents. 

Although  this  tank  is  designed  to  work  con- 
tinuously, it  is  obvious  that  either  it  must  be 
emptied  very  rapidly,  or  a system  of  duplica- 
tion such  as  has  been  found  necessary  by  Mr. 
Scott-Moncrieff  must  be  resorted  to.  It  is 
further  to  be  noticed  that  the  object  is  to 
arrest  the  solids  in  the  body,  and  not  on  the 
surface  of  the  bed,  and  therefore  in  the  dark, 
and,  to  a certain  extent,  away  from  the  air, 
although  the  periodic  emptying  is  designed  to 
introduce  oxygen  into  the  bed  and  is  therefore 
opposite  in  design  to  the  Cameron  and  Scott- 
Moncrieff  systems.  Since,  as  pointed  out  earlier 
in  this  paper,  a breaking  down  without  oxygen 
is  an  essential  preliminary,  we  have  in  this 
bacteria  tank  an  anaerobic  change  taking 
place  in  spite  of  the  aerobic  conditions,  and 
even  if  aerobic  bacteria  or  higher  animals 
(larvae,  &c.,  which  abound  in  summer  on  the 
surface  of  such  tanks)  do  bring  on  the 
dissolution  of  the  organic  matter,  the  change 
is  still  primarily  one  in  which  atmospheric 
oxygen  is  only  indirectly  advantageous. 

1897.  The  Ducat  System. — This  has  been 
described  by  Dr.  Barwise  as  the  beehive 
tank,  and  by  the  inventor  as  an  aerated 
bacterial  self-acting  filter.  It  is  designed  to 
be  continuous  in  its  action,  and  by  heating 
arrangements  it  is  hoped  will  also  be  inde- 
pendent of  the  seasonable  temperature  varia- 
tions. The  walls  of  the  tank  are  made  of 
perforated  tiles  or  drain-pipes,  so  that  air  can 
blow  in  to  the  body  of  the  filter.  The  material 
is  coarse  at  the  top,  and  fine  at  the  bottom  ; it 
is  therefore  similar  in  function  to  the  Sutton 
system,  except  that  the  coarse  filter  is  super- 
posed on  the  finer  one.  It  further  resembles 
the  Sutton  design  inasmuch  as  atmospheric 
oxygen  is  intentionally  brought  into  intimate 
contact  with  the  sewage  at  once  without  giving 
any  period  of  anaerobic  change  as  in  the  two 
earlier  processes  already  described.  I have 
pointed  out  elsewhere  that  the  first  changes  in 
the  dissolution  of  the  organic  matter  in  sewage 
may  be  very  rapid,  and  in  towns  with  old  sewers, 
the  sewage  to  be  treated  may  be  so  far  advanced 
in  anaerobic  decomposition  that  a filter  of  this 
description  can  at  once  deal  with  it. 
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In  judging  the  results  obtained  by  these 
newer  processes  of  sewage  purification  we  are 
brought  face  to  face  with  the  problem  as  to 
what  may  be  regarded  as  a satisfactory 
effluent.  It  will  be  recollected  that  the  Rivers 
Pollution  Commission  sought  to  legalise, 
amongst  other  standards,  2 parts  of  organic 
carbon  and  0*3  of  organic  nitrogen  per  100,000 
for  liquids  which  might  safely  be  discharged 
into  streams.  Since  the  date  of  this  Com- 
mission various  water-boards  and  authorities 
in  this  country  have  made  modifications  in 
these  standards  or  their  equivalents  in  terms  of 
“oxygen  consumed”  and  “albuminoid  am- 
monia,” but,  so  far  as  I am  aware,  no  authority 
officially  permits  a proportional  variation  in  the 
quality  of  an  effluent  to  its  amount  or  the 
volume  of  the  river  into  which  it  discharges  ; 
nor  have  we  at  present  any  authority  which 
attaches  a value  to  the  ratio  of  the  remaining 
organic  matter  to  the  available  or  potential 
purification  which  exist  in  the  nitrites  or 
nitrates  in  effluents. 

It  ought  to  be  laid  down  as  a principle  that 
the  quality  of  a satisfactory  effluent  must  vary 
according  to  its  destination,  whether  a large 
river,  or  land,  or  an  estuary,  or  whether  riparian 
towns  below  might  be  affected,  more  especially 
if  they  use  the  stream  as  a water  supply.  The 
velocity  of  current  and  aeration  of  a river,  and 
the  presence  of  vegetation  will  also  greatly 
affect  the  result.  My  own  work  on  the  subject 
shows  that  effluents  in  an  active  bacterial  state 
undergo  vigorous  nitrification  even  without  the 
addition  of  more  water  : in  a large  river,  well 
supplied  with  oxygen,  the  changes  are  still 
more  rapid,  and  in  a short  time  the  purification 
is  complete.  Under  favourable  circumstances, 
therefore,  the  conditions  need  not  be  so  rigorous 
as  with  a smaller  stream,  in  places  where  a 
water  supply  has  unfortunately  to  be  drawn  at 
a point  lower  down. 

The  standard  of  0*3  parts  of  organic  N per 
100,000  was  founded  on  the  idea  current  at  that 
date  (1873)  that  the  chief  purification  depended 
on  chemical  oxidation  during  the  era  when  sand 
filtration  only  was  tried,  and  it  was  formulated 
on  the  grounds  then  adduced  that  “ no  river  in 
the  United  Kingdom  was  long  enough  to 
secure  the  oxidation  and  destruction  of  any 
sewage,”  whereas  Sir  E.  Frankland,  a 
member  of  this  Commission,  states  in  his 
book  on  water  analysis,  that  “ Nitrates  and 
nitrites  are  rapidly  destroyed  when  the 
organic  matter  in  the  water  containing  them 
enters  into  putrefaction,  a condition  which  often 
occurs  in  streams  or  reservoirs  containing 


much  organic  matter.  The  organic  matter  in 
deep  well  water,  too,  is  often  oxidised  at  the 
expense  of  nitrates.”  The  nitrates  and 
nitrites,  therefore,  evidently  supply  a store  of 
oxygen  for  the  destruction  of  the  organic 
matter  through  the  agency  of  active  bacteria. 
Thus,  in  the  case  of  the  River  Exe,  Dr.  Dupre 
and  myself  found,  in  1895,  that  the  discharge 
into  it  of  the  sewage  of  40,000  people,  the  river 
being  40  times  the  volume  of  the  sewage, 
was  not  indicated  by  any  serious  alteration  in 
the  quality  of  the  stream.  Dupr6  has  by 
direct  experiment  succeeded  in  arresting  putre- 
faction of  London  sewage  by  adding  35  times 
its  volume  of  London  tap  water.  The  Oxford 
public  analyst,  in  a report  to  the  local  county 
council,  dated  November  13,  1897,  corroborates 
this  rapid  change  in  flow,  laying  stress  on  the 
“natural  agencies,”  now  known  to  be  almost 
entirely  bacterial. 

But  the  changes  in  the  natural  purification 
of  sewage  lead  more  to  the  production  of 
nit}Ites  than  of  nitrates.  In  published 
analyses  the  former  have  not  been  sufficiently 
recognised.  But  nitrous  acid  and  nitrites 
are  well  - known  carriers  of  oxygen  ; they 
readily  absorb  oxygen  from  the  atmosphere, 
or  dissolved  oxygen  from  a river  water,  and 
yield  it  again  to  the  organic  impurities, 
oxidising  them  to  carbonic  acid  and  water. 
From  this  useful  instability,  they  count  in 
many  analyses  in  the  “ oxygen  consumed,” 
and,  therefore,  lead  to  a higher  estimate  of 
the  organic  matter. 

As  an  example  of  the  production  of  nitrites, 
three  Exeter  filtrates,  which  on  June  i8th  con- 
tained only  “ heavy  traces,”  were  analysed  on 
June  30th,  twelve  days  later. 


Parts  per  100,000. 


Number. 

Original  N 
as  nitrate. 

After  12 
days. 

Original  N 
as  nitrite. 

After  12 
days. 

VI. 

I -01 

I-I52 

very  heaty 
trace 

0-48 

VII. 

0-590 

0-624 

hea^y  trace 

0-666 

VIII. 

0-696 

0-768 

heavy  trace 

0-55 

A later  sample  will  further  illustrate  this  | 
instability. 


Nitrogen  as  Nitrates.  Nitrogen  as  Nitrites. 

Nov.  loth,  1897 

1-49 

•030 

Nov.  i8th,  ,, 

I-SI 

•74 

Dec.  2nd,  ,, 

2-58 

trace 
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In  an  effluent  from  the  septic  tank  at  Exeter, 
' on  November  loth,  the  nitrate  was  0’030,  the 
nitrite  none ; on  December  2nd,  the  nitrate 
i was  o-o6o,  the  nitrite  excessive,  so  that  the 
production  of  nitrite  can  proceed,  in  some 
cases,  independently  of  the  reduction  of  nitrate. 
So  long-  ago  as  1886,  Gayon  and  Dupetit 
{^Station  Agronomique  de  Bordeaux,  1886) 
investigated  the  change  of  nitrates  to  nitrites 
i with  evolution  of  nitrogen  oxides  and  nitrogen 
gas  by  the  agency  of  bacteria.  The  disengage- 
ment of  these  gases  is  an  important  and  till 
now  unrecognised  element  in  the  purification, 
as  they  are  without  odour  and  innocuous.  Two 
organisms  w^ere  isolated  from  sewage,  which, 
in  the  presence  of  organic  matter,  decomposed 
i nitrates  with  production  of  nitrogen  and  nitrous 
' oxide.  They  state  that  in  a nitrated  medium 
the}^  were  anaerobic,  taking  oxygen  fro7n  the 
7iitrate,  and  that  in  certain  solutions  as  much 
as  9 grammes  per  litre  of  nitrate  could  be 
decomposed.  By  exact  analysis  of  the  evolved 


gases,  and  of  the  fermented  liquids,  the  authors 
show’  that  the  whole  of  the  nitrogen  of  the 
nitrate  is  evolved  as  gas,  and  that  the  whole 
of  the  oxygeji  of  the  nitric  acid  is  combijied 
with  the  carbon  of  the  organic  matter  to 
form  CO2,  a portion  of  which  may  be  evolved 
as  gas,  while  the  remainder  combines  with  the 
base  to  form  an  acid  carbonate.  Organic 
matter  is  esse?itial  to  the  react i07i.  “ i grm. 

KNO3  requires  0*148  C or  0*273  grm.  of 
albuminoid  matter  for  its  complete  decom- 
position.” The  N -|-  ■+■  CO2  account  for  all 

the  nitrogen,  carbon,  and  available  oxygen  of 
the  nitrate. 

The  denitrifying  bacteria  will  not  develop 
in  liquids  deprived  of  nitrate  and  out  of  contact 
with  air,  nor  will  they  attack  organic  matter 
under  these  circumstances.  'I'he  authors  further 
proved  denitrification  to  be  a fermentation  which 
consists  in  the  direct  burning  uf  of  organic 
ca7'boii  at  the  expense  of  the  oxyge?i  of  a 
7ti Irate. 
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Exeter  septic  tank  filtrates  ) 
average,  Nov.  1896 ) 

•496 

1*42 

heavy 

I '83 

0*91 

1*10 

0 

0*50 

12 

2 

Ditto,  June,  1897  

•848 

2*44 

•565 

•970 

3*82 

0-966 

1*21 

0 

1 0-412 

33 

3 

Weybridge  raw  sewage,  June  ) 
i2th,  1896  i 

0 

0 

0 

0 

0 

4-00 

0 : I 

5 

5 

1*05 

0 

4 

Yeovil  raw  sewage,  June  15th,  < 
1896  1 

0 

0 

0 

0 

0 

5*87 

0 : I 

7 

7 

i‘i35 

0 

5 

"Wembley  sewage  farm  efflu-  ) 
ent,  June  22nd,  1896  )| 

•75 

2-14 

heav}' 

2-14 

1-79 

i’2  : I 

2-1 

0 

o'go 

48-7 

6 

Aylesbury  sewage  effluent,  \ 
June  22nd,  1894  i 

•08 

0-23 

trace 

0*23 

7'23 

•032  : I 

8*4 

8 

i 1*3 

13 

7 

Croydon  sewage  farm  effluent,  1 
April  26th,  1895  i 

•88 

2*51 

heavy 

2*51 

1-29 

1-94  : I 

I ‘5 

0 

0-07 

63 

8 

Precipitation  and  coke  breeze  \ 
filter,  Dibdin,  1894  ) 

*202 

■577 

•577 

1-04 

•55  : I 

1*34 

•55 

9 

Ditto,  1895 

1*10 

3*14 

3*14 

I'26 

2-5  : I 

i’47 

0 

10 

Pearmain  & Moore’s  average : '1 

o-i6 

E.xeter  filtrate  effluent.  May  1 
and  June,  1897  ‘ 

1*3 

3*71 

none  ? 

3‘7i 

0*47 

8 : I 

•55 

0 

43 

TI 

Dibdin’s  average  Exeter  fil-  ) 
trates,  April  and  June,  1897  j 

•504 

1-44 

*361 

•433 

1-87 

o'55 

3*4  : I 

*636 

0 

o-ii 

17 

12 

Exeter  raw  sewage  

0 

0 

0 

0 

0 

6-56 

0 : I 

8 

8 

1-40 

0 

13 

Exeter  septic  tank  effluent 

•041 

•117 

trace 

•117 

4*32 

-027  : I 

5 

4'9 

0-64 

10 

14 

Sutton  crude  sewage 

0 

0 

*021 

•037 

•037 

6*5 

•006  : I 

7'5 

7*4 

V13 

02 

15 

Sutton  effluent 

•587 

1-68 

•23 

•28 

2-17 

2-39 

•9  : I 

2-8 

0’2 

0*47 

19 

16 

Sutton  filtrate 

i'53 

0 

4'37 

0 

0-067 

faint 

trace 

•115 

4’485 

0 

0-92 

2-32 

5 : I 
0 : I 

i*i 

0 

0"24 

5 4 

17 

River  Brent— Perivale  Rec-  \ 
tory — June,  1896  I 

3 

3 

0-65 

0 

Therefore,  after  partial  nitrification  in  a filter, 
j this  action  of  another  class  of  bacteria,  w’hich 
I absolutely  require  a certain  amount  of  organic 
carbon  as  food,  converts  the  latter  into  car- 


bonic acid  and  harmless  gases  such  as  N 
and  N2O,  the  oxygen  required  being  taken 
from,  the  air  or  from  that  dissolved  in  the 
water.  The  change  is  illustrated  in  the  above 
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table  of  typical  sewages  and  effluents,  in  which 
the  “available  oxygen”  is  that  present  as 
nitrate  or  nitrite,  and  the  amount  of  carbona- 
ceous matter  requiring  destruction  is  measured 
by  the  ordinary  figure  of  “ oxygen  consumed  ” 
as  determined  by  permanganate,  since  after 
four  hours  heating  with  permanganate  no 
dangerous  matter  can  be  left.  The  table  also 
shows  that  the  available  oxygen  as  nitrates 
and  nitrites  is  in  certain  effluents  quite  suffi- 
cient in  most  cases  to  deal  with  the  organic 
matter,  even  without  help  of  the  oxygen  dis- 
solved in  river  water. 

My  friend,  Mr.  Henry  Law,  has  suggested 
that  the  conditions  for  the  discharge  of  any 
effluent  into  a stream  may  be  expressed  in  the 
following  form  : — 

X = flow  of  stream  in  lOO  litres  per 
minute. 

O =:  grammes  of  free  oxygen  in  loo  litres 
of  the  stream. 

S = number  of  loo  litres  of  effluent  dis- 
charged per  minute. 

n = grammes  of  available  oxygen  as 
nitrates  and  nitrites  in  100  litres 
of  effluent. 

m = grammes  of  “oxygen  required  to 
consume”  the  organic  matter  in 
100  litres  of  the  effluent  as  deter- 
mined by  the  permanganate  test. 

C number  of  times  that  the  free  oxygen 
in  the  stream  exceeds  that  required 
to  oxidize  the  organic  matter  in 
the  effluent. 

Then- 

Quantity  of  free  oxygen  in  stream  = X O 
Oxygen  required  by  the  effluent  = (m — -n)  S. 

So  that  X O = C (m — n)  S. 

When  there  are  no  nitrates  in  the  fluid, 
then  — 

X O rr:  C m S. 

When  X O > (m — n)  S,  we  have  stability,  and 
when  X O < (m — n)  S,  the  effluent  should  be 
condemned. 

I have  already  commented  favourably  in  a 
former  paper  (“  J.  San.  Inst.”  xviii.  76)  on  the 
suggestion  of  Adeney  (“  Royal  Dublin  Soc.’s 
Trans.”  Sept.  1895)  that  “ The  limit  of  impurity 
allowed  to  a given  water  (or  effluent)  should  be 
such  that,  when  a given  volume  of  it  is  mixed 
with  a given  body  of  fully  ai^rated  water,  and 
the  mixture  kept  in  a bottle  out  of  contact  with 
air  for  a sufficient  length  of  time,  a decided 
oxidation  of  the  ammonia  originally  present 
into  nitrous  or  nitric  acid  shall  be  indicated.” 
Such  an  occurrence  would  prove  a healthy  state 


of  change,  and  would  be  accompanied  by  a 
disappearance  of  colour  and  a reduction  of  the 
total  organic  matter. 

A large  number  of  the  published  analyses  of 
effluents  are  vitiated  by  the  fact  that  the 
samples  have  not  been  analysed  until  some 
days  after  collection,  frequently  at  the  end  of 
a long  transit  by  rail  or  other  conveyance, 
during  which  the  agitation  and  inevitable  con- 
tact with  air  will  have  considerably  altered  the 
composition  in  a favourable  sense.  It  is, 
therefore,  desirable,  wherever  possible,  to 
analyse  an  effluent  within  a very  brief  time 
from  its  collection,  and  the  more  impor- 
tant determinations  should  be  made  on 
the  spot  within  a few  minutes  of  the  dis- 
charge. Although  this  is  undoubtedly  the 
only  fair  procedure,  such  analyses  are  not  of 
course  comparable  with  those  carried  out 
under  the  usual  conditions  which  give  an 
apparently  higher  quality  to  the  effluent,  but 
they  demonstrate  the  existence  of  the 
rapid  and  beneficial  improvement  in  some 
effluents  which  I consider,  with  Adeney,  one 
of  the  main  criteria  of  safety. 

In  the  examination  of  sewages  and  effluents 
there  is  a great  difficulty  in  obtaining  reliable 
samples,  chiefly  on  account  of  the  variation  of 
rainfall  and  evaporation.  In  chemical  pre- 
cipitation there  is  also  a dilution  by  the 
reagents  used.  The  strength  of  sewage  itself 
is  continually  varying  during  the  24  hours,  and 
it  takes  a considerable  time  for  a given  sewage 
to  appear  at  the  effluent  outlet.  Consequently, 
the  collection  of  isolated  samples,  especially 
when,  as  in  recent  cases,  the  sewage  and 
effluent  are  taken  almost  at  the  same  time, 
furnishes  no  index  whatever  to  the  extent  of 
purification.  Urine  and  faeces  contain  a large 
but  fairly  constant  proportion  of  chlorine, 
whereas  river  water  contains  much  less,  and 
rainwater  very  little;  so  that  an  approximate 
calculation  may  be  made  of  the  degree  of  excre- 
tory pollution  from  the  amount  of  chlorine.  The 
only  satisfactory  basis  for  a comparison  between 
effluents,  or  between  them  and  sewages,  is 
to  calculate  them  to  a uniform  standard  of 
chlorine.  Even  in  cases  like  that  of  the 
Salford  sewage,  where  the  chlorine  figure  in 
the  sewage  was  raised  by  factory  discharges  to 
upwards  of  60  parts  per  100,000,  the  calculation 
would  still  establish  an  individual  correspond- 
ence between  sewage  and  effluent,  while  what 
may  be  termed  the  extraneous  chloride  could 
be  allowed  for. 

The  processes  at  work  in  destroying  the 
putrescible  matter  in  sewage  involve  its  tran- 
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sition  into  products  yielding  albuminoid  and 
free  ammonia  ; an  increase  in  the  free  ammonia, 
therefore,  is  actually  a proof  that  so  much  de- 
struction of  nitrogenous  organic  matter  has  oc- 
curred. Albuminoid  ammonia  in  an  effluent  may 
alsobea  goodsign,  indicatingeitherthat organic 
matter  as  sediment  has  gone  into  solution,  or 
that  stable  soluble  matter  has  been  partially 
broken  up.  In  a research  on  the  different 
actions  of  sodium  peroxide  and  of  permanganate 
on  the  organic  matter  in  water  (“  British  Asso- 
ciation Reports,”  1893),  I have  shown  that 
different  kinds  of  “ albuminoid  ammonia  ” are 
possible,  remarking  that  waters  containing 
fresh  sewage  which  has  been  partially  oxidised 
by  the  peroxide  yield  the  remainder  of 
their  ammonia  to  the  alkaline  permanganate 
much  more  rapidly  than  when  the  water 
had  not  been  so  treated,  and  suggesting 
the  presence  in  waters  of  organic  nitrogenous 
matters  which,  when  partially  oxidised,  are 
then  in  a condition  to  be  completely  broken 
up  by  the  stronger  reagent.  When  the 
albuminoid  ammonia  process  was  introduced 
it  was  well  known  that  there  was  a varying 
relation  between  the  quantities  of  albuminoid 


ammonia  and  the  amounts  of  different  kinds  of 
organic  nitrogenous  matter.  The  works  of 
Preusse  and  Tiemann,  Mallet,  Leffmann  and 
Bean,  P.  Frankland  and  others  have  confirmed 
the  inference  that,  although  a usrTul  indication, 
too  much  importance  mu.st  not  be  placed  on 
this  item  of  the  analysis. 

As  a practical  test  of  the  effect  of  dilution 
with  river  water  in  affecting  the  oxidation  of 
sewage  matters,  on  Nov.  30th  J mixed  five 
samples  of  crude  sewage,  freed  from  suspended 
matter,  but  smelling  very  offensively,  with  a 
quantity  of  river  water  calculated  to  supply  by 
its  dissolved  oxygen  (100,000  parts  of  water 
contain  0’86  parts  of  o.xygen)  the  quantity  of 
oxygen  required  by  the  organic  matter,  as 
measured  by  the  “oxygen  consumed.”  One 
set  of  samples  was  kept  in  the  dark,  another 
was  fully  exposed  to  daylight,  both  in  contact 
with  air,  but  protected  from  dust.  The  odour 
rapidly  diminished,  and  in  three  days  all  the 
samples  were  inodorous  except  No.  5,  which 
had  a faint  smell,  disappearing  in  another 
two  days. 

After  seven  days  the  samples  were  analysed 
as  to  oxygen  consumed,  nitrates  and  nitrites:— 


Parts  per  100,000. 


Numbers. 

! 

j Volumes  of 
river  water 
added. 

Oxygen 
consumed 
of  original 
sewage. 

Oxygen 
consumed 
in  diluted 
sewage. 

Corresponding 
to  oxygen 
consumed  in 
original. 

1 

Nitrogen, 
as  nitrate. 

Nitrites. 

Per-centago 
reduction  in 
oxygen 
consumed. 

I.  Light 

j 6'2 

5'34 

o'41 

276 

•096 

trace 

48-3 

I.  Dark 

0-41 

2-51 

•120 

none 

53-0 

II.  Light 

6 8 

5-86 

0*22 

1-50 

•120 

faint  trace 

74‘5 

II.  Dark 

0 25 

1-67 

•144 

none 

7i'5 

III.  Light 

7-6 

6-59 

0 19 

:-48 

•144 

trace 

77'5 

III.  Dark 

0 19 

i'45 

•144 

very  faint  trace 

78 

IV.  Light 

lO'O 

867 

0 13 

i'34 

•198 

none 

84-5 

IV.  Dark 

o'i6 

1-56 

•168 

none 

82 

V.  Light 

6-3 

5'4i 

0 22 

i‘37 

■144 

none 

75 

V.  Dark 

0'2I 

i'34 

•144 

none 

76 

The  water  used  for  admixture  contained 
'2 16  of  N as  nitrate,  no  nitrite,  and  o*i 
oxygen  consumed.”  Denitrification  has 
evidently  occurred,  a portion  of  the  oxygen 
being  derived  from  the  nitrate,  without  pro- 
duction of  appreciable  nitrite,  but  the  main 
amount  has  been  supplied  by  the  dissolved 
oxygen  of  the  river  water,  the  organic  matter 
serving  as  food  to  the  aerobic  bacteria  which 
W'ere  acting.  The  presence  of  light  does  not 
seem  to  be  essential. 

The  nitrites  in  most  cases  are  indi- 
cative of  a further  stage  of  improvement, 
as  their  production  necessarily  implies  the 


disappearance  ol  a greater  amount  of  nitro- 
genous matter.  That  of  nitrates,  of  course, 
indicates  the  final  change,  and  their  presence 
together  with  free  nitrogen  in  deep  well  waters, 
show  that  denitrification  has  stopped  when  the 
organic  matter  was  consumed. 

Many  waters  are  inoffensive  which  contain  a 
comparatively  high  amount  of  albuminoid  am- 
monia. The  following,  on  the  other  hand,  is 
an  example  of  a putrescent  and  otherwise 
objectionable  liquid  which  did  not  show  a cor- 
responding excess  of  albuminoid.  A putrid 
meat  solution  was  diluted  with  water  in  the 
proportion  of  i to  6,000,  and  the  fluid,  which 
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smelt  strongly  like  sewage,  was  analysed  like 
an  ordinary  sewage  effluent.  It  gave  in  parts 
per  100,000,  free  NH3  *025,  albuminoid  NH3 
•083  ; oxygen  consumed,  *044  ; no  nitrite  or 
nitrate.  This  liquid  remained  putrid  and  foul- 
smelling for  more  than  a week. 

It  is  obvious,  therefore,  that  an  arbitrary 
standard  based  upon  an  albuminoid  figure  is 
valueless. 

To  show  how  far  such  conclusions  may  be 
carried,  Mr.  Naylor,  of  the  Ribble Joint  Board, 
has  sent  me  copies  of  his  offlcial  reports  to  that 
authority,  in  which  I notice  for  example  that 
on  January  7,  1897,  an  effluent  of  150,000  gals, 
with  -loi  albuminoid  ammonia  and  1-95  oxygen 
consumed  was  passed  as  good,  but  one  of 
123,000  gals,  only,  and  i’6  oxygen  consumed 
with  an  albuminoid  ammonia  of  ‘108  is  only 
considered  fair. 

The  effective  oxidation  of  the  carbonaceous 
matters  is  indicated  to  a great  extent  by  the 
amount  of  dissolved  carbon  dioxide.  Free 
oxygen  is  absolutely  necessary,  as  the  final 
changes  are  always  aerobic. 

Apart  from  arbitrary  standards  my  experience 
teaches  me  that  an  effluent  which  is  in  an 
active  state  of  self-purification,  as  judged  by 
the  above  considerations — if  it  be  clear  and 
nearly  free  from  odour,  may  safely  be  dis- 
charged into  a river  of  moderate  volume. 
Its  subsequent  improvement  will  be  very 
rapid,  and  will  be  further  determined  by 
the  action  of  algae  and  larger  plants,  in  the 
presence  of  sunlight,  and  of  the  oxygenated 
water  of  the  river.  Percy  Frankland,  in  his 
paper  at  the  Institute  of  Civil  Engineers,  1897, 
has  said  with  reference  to  the  Dee,  that  “ each 
source  of  pollution  was  found  to  have  produced 
an  unmistakeable,  though  transitory , effect 
on  the  water  of  the  stream.”  The  same  trans- 
formation has  been  repeatedly  recorded  in 
German  and  Swiss  rivers.  Under  the  above 
conditions,  therefore,  of  clearness,  fair  quality, 
and  rapid  and  healthy  change,  effected  in 
presence  of  oxygen  by  harmless  bacteria,  we 
may  be  considered  to  have  produced  a satis- 
factory effluent. 


DISCUSSION. 

The  Chairman  said  the  question  of  the  disposal 
of  sewage  was  one  of  the  most  important  at  the 
present  time,  and  involved  the  whole  question  of 
keeping  our  rivers  free  from  pollution  and  the  water  fit 
for  drinking.  It  had  been  before  the  public  ever  since 
the  introduction  of  the  water  carriage  system,  and 
though  no  doubt  some  people  still  hankered  after  a 


return  to  earth -closets,  he  was  quite  certain  that  thcj 
superior  comfort  and  convenience  of  Avater-carriecj 
sewage  would  prevent  its  abandonment.  It  had  lonj^ 
been  known  that  when  sewage  was  turned  into  r- 
river,  oxidation,  aeration,  and  the  action  of  variou^l 
plants  and  animals  in  the  water,  would  cause  a ]niri- 
fication  of  the  river  at  a certain  point  below  the  inflow 
but  it  was  only  since  Pasteur  explained  the  action  oi 
ferments  that  the  action  of  bacteria  in  removing 
organic  matter  had  been  seriously  studied.  No 
doubt  Lister  very  soon  took  advantage  of  Pas- 
teur’s theories  to  advance  the  art  of  surgeiy 
in  a remarkable  manner,  but  it  took  a long  time, 
before  the  advantages  which  could  be  derived  from 
the  action  of  these  minute  organisms  in  tlie  decom- 
position of  effete  organic  matter  in  sewage  wa? 
realised.  It  should  not  be  forgotten,  however,  that 
many  years  ago  Sir  Edward  Frankland  suggestec 
intermittent  downward  filtration,  which  had  a ver} 
valuable  effect  in  assisting  in  the  disposal  of  sewage 
His  experiments  Avere  followed  by  those  in  Massa- 
chussets  in  1886,  1887,  and  1888;  and  then  Colone 
Waring  in  America  adopting  the  results  of  those  ex- 
periments, produced  filters  which  were  somewhat  o 
the  nature  of  some  of  those  now  being  put  forward  ir‘ 
this  country.  Then  Mr.  Scott-Moncrieff  suggested  hi‘J 
filter,  and  since  that  a large  number  of  other  filterf 
had  been  devised.  The  explanations  now  giver 
showed  that  they  had  at  last  anlved  at  a real  solutior 
of  the  question  of  seAvage  disposal.  AVhere  town? 
had  a large  quantity  of  manufacturing  refuse  there 
must  be  some  difficulty  in  the  application  of  thi‘ 
system,  but  he  was  very  glad  to  hear  recentl} 
that  at  Yeovil,  the  seAvage  of  which  consisted  ver) 
largely  of  manufacturing  refuse,  these  filters  Avert 
nearly  if  not  quite  as  successful  as  they  Avere  ai 
Exeter.  He  hoped,  therefore,  the  time  had  arrivec 
when  we  should  be  freed  from  any  very  great  diffi- 
culty in  dealing  with  the  seAvage  of  tOAvns,  and  freeing 
our  rivers  from  pollution.  They  Avould  all  agree  thai 
this  paper  showed  very  clearly  the  processes  Avhicl 
took  place,  and  the  directions  in  AA'hich  progress 
should  be  looked  for. 

Mr.  Martin  (Exeter)  said  the  question  raised  by 
the  paper  seemed  to  him  more  especially  of  a chemica 
and  biological  nature,  Avith  Avhich  he  Avas  not  com- 
petent to  deal,  but  he  had  an  intimate  knoAAdedge  o 
the  Exeter  works,  and  might  state  briefly  the  results' 
which  had  been  obtained.  As  had  been  shoAvn  ir 
the  paper,  amid  very  great  variation  of  temperature, 
of  season,  and  of  dilution,  they  uniformly  produced 
an  effluent  in  Avhich  the  amount  of  aAmlable  oxyger 
was  from  two  to  four  times  the  amount  required 
to  deal  Avith  the  organic  matter.  He  had  had, 
samples  of  the  filtrate  taken  under  all  conditionsj 
kept  under  observation  for  varying  periods^ — long  and 
short — and  they  had  been  kept,  not  only  by  them,, 
but  by  people  who  were  not  specially  disposed  tC| 
view  the  works  from  a friendly  standpoint,  and  in  nq 
case  that  he  kncAV  of  had  any  filtered  effluent  de- 
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I eloped  anything  of  an  offensive  character  on  keeping, 

I Vny  changes  -which  had  taken  ])lace  had  been 
inifomily  for  the  better.  Although  they  received 
arge  quantities  of  road  detritus,  which  could  not  be 
leak  with  by  bacterial  agency,  the  tank  had  now  been 
vorking  for  about  sixteen  months,  and  it  had  not  yet 
)een  necessary  to  clean  it  out.  In  something  like 
wo  and  a-half  months  he  had  had  under  observation 
I he  behaviour  of  the  effluent  from  the  Yeovil  tank 
n a biological  filter.  He  found  it  necessary 
' 0 conduct  the  experiments  with  a filter  which 
' lad  been  brought  into  an  active  condition  with  the 
ixeter  effluent.  The  Yeovil  effluent  was  of  an 
in  excessively  foul  nature,  and  on  first  treating  the 
Exeter  filter  with  it,  he  found  an  almost  total  cessation 
)f  nitrification,  but  after  about  a fortnight  nitrification 
>egan  and  rapidly  increased  until  it  reached  a point 
ar  in  excess  of  anything  obtained  with  the  Exeter 
' ,ewage.  He  continued  the  experiment  for  two  and 
' i-half  months,  and  invariably  got  a very  high  degree 
)f  nitrification.  On  submitting  samples  of  this 
' iltered  effluent  to  analysis  it  was  found  that  both  the 
Ibuminoid  and  free  ammonia  were  wiped  out  to  an 
xtent  far  beyond  anything  attained  with  the  Exeter 
ewage.  Although  these  works  had  been  spoken  of 
s being  of  an  experimental  character,  no  change  had 
leen  made  in  them  since  the  day  they  commenced, 
'he  staple  industry  of  Yeovil  was  glove  making,  and 
n all  the  processes  of  dressing  and  dyeing  the  leather 
.ere  carried  on  there.  He  had  seen  the  stream  into 
,hich  the  refuse  passed  off  all  sorts  of  colours,  and 
ery  thick.  There  were  also  large  breweries,  and 
sveral  slaughter-houses.  He  believed  hydrochloric 
cid  and  arsenic  were  used  in  the  treatment  of  the 
rather,  but  was  not  sure. 

Mr.  W.  Naylor  thought  Dr.  Rideal  had  fallen  into 
le  same  error  with  which  he  had  charged  him,  that 
f drawing  conclusions  from  insufficient  data.  He 
ad  never  advocated  the  albuminoid  ammonia 
lethod  as  a complete  test,  nor  the  amount  of  oxygen 
bsorbed  as  in  itself  a complete  test ; he  always 
sed  the  two.  They  were  not  tabulated  for  various 
,'asons.  One  was,  they  were  asked  to  supply  the 
uthorities  with  some  sort  of  table  by  which  they  could 
idge  whether  the  effluent  was  improving  or  otherwise, 
ad  a table  was  made  out  for  their  guidance  ; but  it 
I as  a strictly  private  account.  As  Dr.  Rideal  knew, 
le  ratio  between  the  albuminoid  ammonia  and 
le  oxygen  absorbed  varied  considerably,  and 
] hen  they  were  asked  to  place  the  effluents  in 
I 'der  of  merit,  it  was  found  better  to  omit  these 
' ^ures,  as  sometimes  one  would  have  appeared  more 
vourable  and  sometimes  another,  and  the  results 
I ould  not  have  been  understood,  but  would  have 
dy  puzzled  those  to  whom  they  were  submitted, 
e had  hoped  to  hear  something  about  the  cost 
I this  system,  because  local  authorities  which  had 
i adopt  some  system  of  dealing  with  their  sewage 
( d not  care  much  what  changes  it  underwent,  what 
oduced  them^  what  per-centage  of  methane  or 


carbon  dioxide  was  given  off,  or  whether  they  were 
anaerobic  or  aerobic  organisms  which  did  the  work. 
The  ]:»utrefaction  of  sewage  was  not  a new  idea, 
although  it  was  referred  to  as  a recent  discovery. 
The  same  might  be  said  of  many  other  things.  The 
steam-engine  had  been  a long  time  at  work 
before  the  theory  of  it  was  formulated,  and  Mr. 
Bryan  Donkin  doubted  whether  it  was  even  yet 
understood  ; the  same  with  the  chemical  theory 
of  the  setting  of  cements,  and  of  many  opera- 
tions in  bleaching  and  dyeing.  He  had  made 
a pilgrimage  to  Exeter,  the  Mecca  of  sewage 
sanitarians  at  present,  and  it  struck  him  that  the 
essential  principle  of  the  sejrtic  system  was  putre- 
faction— ^the  conversion  of  the  solids  into  a liquid 
state ; and  the  question  with  him  was  whether  the 
sludge  could  be  got  rid  of  more  cheaply  in  that  way 
than  by  abstracting  it.  It  appeared  to  him  that  in 
converting  the  suspended  solids  into  sludge  and  lique- 
fying it  you  must  throw'  on  the  filters  four  or  five 
times  the  w'ork  they  w’ould  have  to  do  otherwise,  and 
that  consequently  the  area  would  have  to  be  increased 
in  like  proportion.  Thus  a local  authority  having  say 
2,500  gallons  of  sew'age  to  treat  would  have  to  increase 
the  filter  area  from  say  1,000  yards  up  to  4,000  or 
5,000;  there  would  be  4,000  yards  to  construct  and 
interest  on  the  cost  to  be  paid,  as  compared  with  the 
cost  of  abstracting  the  sludge.  The  cost  of  construct- 
ing these  filters  he  had  heard  stated  at  amounts  varying 
from  I os.  to  a yard.  They  must  be  made  so  as  to  last 
at  least  thirty  years,  and  to  be  fairly  impervious  to 
outside  influences,  so  that  he  should  imagine  £2  a 
yard  w’ould  be  a fair  price.  This  would  mean  £^,000 
capital  outlay,  and  at  3 per  cent.,  ;i^240  a year,  and  it 
was  very  questionable  whether  the  sludge  could  not 
be  extracted  a a less  cost.  Then  it  was  contended 
that  the  effluent  need  not  be  purified  to  such  an  ex- 
tent, and  the  effluents  from  Yeovil  and  Exeter,  as 
evidenced  by  the  analyses  presented  to  the  Local 
Government  Board,  except  those  of  Dr.  Dupre,  all 
contained  an  amount  of  organic  matter  -which,  until 
this  idea  of  oxidation  by  nitrates  came  up,  would 
have  been  thought  appalling.  The  question  was 
whether  this  w'as  a system  of  sew'age  purification,  or 
merely  of  preparation  for  purification } '\Vas  the 
purification  done  in  the  works  or  in  the  river  } It 
appeared  to  him  on  looking  at  the  equation  that  x 
W’as  the  purifying  agent,  but  it  should  be  spelt  Exe. 
In  large  rivers  such  purification  might  take  place,  but 
his  experience  on  the  Ribble  and  elsewhere  did  not 
altogether  point  in  that  direction.  Six  years  ago 
he  w’atched  carefully  for  two  days  the  effluent  from 
AVolverhampton,  resulting  from  tank  treatment,  and 
passing  over  300  acres  of  land.  It  contained  nitrates 
and  a considerable  quantity  of  albuminoid  ammonia, 
and  a good  deal  of  matter  which  was  left  unoxidised  ; 
it  went  into  a stream  unpolluted  by  manufacturers, 
and  that  stream  was  not  as  sweet  as  it  might  be  ; in 
fact,  an  injunction  was  obtained,  and  a sequestration 
order  made.  Another  instance  was  Burnley,  where 
the  effluent  after  passing  over  80  acres  contained 
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nitrates,  and  the  river  immediately  below  the  works 
M'as  far  from  sweet.  Most  of  the  rivers  flowing  into 
the  Ribble  were  teeming  with  manufacturers’  refuse, 
which  contained  large  quantities  of  chlorine,  and  he 
q.iestioned  whether  in  such  circumstances  nitrification 
would  occur;  and  it  must  be  remembered  that  the 
manufacturers  had  a right  to  pollute  the  streams  in  this 
way.  The  Act  only  prescribed  that  they  should  use  the 
best  known  means  to  prevent  pollution,  and  no  case 
had  yet  been  taken  into  Court,  in  which  a manufac- 
turer had  been  called  upon  to  show  that  it  was 
reasonable  or  possible  to  eliminate  any  free  chlorine, 
or  to  keep  his  sour  or  weak  acids  out  of  the  stream. 
He  did  not  take  any  prejudiced  view  of  this  question, 
aad  was  now  constructing  one  of  Col.  Ducat’s  filters 
in  such  a way  that  it  could  easily  be  converted  into  a 
septic  tank  if  it  should  be  found  desirable.  Some  two 
years  ago  he  found  the  river  below  Yeovil  a seething, 
bubbling  mass,  and  he  lighted  several  of  the  bubbles 
with  a match,  so  that  there  was  evidently  not  much  nitri- 
fication taking  place,  but  considerable  putrefaction. 
The  river  was  many  times  the  volume  of  the  sewage. 

Mr.  George  Thudichum  desired  to  endorse  Dr. 
Rideal’s  statements  with  regard  to  the  efficiency  of 
the  biological  treatment.  Whether  it  were  done  by  a 
septic  tank,  or  a Sutton  filter,  you  got  a final  filtrate 
superior  to  any  sewage  effluent  which  had  come 
under  his  notice  in  many  years.  With  regard  to 
Exeter  and  Yeovil,  Mr.  Dibdin  and  he  had 
just  completed  an  investigation  into  the  results 
obtained  at  Exeter,  and  that  very  day  they  had 
submitted  their  report  on  a similar  examination  of 
the  Yeovil  installation.  At  Exeter  the  filtrates  were 
constantly  and  consistently  much  better  than  those 
from  sewage  farms.  Their  average  was  better  than 
the  average  from  sewage  farms  ; the  best  results  were 
far  above  the  best  from  sewage  farms,  and  the  worst 
were  nothing  like  so  bad  as  the  worst  from  a sewage 
farm.  As  to  the  cost  at  Exeter,  a million  gallons  had 
to  be  treated  daily,  provision  being  made  for  the 
treatment  of  2\  million  gallons,  and  the  capital  sum 
allotted  waS;^i4,ooo  which  included  2\  acres  of  filters, 
so  that  Mr.  Naylor’s  estimate  of  £2  a yard  was  very 
much  beyond  what  Mr.  Cameron  or  Mr.  Martin 
found  necessaiy.  At  Yeovil  they  had  an  extremely 
foul  sewage  to  deal  with,  but  the  resulting  filtrate, 
when  the  filters  were  worked  on  the  same  plan  as 
that  adopted  at  Exeter,  was  good.  They  had  been 
working  with  an  insufficient  number  of  filters,  and  had 
consequently  been  using  them  for  too  long  a time,  and 
the  result  was  unsatisfactory.  They  were  now  treating 
them  similarly  to  the  Exeter  or  Barking  filter,  and 
similarly  to  the  Sutton  filter,  and  the  result  was  a good 
filtrate.  The  condition  of  the  river  below  Yeovil 
could  have  nothing  to  do  with  the  filtrate  from  the 
sej)tic  tank,  as  the  Yeovil  sewage  was  about  500,000 
gallons,  and  the  septic  tank  had  only  been  treating 
10,000  gallons  a day.  He  could  not  agree  with  Dr. 
Rideal  that  the  idea  of  purifying  sewage  by  other 
than  chemical  processes  was  quite  recent,  because  in 


1886,  in  that  room.  Dr.  Tidy  read  a paper  on  th^ 
subject,  and  Dr.  Dupre  told  the  meeting  that  in 
belief  the  ultimate  purification  of  sewage  dependedl 
solely  on  the  action  of  micro-organisms  As  had  beerl 
pointed  out  by  the  Chairman,  it  had  been  recognised  b3| 
Sir  Edward  Frankland  and  others,  and  publicly  statccj 
by  Mr.  Dibdin  in  1887.  Again,  it  was  stated  that  the] 
breaking  down  of  the  solids  without  oxygen  was  ar' 
essential  preliminary ; but  if  so,  how  came  it  that  ir* 
the  experiments  of  Dr.  Dupre  ciaide  sewage  was  put 
into  a sufficient  volume  of  fully-aerated  water  anq 
purified  without  passing  through  any  visible  ot 
perceptible  stage  of  putrefaction  ? He  knew  thalj 
on  some  of  these  points  Dr.  Rideal  and  he  werei 
not  in  accord.  Dr.  Rideal  considered  that  the 
Sutton  bacteria  bed  was  a septic  tank  acting  anaero- 
bically, although  under  aerobic  conditions ; but,  ir 
his  opinion,  that  contention  could  not  be  sustained 
The  bed  was  not  worked  continuously,  but  inter- 
mittently ; it  took  from  40  minutes  to  an  hour  tc] 
charge,  stood  2 hours,  was  then  emptied,  and  re- 
mained empty  and  full  of  air  for  a period  which  wouk| 
complete  the  cycle  in  from  8 to  10  hours.  He  coulcj 
not  consider  that  anaerobic  treatment.  Again,  it  wa^’ 
said  that  Col.  Ducat’s  filter  was  the  same  as  thd 
Sutton,  with  the  coarse  part  placed  on  the  top  0 
the  fine,  but  that  was  not  so,  because  Colonel  Duca 
worked  continously  according  to  the  Massachusetts 
method,  pouring  the  water  over  surfaces  in  the  pre 
sence  of  air.  With  regard  to  the  ratio  of  nitric 
oxygen  to  the  oxygen  absorbed  by  the  organic! 
matter  being  the  test  of  the  safety  of  the  effluent 
he  was  still  of  opinion  that  this  could  not  be 
accepted  as  a test ; anyhow,  the  nitrate  present  must 
be  derived  from  the  organic  matter  and  could  noi 
be  added  nitrate.  He  had  proved  that  in  man}' 
experiments  on  London  sewage,  where  the  additior 
of  as  much  as  20  grains  of  nitrate  per  gallon  did  not 
prevent  the  putrefaction  of  sewage.  He  looked  or' 
the  presence  of  nitrates  derived  from  the  origina 
organic  matter,  not  as  indicating  the  amount  o 
oxygen  available  for  the  rest  of  the  organic  matter 
but  as  indicating  that  the  whole  organic  matte 
present  had  undergone  such  a change  that  putre 
faction  in  ordinary  circumstances  could  not  occur 
because  the  stage  in  which  it  could  so  occur  hacj 
passed.  He  should  agree  that  if  ever  there  were 
large  excess  of  nitrates  it  was  a good  effluent,  but  hej 
did  not  agree  on  the  interpretation  to  be  placed  or* 
their  presence.  With  regard  to  the  experiment  ir 
which  Dr.  Rideal  placed  clear  but  foul  sewage  intcj 
quantities  of  water,  determined  according  to  hi:^ 
fonnula,  he  would  point  out  that  although  he  onl}l 
supplied  them  with  the  oxygen  already  dissolved  ir 
the  water,  he  had  omitted  to  notice  the  fact  that  a<l 
fast  as  the  dissolved  oxygen  was  taken  up  by  the| 
organisms  for  oxidation  of  the  organic  matter,  thall 
oxygen,  or  some  of  it,  was  re-absorbed  froir^ 
the  atmosphere.  It  had  been  shown  by  Mr., 
Dibdin  and  himself  in  the  course  of  an  exhaustive 
series  of  experiments  that  the  rate  at  which  wate^ 
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bsorbed  oxygen  from  the  air  varied  inversely  with 
!ie  degree  of  aeration.  When  the  w'ater  con- 
lined  no  oxygen  it  absorbed  it  at  an  infinite 
ate ; when  saturated,  it  absorbed  none.  As 
he  degree  of  aeration  was  diminished  by  the 
uantity  of  organic  matter  present  the  rate  at  which 
took  oxygen  from  the  air  increased  until  the 
wo  rates  balanced  each  other,  and  that  was  the 
ondition  in  the  Thames  at  present.  When  the  rate 
f absorption  was  never  below  50  per  cent,  of  the 
otal  possible  aeration,  fish  w'ould  exist  and  thrive  ; so 
mg  as  the  degree  of  aeration  exceeded  20  per  cent,  of 
aturation,  at  which  point  the  rate  of  re-absorption 
/as  enormous,  fish  could  not  live,  but  wholesale  putre- 
iction  such  as  was  seen  in  the  Thames  in  1884  and  1887 
ould  not  take  place  ; when  the  organic  matter  was  in 
uch  excess  that  it  brought  the  degree  of  aeration 
idow  20  per  cent,  of  the  possible  ; then,  although  the 
ate  of  re-absorption  was  approaching  the  infinite,  the 
iver  could  not  cope  with  it.  The  experiments  described 
y Dr.  Rideal,  to  be  of  value,  must  be  made  in  her- 
j letically  sealed  bottles.  Dr.  Dupre  had  made  such  a 
2st,  and  found  that  for  London  sewage  it  required  from 
I 0 to  35  volumes  of  fully  aerated  London  tap  wmter, 
i 'hich  was  a very  different  figure  to  the  6 or  8 derived 
om  the  formula. 

Dr.  Rideal,  in  reply,  said  he  had  not  gone  so 
luch  into  a discussion  of  filters  as  the  general  prin- 
iples  of  the  process.  It  was  strange  that  these  methods 
f filtration  had  only  recently  been  introduced,  and  he 
ointed  out  that  this  was  due  to  the  preliminary 
reaking  down  under  anaerobic  conditions  having 
een  overlooked  in  the  early  experiments.  Although 
Ir.  Thudichum  contended  that  it  was  not  an  anae- 
^bic  change  which  took  place  in  the  coarse  filter,  it 
;emed  to  him  it  must  be  so  in  the  first  instance, 
dthough  the  organic  matter  was  surrounded  with 
xygen,  and  although  the  filter  wms  aerated,  the  first 
hange  was  the  conversion  of  the  solid  into  the  liquid 
andition,  which  could  take  place  without  any  oxygen, 
herefore,  in  the  Sutton  coarse  filter,  though  aerobic, 
good  deal  of  nitric  acid  being  formed  in  the  tank, 
le  initial  change  was  anaerobic  in  spite  of  the 
erobic  conditions.  With  regard  to  Mr.  Naylor’s 
?marks,  he  might  say  that  he  did  not  come  there  to 
dvocate  the  septic  tank  or  any  other  system  ; he 
ashed  to  draw  attention  to  these  three  or  four 
ifferent  methods.  When  at  Exeter  a fortnight  ago 
e certainly  advocated  the  Exeter  system  for  Exeter, 
ut  he  had  no  interest  in  it  whatever.  The  Exeter 
, own  Council  called  him  in  and  he  advised  them  with 
?gard  to  it,  and  he  should  think  Mr.  Naylor  would 
ave  no  difficulty  in  getting  information  as  to  the 
lerits  of  the  different  systems  as  adapted  to  his 
jeculiar  circumstances.  The  question  of  cost  was 
ae  which  he  had  not  considered  at  all  in  preparing 
le  paper.  He  did  not  agree  that  the  idea  of 
easuring  the  value  of  an  effluent  by  the  amount 
nitrate  was  a new  one,  xvhich  could  be  put  before  the 
buminoid  ammonia  and  oxygen  consumed  simply 


that  it  might  fit  in  with  this  newer  system.  The  same 
thing  was  true  with  regard  to  a sewage  farm  effluent ; 
it  was  not  satisfactory,  whatever  its  albuminoid 
ammonia  was,  if  it  had  not  a quantity  of  nitrate, 
which  showed  that  the  nitrification  process  had 
been  in  active  progress  and  that  oxidisation 
was  getting  towards  completion.  It  was  not  the 
absolute  amount  of  organic  matter  present  in  an 
effluent  which  ought  to  be  considered  so  much  as 
whether  the  organic  matter  was  in  a conditi(;n  to 
cause  a nuisance.  If  it  were  run  into  a large  river, 
full  of  dissolved  oxygen,  or  with  a large  quantity  of 
nitrates,  or  if  you  introduced  bleaching  powder,  or 
permanganate,  or  some  oxidising  agent,  then,  not- 
withstanding a high  albuminoid  figure,  the  liquid  could 
not  cause  a nuisance.  You  had  potential  oxygen 
there  which  was  sufficient  to  prevent  the  effluent 
undergoing  change.  Mr.  Thudichum  said  he  would 
only  agree  with  him  so  far,  that  if  the  nitrate  were 
already  present,  he  would  pass  the  effluent  ; but 
from  his  experience  at  Barking,  he  must  have 
often  discharged  into  the  Thames  an  effluent  to 
which  permanganate  or  some  other  oxidising  agent 
had  been  added,  in  order  that  it  might  not  putrefy. 
He  believed  that  Mr.  Adeney  had  also  given  e\i- 
dence  that  the  addition  of  artificial  nitrates  to  an 
effluent  would  prevent  its  putrefying.  At  any  rate, 
if  the  addition  of  manganates  would  prevent  putre- 
faction, it  seemed  quite  possible  that  nitrates 
would  equally  prevent  it.  But  he  had  not  raised 
that  point  at  all  ; he  had  been  dealing  simply 
with  the  effluents  as  they  came  from  filter  beds  or 
sewage  farms,  and  in  those  cases  there  could  be  no 
doubt  that  nitrates  had  been  produced  by  nitrifpng 
organisms.  It  must  also  be  recollected  that  he  only 
contended  that  nitrates  would  reduce  the  organic 
matter  when  denitrifying  organisms  were  present  ; 
there  w'as  no  evidence  to  show  that  they  were  present 
in  Mr.  Thudichum’s  experiment.  The  phrase  “ quite 
recently  ” was  only  meant  to  apply  to  the  recognition 
of  the  differentiation  between  the  preliminaiy  breaking 
down,  which  did  not  involve  oxidation,  and  the  sub- 
sequent oxidation  which  was  now'  sufficiently  under- 
stood after  the  long  course  of  experiments  carried  out 
at  Barking,  in  Massachusetts,  and  elsewhere. 

The  Chairman  proposed  a vote  of  thanks  to  Dr. 
Rideal,  wdiich  was  carried  unanimously. 


Miscellaneous. 


S/LK  COTTON  INDUSTRIES  OF  ITALY, 
The  value  of  the  exports  of  silk  textiles  from  Italy, 
estimated  at  ;^i,  120,322  for  the  year  1895,  stamps  the 
silk  industry  as  one  of  the  most  important  in  the 
country,  and  as  evidence  of  its  rapid  development, 
it  may  be  mentioned  that  whereas  in  1887  the  excess 
of  imports  over  exports  of  silk  textiles  was  7,778  cwts., 
in  1894  the  situation  was  reversed,  and  there  was  an 
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excess  of  exports  over  imports  of  2,783  cwts.  The 
value  of  silk  textiles  annually  manufactured  is  said 
to  have  doubled  in  the  last  ten  years,  and  to  amount 
now  to  about  90,000,000  lire,  or  approximately 
£^,(000,000.  Mr.  E.  FitzGerald  Law,  Commercial 
Secretary  for  Italy,  says  in  his  last  report  that  the 
quantity  of  cocoons  worked  up  in  that  country  is 
indicated  by  the  following  figures  for  the  year  1894  : — 
Production,  868,766  cwts. ; importation,  27,272  cwts. ; 
exportation,  4,482  cwts.  ; leaving  a balance  of 
891,556  cwts.  for  consumption  in  the  country.  It 
is  estimated  that  12  lbs.  of  cocoons  yield  one  pound 
of  raw  silk.  According  to  the  Amtali  di  Statistica, 
in  1890,  11,618  horse-power  derived  from  steam,  and 
4,802  horse-power  from  water,  were  employed  in  the 
working  of  silk,  and  there  were  1,534,849  spindles 
and  14,949  looms  at  work.  Of  the  looms,  12,414 
were  hand  looms.  About  172,000  hands  were  em- 
ployed, of  whom  about  nine-tenths  were  women  and 
children.  The  silk  industry  in  different  forms  is  to 
be  found  in  nearly  all  parts  of  the  kingdom,  but  in 
Sicily  and  the  southern  continental  provinces  it  is 
chiefly  confined  ro  reeling  and  spinning,  while  in  the 
north,  and  particularly  in  Lombardy,  there  are  many 
large  establishments  using  the  best  machinery  for 
weaving  and  dyeing.  Como  is  one  of  the  most 
important  centres  of  the  industry,  and  there,  as  in 
most  other  places,  the  majority  of  the  woman  workers 
come  from  the  neighbouring  villages ; they  work  six 
days  of  the  week  and  go  home  on  Saturday  evenings, 
to  return  to  the  mill  on  Sunday  night.  Ten  to  eleven 
hours  per  diem  appear  to  be  the  usual  working  day. 
The  industry  is  said  to  be  a healthy  one.  At  a large 
reeling  establishment  in  Messina,  the  average  wage  of 
reelers  is  about  lod.  a day ; of  brushers,  about  5|d. ; 
and  of  children,  3d.  At  this  establishment,  and  in 
general  in  the  south,  the  working  day  is  very  long, 
extending  to  a maximum  of  12  hours  in  summer, 
though  shorter  in  winter.  Near  Milan,  in  a large 
weaving  establishment,  where  1,800  hands  are  em- 
ployed, women  weavers  earn  from  is.  3d.  to  is.  8d. 
per  diem,  working  ii  hours.  In  a dye  works  at 
Como,  employing  800  hands,  men  earn  from  2s.  6d. 
to  3s.  per  diem,  and  women,  is.  3d.,  working  ten 
hours  per  diem.  In  Florence,  women  working  piece- 
work at  hand  looms  earn,  on  an  average,  is.  to  is.  3d. 
per  day  of  io|  hours.  The  best  hands  earn  up  to 
IS.  8d.  per  diem.  In  silk  textiles,  chiefly  the  cheaper 
qualities  are  produced.  A very  large  trade  is  done 
in  umbrella  coverings,  which  are  mostly  shipped  to 
London.  England  and  the  United  States  are  the 
most  important  markets  to  which  Italian  silk  manu- 
factures are  exported.  The  cotton  industry  is  perhaps 
not  as  important  as  the  various  combined  branches  of 
the  silk  industry,  the  latter  being  specially  favoured 
by  the  large  production  of  silk  in  the  country.  There 
is  a certain  production  of  cotton  in  the  south  of  Italy, 
but  the  quantity  produced  is  comparatively  insignifi- 
cant. The  importation,  is  however,  very  large,  over 
100,000  tons  having  been  imported  in  1895,  and  a 
still  larger  quantity  in  the  previous  year.  Th?  iqanu- 


facture  of  both  yams  and  textiles  is  rapidly  increasing 
as  is  shown  by  the  figures  of  exports  during  tlie  las 
few  years.  Taking  the  period  1884-1894,  it  is  fouri| 
that  the  importation  of  cotton  yarns  in  1884 
196,718  cwts.,  and  the  exportation  3,427  cwts. ; i| 
1894  the  importation  was  20,455  cwts.,  and  tli| 
exportation  22,142  cwts.  The  importation  of  cotto| 
textiles  in  1884  was  258,867  cwts.,  and  the  exportr' 
tion  74,296  cwts.  ; in  1895  the  importation  wrj 
75,665  cwts. ; and  the  exportation  96,897  cwts.  Tli 
value  of  all  cotton  manufactures  in  1895  calci 
lated  at  about  12,000,000,  as  compared  with  aboi 
£" ,200,000  in  1884.  It  was  estimated  in  1894  thr' 
there  were  about  1,300,000  spindles  in  the  cotto) 
mills  in  Italy,  and  that  about  82,000  hands  wei 
employed,  but  there  has  been  a considerable  increas 
in  the  last  two  years.  The  spinning  and  weavin 
industries  have  long  since  attained  veiy  considerabl 
development,  and  lately  printing  and  finishing  ha^ 
specially  attracted  the  attention  of  manufacturers,  an 
printing  machinery  is  being  erected  in  both  old  and  ne^ 
mills.  Spinning  and  weaving  machinery  comes  almon 
entirely  from  England,  while  most  of  the  machiner 
for  printing  and  finishing  is  imported  from  Gennan 
and  Switzerland.  The  medium  number  in  spinning  i 
12,  and  32  appears  to  be  about  the  finest.  The  chiel 
seat  of  the  cotton  industiy  is  in  the  northern  pro| 
vices,  and  particularly  in  Lombardy,  Piedmont,  an(j 
Lizuria.  There  are  also  some  important  establish, 
ments  in  Campania,  Venice,  and  Tuscany.  In  th 
north,  most  of  the  cotton  mills  work  day  and  nighti 
with  only  one  hour’s  interval  for  rest  and  food.  Ii| 
the  north,  women’s  wages  appear  to  average  abou 
IS.  4d.  to  IS.  6d.  per  diem;  in  Tuscany,  is.  3d.;  ii 
the  neighbourhood  of  Naples,  is.  3d.,  and  at  Salerno; 
only  7d.  Men’s  wages  vary  from  is.  4d.  per  dien 
in  Salerno,  to  2s.  in  Tuscany  and  the  north.  Ii 
addition  to  money  wages,  however,  the  hands  ahnos 
always  enjoy  some  privileges,  either  in  the  form  o 
cheap  lodging  or  cheap  food,  or  both.  In  th(| 
neighbourhood  of  Naples,  however,  their  is  practicall; 
no  addition  to  the  bare  money  wage.  An  interestinj| 
calculation  has  been  made,  comparing  the  results  an<| 
costs  of  English  and  Italian  labour  in  cotton  spinning 
It  is  estimated  that  in  Italy  it  takes  58-4  hours  o 
labour,  costing  5s.,  to  produce  22olbs.  ( 100  kilo 
grammes)  of  yam  ; while  in  England  it  is  assumed  tc( 
take  29-3  hours,  costing  5s.  6d.,  to  do  the  same  work 
The  number  of  hands  employed  in  Italy  would  be  I2,| 
and  in  England  7^.  This  estimate  is  not  accepter 
by  all  Italian  cotton  masters,  one  of  the  most  intelli- 
gent of  whom,  says  Mr.  Law,  assured  him  that,, 
allowing  for  the  greater  number  of  hours  worked  pei 
diem,  an  Italian  operative  Avould  produce  as  much 
as  an  English  one.  It  has  also  been  asserted 
that  coarse  cloth  can  be  produced  as  cheaply  in  Italy, 
as  in  England,  and  the  export  figures  prove  conclu-i 
sively  that  there  are  certain  foreign  markets  in  which 
the  Italian  manufacturer  can  compete  successfully. 
Apart  from  the  question  of  labour  it  is,  however, j 
generally  admitted  that  the  Italian  spinner  is  under; 
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I considerable  disadvantage  as  compared  ■with  his 
’ English  competitor.  The  heavy  rate  of  taxation  in 
Italy,  the  cost  of  fuel,  the  comparatively  high  rate  of 
interest  on  capital,  and  the  high  price  of  imj)orted 
machinery,  all  tell  against  the  Italian  manufacturer, 
and,  in  addition  to  these  direct  drawbacks,  he  is  obliged 
' to  employ  a larger  staff,  and  to  lock  up  considerable 
sums  in  the  commercial  department  of  his  business. 

' Large  fortunes  were  made  by  the  jrioneers  of  the 
cotton  industiy  in  Lombardy,  but  competition  has 
now  reduced  profits  to  a very  moderate  scale.  On 
the  whole,  however,  Avell-conducted  establishments 
appear  to  be  generally  flourishing.  Sewing  cotton  is 
manufactured  in  Italy,  but  not  to  any  very  great 
extent,  and  the  number  of  mills  is  small.  The 
most  important  establishment  is  in  the  neighbourhood 
of  Lucca,  where  600  hands  are  employed,  and  the 
value  of  the  annual  production  is  estimated  at  about 
;^'8o,ooo. 


AGRICULTURAL  EDUCA  710 X IN  FRA XCE. 

In  France,  schools  of  agriculture  have  long  existed, 
and,  like  so  many  other  useful  movements,  can  be 
traced  back  to  Sully.  In  1761  the  “ Societe  Nationale 
d’ Agriculture  de  la  Generalite  de  Paris”  (now  the 
“ Societe  Nationale  d’ Agriculture  ”)  came  into  exist- 
ence and  agitated  for  the  appointment  of  agricultural 
professors.  Various  large  landed  proprietors  estab- 
lished small  schools  of  agriculture,  and  Louis  XIV. 
in  1786  founded  an  experimental  farm  and  sheep 
fold  at  Rambouillet  and  introduced  the  breeding  of 
Spanish  INIerinos.  AVithin  the  last  few  years,  how- 
ever, agricultural  education  has  been  systematised 
and  extended  to  all  classes  of  the  population  engaged 
in  agriculture.  The  Commercial  Attache  to  the 
Embassy  at  Paris  states  that  the  Agronomic  Institute 
in  Paris  gives  the  highest  scientific  instimction,  and 
has  a staff  of  agriculturists  capable  of  giving  a new 
and  forcible  impulse  to  agriculture.  There  are  also 
three  veterinary  schools  of  the  same  standing,  and 
three  national  agricultural  schools  in  which  the 
theory  and  practice  of  agriculture  are  taught  to  the 
sons  of  the  large  landowners  and  farmers,  as  well  as 
a school  of  horticulture,  a daily  school,  and  one  of 
agricultural  industries  (sugar  making,  distilling,  brew- 
ing, &c.),  a school  of  horse-breeding,  a school  of 
forestry,  and  three  secondary  schools  of  forestry. 
These  schools  belong  to  the  State.  Schools  of 
practical  agriculture  exist  in  various  parts  of  the 
countr}',  and  vary'  according  to  the  principal  cultiva- 
tion of  the  distnict  in  which  they  are  established. 
They  are  open  to  the  children  of  peasants,  farmers, 
and  landowners  on  their  leaving  the  primary  schools. 
They  consist  of  24  schools  of  general  agriculture,  2 
schools  of  irrigation  and  drainage,  5 of  southern 
and  Algerian  cultivation,  4 of  vine  culture,  5 of 
dairy  and  cheese  - making,  2 of  dairying  for  girls, 
and  I of  poultry  farming.  They  do  not  belong  to 
the  State,  but  are  carried  on  at  the  risk  of  the 
founders.  The  State,  however,  contributes  the  funds 


necessary  for  the  teaching,  and  they  are  visited  by 
Government  inspectors.  The  fees  payable  by  the 
pupils  vary  according  to  the  district,  being  for 
boar-ders  from  £\()  to  ^^24  per  annum,  for  half- 
boarders from  to  ;^io,  and  for  day  pujrils  about 
£2.  E'or  the  humbler  classes  there  are  ajrprentice 
schools,  comprising  16  farm  schools,  2 sheep  schools, 
I silkworm  rearing  school,  14  milk  and  cheese  schools, 
I fish  - breeding  school,  and  2 primary  agricultural 
schools.  The  instruction  in  these  schools  is  entirely 
practical.  They  belong  to  jrrivate  persons,  but  the 
State  pays  for  the  teaching,  and  allows  ;^io  i6s. 
jrer  annum  for  each  apjrrentice.  The  education  is 
gratuitous.  The  Government  inspector  visits  these 
schools.  A law  jrassed  in  June,  1879,  renders 
instruction  in  agriculture  compulsory  in  all  training 
schools  for  teachers,  so  that  they  may  be  enabled  to 
impart  a knowledge  of  the  subject  to  the  children  in 
the  primary  ‘chools  of  all  rural  communes.  The 
teaching  of  agricultur'e  became  compulsory  in  these 
schools  in  1882.  Agricultural  education  is  also  given 
by  the  90  occupants  of  departmental  “ Chairs  of 
Agriculture  ” organised  by  the  State,  who,  by  lectures 
in  the  principal  rural  communes,  make  known  the 
most  important  discoveries  and  the  surest  means  of 
increasing  agricultural  production.  They  are  assisted 
in  this  task  by  116  professors  of  agriculture,  who  give 
lectures  in  summer  on  .Sundays,  and  in  the  winter  in 
the  evenings.  Agricultural  chairs  have  also  been 
created  in  public  educational  establishments  in  rural 
districts  to  enable  the  pupils  to  follow  a course  of 
agricultural  instruction  at  the  same  time  that  their 
general  education  is  proceeding.  In  addition  to  the 
above-mentioned  educational  arrangements,  there  are 
78  establishments  for  agricultural  research.  These 
comprise  60  agronomic  stations  and  laboratories,  four 
agricultural  stations,  two  silkworm  slations,  two 
entomological  stations,  two  stations  for  vegetable 
physiology  and  one  each  for  testing  seeds,  vegetable 
pathology,  animal  physiology  and  nourishment  of 
animals,  trial  of  machines,  study  of  ferments,  and 
study  of  the  vine.  Nearly  every  department  possesses 
fields  for  expernments  and  demonstrations,  the  ex- 
penses being  borne  by  the  State  and  the  Department 
jointly.  With  the  ample  facilities  thus  afforded  to 
all  classes  of  the  rural  population  to  receive  a pro- 
fessional education,  with  the  improved  culture  of  the 
soil,  and  with  the  large  increase  in  the  use  of  fertilisers, 
it  is  not  surprising  that  agricultural  production  in 
France  has  increased  so  largely.  The  value  of  agri- 
cultural land  in  E'rance  is  stated  to  be  ^(^3, 200,000,000, 
while  the  working  capital  is  ^^340,000,000 ; the 
amount  of  wages  paid  to  farm  labourers  amounting 
to  1 60,000,000,  and  the  value  of  the  produce  to  over 
;i^540,ooo,ooo.  The  total  number  of  the  population 
living  by  agriculture  (firrmers,  labourers,  and  their 
respective  families)  is  estimated  at  18,250,000  souls, 
or  about  one  half  the  total  population  of  E' ranee.  The 
agricultural  classes  are  divided  into  two  nearly  equal 
groups,  the  masters  being  reckoned  at  3,460,600, 
whilst  of  the  labourers  there  are  3,452,904. 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[December  17,  1897. 


96 


THE  FINE  ARTS  IN  HUNGARY. 

In  the  domain  of  the  fine  arts,  Hungary  may  well 
be  proud  to  have  created  for  herself  by  hard  work 
within  the  space  of  a few  decades,  a public  artistic 
life  of  her  own,  which  is  inspired  by  the  example  of 
the  King  and  encouraged  by  the  annual  pmchases  of 
works  of  art  made  by  the  Government  for  the  national 
museum.  The  aristocracy  and  the  rich  merchants  are 
likewise  ready  patrons  of  artistic  productions.  Her 
Majesty’s  Consul-General  at  Buda-Pesth  says  that 
among  the  works  produced  during  the  past  25  years 
are  some  large  and  fine  frescoes  in  the  Cathedral  of 
Pecs,  and  in  the  Opera  House  and  the  St.  Matthias 
Church  at  Buda-Pesth.  In  oil  painting  it  suffices  to 
mention  the  names  of  Munkacsy  Benczur  for  portraits 
and  Charles  Marko  for  landscapes.  The  art  of  en- 
graving has  also  several  eminent  representatives. 
Sculpture  has  not  as  yet  attained  a very  high  standard, 
but  architecture  is  in  a flourishing  condition.  There 
is  indeed  a whole  generation  of  sculptors  in  the 
service  of  Hungarian  art,  and  the  capital  already 
possesses  a series  of  monumental  effigies  of  martyrs, 
patriots,  archdukes,  statesmen,  poets,  &c.,  and  the 
King  has  announced  that  it  is  his  intention  to 
present  ten  new  statues  of  former  Hungarian 
celebrities  to  the  city.  As  a really  modern  town, 
Buda-Pesth  causes  astonishment  and  admiration 
by  the  great  quantity  of  fine  public  buildings 
which  it  contains,  and  a numerous  band  of 
architects  find  occupation  owing  to  the  surprisingly 
rapid  development  of  the  capital.  There  is  no 
attempt  made  at  uniformity  of  style  or  design, 
but  the  results  are  successful  in  diverse  direc- 
tions, and  generally  pleasing  to  the  eye.  The  new 
Houses  of  Parliament  by  Strindl,  now  approaching 
completion,  are  particularly  worthy  of  notice. 
Industrial  art  education  is  provided  for  by  several 
institutions,  such  as  the  Public  Industrial  Art  School 
at  Buda-Pesth,  and  the  Royal  Hungarian  Art 
Industry  School,  the  Technological  Museum,  and  the 
Industrial  Art  Museum.  In  the  production  of  por- 
celain and  majolica  success  has  always  been  gained, 
and  in  every  bi'anch  of  industrial  art  there  is  a good 
prospect  of  future  prosperity. 


THE  INDUSTRIES  OF  JAPAN. 

Agriculture  is  the  chief  pursuit  of  the  people  of 
Japan,  and  in  the  greater  part  of  the  cultivated  area 
rice  and  the  principal  food  crops,  wheat,  barley,  and 
soya  beans  are  grown.  Mulberry  trees  are  planted 
everywhere.  Tea  is  mainly  cultivated  in  the  south  of 
Honshiu  and  in  Taiwan,  Formosa.  The  mineral  wealth 
of  the  empire  is  great,  but  much  improvement  is 
needed  in  mining.  The  coal  production  is  rapidly  in- 
creasing, especially  in  Kinshiu  and  Hokkaido.  The 
development  of  the  iron  industry  is  somewhat  slow, 
but  much  is  hoped  for  in  the  future.  The  production 
of  silver  has  been  steadily  rising ; copper  and  antimony 
are  also  among  the  principal  exports  of  the  country. 


The  industries  of  the  Japanese  Empire  may  be  di‘ 
tinguished  as  “original”  and  “imported.”  Th 
original  industries  Mdiich  existed  from  early  times  ar 
those  of  ceramics,  weaving,  embroideries,  lacquc 
work,  paper,  metals,  leather,  wood  aud  bainboc 
carvings,  camphor,  vegetable  wax,  salt,  sugar,  saktj 
soy,  oil,  tobacco,  indigo,  and  raw  silk.  These  in 
dustries  seem  to  have  been  first  introduced  fror' 
Corea  or  China,  but  the  lapse  of  several  hundrev 
years  has  obliterated  the  original  traces.  Their  scop  . 
of  working  is  generally  small,  and  the  tools  am 
instruments  used  are  rude  and  simple.  The  industricj 
which  have  been  introduced  into  the  country  are  thosf 
lately  brought  over  from  Europe  and  America.  Thesi 
comprise  cotton  spinning,  brickmaking,  preparatioi 
of  drugs  and  chemicals,  cement  works,  wiremakingi 
woollen  manufacture,  shipbuilding,  and  machinery 
match,  paper,  and  soap  making.  These  industrie, 
are  generally  carried  on  on  a large  scale,  employin' 
a vast  number  of  workmen  and  using  water  and  stean 
power.  According  to  the  latest  returns  the  totaj 
number  of  factories  belonging  to  companies  an( 
individuals  is  5,985,  1,098  of  these  being  provideci 
with  steam  engines,  and  221  with  both  steam  anc 
hydraulic  engines. 


General  Notes. 

♦ 

New  Zealand  Mutton.— It  is  expected  tha- 
this  last  month  of  the  year  Avill  be  chronicled  ir 
the  New  Zealand  mutton  trade  as  the  one  during! 
Avhich  a larger  number  of  carcases  arrived  in  Londor 
than  in  any  other  month  since  the  trade  started 
for  by  the  end  of  the  year  December  arrivals  wil 
probably  be  about  410,000  carcases.  Notwithstandn 
ing  the  heavy  stocks  a slightly  better  tone  is  said  tcj 
prevail  wffiich  may  reasonably  be  ascribed  to  the| 
advance  in  values  of  Australian  and  Plate  sheep. 
The  prices  for  the  best  grades  of  prime  North, 
Canterburys  are  inclined  to  be  firmer. 


MEETINGS  FOR  THE  ENSUING  JVEEH 

Monday,  Dec.  20..  Imperial  Inst.,  South  Kensington,  p.m  1 
Mr.  Boverton  Redwood,  “ The  Petroleum  Sources] 
of  the  British  Empire.”  ' 

Actuaries,  Staples-inn-hall,  Holborn,  7 pm.  1 

East  India  Association,  Westminster  Town -hall, 
S.W.,  4 p.m.  Mr.  C.  L.  Tupper,  “ Early  Institu- 
tions and  Panjab  Tribal  Law.” 

Tuesday,  Dec.  21  ...  Civil  Engineers,  25,  Great  George- 
street,  S.W.,  8 p.m.  Mr.  W.  E.  Dalby,  “ A Newj 
Transmission  Dynamometer.” 

Pathological,  20,  Hanover- square,  W.,  8J  p.m. 
Photographic,  12,  Hanover- square,  W.,  8 p.m.  Col. 
Waterhouse,  “ Photomechanical  Printing  in  con- 
nection with  the  Survey  of  India.”  | 

Thursday,  Dec.  23... Geographical  Association  (at  the  HousEj 
OF  THE  Society  of  Arts),  4J  p.m.  Dr.  H.  R. 
Mill,  “ Some  Hints  on  teaching  Geography.” 
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All  communications  for  the  Society  should  be  addi-essed  to 
the  Secretary,  fohn-street,  Adelphi,  Lendon,  IV.C. 


Notices. 


JUVENILE  LECTURES. 

The  usual  short  course  of  lectures  adapted 
for  a juvenile  audience  will  be  given  on 
Wednesday  evenings,  January  5 and  12, 
1898,  by  Professor  William  Ramsay,  Ph.D., 
F.R.S.,  on  “ Fire.” 

The  lectures  will  commence  at  7 o’clock. 
Special  tickets  are  required  for  these  lectures, 
which  can  be  obtained  on  application  to  the 
Secretary.  A sufficient  number  of  tickets  to 
fill  the  room  will  be  issued  to  members  in  the 
Drder  in  which  applications  are  received,  and 
;he  issue  will  then  be  discontinued.  Subject 
:o  these  conditions,  each  member  is  entitled  to 
i ticket  admitting  two  children  and  an  adult. 
The  cards  are  now  in  course  of  issue,  and  it  is 
lesirable  that  those  requiring  them  should 
ipply  at  once. 


LIST  OF  MEMBERS. 

The  new  edition  of  the  List  of  Members  of 
he  Society  is  now  ready,  and  can  be  obtained 
)y  Members  on  application  to  the  Secretary. 


Proceedings  of  the  Society. 

4 

CANTOR  LECTURES. 

GUTTA  PERCHA. 

By  Dr.  Eugene  F.  A.  Obach, 

F.I.C..  F.C.S.,  M.I.E.E. 

.ecture  I. — Dslivered  November  29,  1897. 

The  Raw  Material. — The  year  1847 — Early  history  and 
e Society  of  Arts — General  properties  and  distinction  from 
loutchouc — Botanical  derivation — Geofjraphical  distribu- 
)n— Expeditions  in  search  of  gutta  trees — Experimental 
Itivation — Analysis  of  particular  specimens — Analysis  of 
' r.ous  commercial  brands — Exports  from  Singapore — Im- 
Tts  into  the  United  Kingdom — Fluctuation  of  prices. 

The  Year  1847. 

I The  year  1847  will  ever  remain  a memorable 
I le  in  the  annals  of  the  gutta  percha  industry. 


It  was  in  that  year  that  the  plant  from  which 
this  valuable  economic  product  is  derived  was 
first  named  and  illustrated  by  Sir  William 
Jackson  Hooker,*  the  famous  director  of  the 
Royal  Gardens  at  Kew,  and  during  the  same 
year  that  Dr.  Ernst  Werner  von  Siemens,^ 
then  a lieutenant  of  artillery  in  the  Prussian 
army,  employed  gutta  percha  for  the  electric 
insulation  of  subterranean  telegraph  lines,  and 
designed  a machine  by  means  of  which  wire 
could  be  continuously  covered  with  this 
material.  This,  with  but  slight  modifications, 
is  still  in  use  at  the  present  day. 

The  Society  of  Arts  having  from  the  very 
first  taken  a keen  interest  in  the  welfare  of  the 
gutta  percha  industry,  it  was  considered  oppor- 
tune to  devote  the  opening  course  of  Cantor 
lectures  of  the  present  session  to  a considera- 
tion of  this  subject,  and  to  survey  the  progress 
made  during  the  fi  ty  years  of  existence  of  this 
industry. 

It  is  not,  however,  the  first  time  that  gutta 
percha  forms  the  subject  of  a Cantor  lecture. 
In  February  and  March,  1880,  Mr.  Thomas 
Bolas^  delivered  a course  of  six  lectures  on 
“ The  Indiarubber  and  Gutta  Percha  In- 
dustries” before  this  Society,  which,  I well 
remember,  were  greatly  appreciated  by  those 
who  had  the  privilege  of  hearing  them.  Mr. 
Bolas,  however,  was  only  able  to  devote  a. 
single  evening  to  gutta  percha,  and  considering 
the  far  greater  importance  and  complexity  of 
the  rubber  industry,  this  was  perfectly  justifi- 
able, but  I imagine  he  must  have  felt  a little- 
embarrassed  in  having  to  compress  the  whole 
subject  into  so  small  a compass.  For  this 
reason,  and  owing  to  the  liberality  of  our 
esteemed  Chairman  to-night,  Mr.  Alexander 
Siemens,  in  allowing  me  to  lay  before  you 
the  results  of  various  experimental  researches, 
carried  out  by  me  in  the  laboratory  of 
Messrs.  Siemens  Bros,  and  Co.  during  the 
last  twenty  years,  which  have  not  hitherto  been 
described,  I was  emboldened  to  recur  to  this 
subject  and  to  devote  three  entire  evenings, 
to  its  consideration.  In  doing  so,  I am  fully 
aware  that  the  exaggerated  expectations  which 
were  held  when  gutta  percha  was  first  brought 
to  the  notice  of  the  technical  world  were  not 
fully  realised,  yet  there  are  even  at  the  present 

'“Jlotanical  character  of  a new  plant  (Isonandra  Guttal 
yielding  the  gutta  percha  of  commerce.”  By  W.  J.  H.  The 
London  Journal  of  Botany,  1847,  vol.  6,  p.  463.* 

^ German  experiments  on  the  insulating  properties  of 
gutta  percha  covered  electric  wires.”  By  Mr.  Werner 
Siemens.  The  Mechajiics'  Magazine,  1849,  vol.  50,  p.  99.* 

^Journal  of  the  Society  of  Arts,  1880,  vol.  28,  pp.  75 
763,  773,  783,  793,  803.* 
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day  certain  important  applications  of  this 
material  for  which  it  is  well-nigh  indispenable, 
and  in  which  no  other  hitherto  known  sub- 
stance, not  even  the  closely  related  caoutchouc 
can  take  its  place.  Amongst  these,  let  me  now 
only  remind  you  of  the  most  important  one, 
viz.,  the  manufacture  of  submarine  telegraph 
cables,  without  which  the  immense  progress  of 
the  last  45  years  would  have  been  quite  im- 
possible. 

In  preparing  these  lectures,  I endeavoured  to 
do  equal  justice  to  the  various  aspects  of  the 
subject,  and  to  amalgamate  the  results  of 
scientific  research  with  those  of  practical  ex- 
perience, since  it  is  my  firm  belief  that  no 
industry  can  continue  to  prosper  without  the 
aid  of  scientific  research. 

Early  History  and  the  Society  of  Arts. 

The  early  history  of  our  subject  is  not  with- 
out its  charm  ; and,  although  I may  not 
perhaps  be  able  to  contribute  much  towards  it 
which  is  entirely  novel,  yet  I venture  to  hope 
that  the  brief  historical  account  I am  able  to 
give  you  to-night  will  be  of  some  interest,  inas- 
much as  I obtained  my  information  first-hand 
from  original  sources,^  which,  as  you  all  know, 
are  sometimes  difficult  to  procure. 

It  appears  that  the  first  specimen  of  gutta 
percha  was  brought  to  Europe  by  those  inde- 
fatigable travellers  and  curiosity-hunters,  the 
Tradescants,  father  and  son,  about  the  middle 
of  the  seventeenth  century.  In  a little  book, 
by  John  Tradescant,  the  younger,  entitled 
Musaeum  Tradescantianum,  or  a Collection 
of  Rarities  preserved  at  South  Lambeth,  neer 
London,  published  in  1656,  which  I hold  in 
my  hand,  there  occurs  (p.  44),  amongst  a list 
of  various  ‘'rarities,”  such  as  an  “Indian 
fiddle,”  “ Birds’  nests  from  China,”  “ Blood 
that  rained  in  the  Isle  of  Wight,”  &c.,  the 
following  interesting  object,  viz.,  “ The  ply  able 
Mazer  wood,  being  warmed  in  water,  will 
work  to  any  forviR  This  is  considered  to 
apply  to  gutta  percha,^  since  we  know  of  no 
other  material  suitable  for  mazers  or  goblets, 
which  possesses  the  remarkable  property  of 
softening  in  warm  water,  so  that  it  can  be 
worked  into  any  desired  shape  or  form  as  here 


The  quotations  marked  by  an  asterisk  (*)  are  taken 
■directly  from  the  source  thus  marked. 

The  first  reference  thereto  appears  to  be  that  by  Robert 
Ellis  in  the  Official  Catalogue  of  the  Great  Exhibition  of  1851, 
vol.  2,  p.  784.*  This  opinion  is  also  shared  by  Dr.  Sheridan 
Muspratt  in  his  well-known  work  on  Chemistry,  vol.  2, 
p.  349,*  and  by  Mr.  James  Collins  in  his  article  on  Gutta 
Percha  in  the  “ Encyclopedia  Britannica,”  9th  edition,  i88o, 
vol.  II,  p.  338.* 


stated.  At  first  it  may  perhaps  appear  strange] 
that  this  material  should  be  described  aj* 
“ wood,”  but,  after  all,  it  is  not  so  very  sur-i 
prising,  if  it  be  considered  that  gutta  percha| 
as  formerly  prepared  by  the  natives,  was  of  4 
light  yellowish-brown  colour,  much  resembling 
that  of  many  varieties  of  wood,  and  also  showee 
a decidedly  fibrous  texture,  so  that  even  ai 
experienced  observer  has  been  led  astray,  as 
shall  be  able  to  prove  to  you  later  on. 

On  the  death  of  the  younger  Tradescant,  ii| 
1662,  the  “Collection  of  Rarities”  came  int(| 
the  possession  of  the  famous  Elias  Ashmolei 
who  transferred  it  to  Oxford,  where  it  formec 
the  nucleus  of  the  Ashmolean  Museum,  openec 
in  1683.  I thought  it  might  perhaps  b 
possible  to  ascertain  what  finally  became  c 
the  specimen  of  mazer  wood  there,  but  I ar 
informed  by  the  assistant-keeper  of  the  Ashi 
molean  Museum  that  it  is  now  neither  at  thaj 
museum  nor  at  the  Botanic-garden  at  Oxford] 

Through  the  courtesy  of  a friend  at  th^ 
British  Museum,  I am  able  to  show  you  oi 
the  screen  to-night  the  portraits  of  the  tw^ 
Tradescants,  which  were  taken  from  engravingl 
by  their  celebrated  contemporary  and  friend] 
Wentzel  Hollar,  and  contained  in  the  little  boo 
I mentioned.  My  own  copy  has  unfortunatel 
been  deprived  of  these  valuable  engravings  bi 
one  of  the  “ Hollar”  collectors — indeed,  almo^ 
every  copy  of  this  rare  book  had  beel 
plundered  of  them  already  in  the  middle  of  th 
last  century.^ 

Although  the  “ Tradescant’s  Ark,”  as  th 
museum  was  popularly  called,  “attracted  th 
curiosity  of  the  age,  and  was  much  frequentel 
by  the  great,”  including  amongst  its  ben(| 
factors  even  King  Charles  and  the  Queen,  ye) 
it  appears  that  the  remarkable  properties  of  th 
“mazer  wood”  passed  quite  unnoticed  h 
practical  men,  and  the  specimen  was  considerej 
merely  a “ rarity,”  as  was  the  wont  of  the  ag^ 
It  was  reserved  for  our  own  century,  so  pr(f 
minent  by  its  practical  application  of  even 
available  product,  to  re-discover  the  valuab 
substance  and  to  apply  it  in  the  arts  and  mani| 
factures  under  the  name  of  gutta  perclu^ 
Curiously  enough  in  the  year  1843  the? 
appeared  two  rival  claimants  for  the  honour 
re-introducing  this  material  into  Europe,  bol 
residents  of  Singapore  and  both  belonging 

1 “Some  Account  of  the  Remains  of  John  Tradescanlj 
Garden  at  Lambeth,”  by  Mr.  W.  Watson,  F.R.S.,  Tran: 
actions  of  the  Royal  Society,  1749,  vol.  46,  p.  160  ; AbridI 
ment  1809,  vol.  9,  p.  658.*  This  paper  also  gives  sod 
biographical  notices  of  the  Tradescants.  An  oil  paintiij 
of  the  younger  Tradescant  is  now  in  the  National  Portrij 
^ Gallery.  I 
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he  medical  profession.  The  one,  evidently  of 
Spanish  descent,  Dr.  Jose  D’Almeida,  brought 
, pecimens  with  him  to  London  in  the  spring  of 
I hat  year  and  presented  them  to  the  Royal 
Asiatic  Society ; the  other  of  Scottish  descent, 
3r.  William  Montgomerie,  sent  samples  to  the 
Society  of  Arts,  through  his  brother-in-law, 
Mr.  H.  Gouger,  during  the  summer  of  that 
.'ear.  Dr.  D’Almeida’ s specimens  are  de- 
icribed^  as  consisting  of  “ a riding  whip,  made 
)f  the  concrete  milk  of  a tree  indigenous 
|n  Singapore,  called  guttapercha  by  the 
, Malays,  also  a specimen  of  the  concrete  milk 
, n the  lump,”  the  remark  being  made  that  ” it 
becomes  ductile  by  bemg placed  in  hot  water.  ’ ’ 
;Dr.  Montgomerie’s  specimens* *  consisted  of  the 
I'ollowing: — “One  bottle  of  the  juice  ; speci- 
nens  of  thin  sheets,  resembling  scraps  of 
eather;  specimens  in  a spongy  mass  as  it 
:oncretes  in  a vessel ; specimens  of  the  sub- 
I stance  formed  into  a mass  by  agglutinating  the 
I hin  sheets  by  means  of  hot  water.”  The 
;jecretary  of  the  Royal  Asiatic  Society  ac- 
knowledged the  receipt  of  the  specimens  in  a 
etter  dated  April  8th,  1843,^  and  handed  a 
oortion  of  the  raw  material  to  Dr.  J.  F.  Royle 
I or  analysis,^  D’Almeida  himself  having  pre- 
I 'iously  given  a piece  of  it  to  Mr.  W.  C.  Cranc^ 
j or  the  same  purpose.  It  appears,  however, 
j hat  neither  of  these  gentlemen  made  any 
I experiments  with  the  material,  and  no 
. mmediate  practical  result  followed  from 
iubmitting  the  specimens  to  the  Asiatic 
[society.  Luckily  such  was  not  the  case 
: vith  the  specimens  sent  to  the  Society  of  Arts, 
en  a meeting  held  on  November  30th, 
(843,  and  therefore  just  54  years  ago  to- 
jnorrow,  the  Joint  Committee  of  Chemistry, 
Colonies,  and  Trade  “took  into  consideration 
(Specimens  of  a substance  called  ‘ gutta 
|)ertha,’  from  Singapore,  sent  to  the  Society 
j)y  Dr.  Montgomerie,”  and  at  a subsequent 
hommittee  meeting,  held  on  January  23rd, 
;845,  with  Professor  E.  Solly  in  the  chair,  it 


1 Journal  of  the  Royal  Astatic  Society,  1844,  vol.  8, 
).  XV.*  List  of  donations  to  the  Museum  from  April,  1842, 
o June,  1844. 

* Extracts  from  the  Minute  Book  of  the  Society  of  Arts. 
Minutes  of  the  Joint  Committee  of  Chemistry,  Colonies, 
.nd  Trade.) 

* Vide  : Mr.  A A.  Lackcrsteen’s  letter  to  the  Editor  of  the 
lechanics'  Magazine,  dated  May  12th,  1847.  Mech.  Mag., 
847,  vol.  46,  p.  474.* 

^ Vide:  Mr. 'William  Neal’s  letter  of  September  3rd,  1858, 
•rittcn  in  the  name  of  the  Secretary  of  the  Royal  Asiat. 
)0c.,  Journ.  Soc.  Arts.  1858, vol.  7,  p.  21.* 

* Vide : D’Almeida’s  memorandum  to  the  Editor  of  the 
Journal  of  the  Indian  Archipelago  and  Eastern  Asia, 
847,  vol.  I,  p.  78.* 


was  resolved  “that  this  substance  appears  to 
be  a very  valuable  article,  and  might  be 
employed  with  great  advantage  in  many  of  the 
arts  and  manufactures  of  the  country.”^  At 
an  ordinary  weekly  meeting  on  March  19th, 
1845,  the  secretary,  Mr.  Francis  Whishaw, 
described  the  specimens,  and  showed  a piece 
of  pipe  and  a lathe  band  of  gutta  percha, 
made  by  him,  which  were  afterwards  exhibited 
at  the  Great  Exhibition  of  1851  ;*  he  also 
covered  the  bottle,  which  originally  contained 
the  “ milky  juice”  with  gutta  percha  softened 
in  hot  water,  and  produced  some  good  im- 
pressions of  medals.  It  was  at  this  meeting 
that  Mr.  Christopher  Nickols  first  became 
acquainted  with  gutta  percha,  and  was  so 
impressed  with  its  valuable  properties,  that  he 
induced  Messrs.  Wilkinson  and  Jewesbury,  a 
firm  doing  business  with  Singapore,  to  import 
a small  quantity  for  experimental  purposes.^ 
It  was  also  evidently  at  that  same  meeting 
that  Mr.  (afterwards  Sir)  William  Siemens, 
became  acquainted  with  the  new  material,  and 
obtained  the  sample  which  he  subsequently 
sent  to  his  brother  Werner  in  Berlin,  to  try 
whether  it  was  suitable  for  insulating  tele- 
graph wires,  a proposal  which  has  had  such 
far-reaching  consequences.^ 

The  Society  of  Arts  having  thus  early 
recognised  the  great  practical  importance  of 
Dr.  Montgomerie’s  discovery,  it  was  not  sur- 
prising that  on  June  2,  1845,  it  awarded  him 
its  gold  medal.®  This  act  on  the  part  of  our 
Society  has  been  severely  criticised,  and  it  was 
blamed  for  rewarding  Montgomerie  and  passing 
over  D’Almeida,®  whose  services  in  redis- 
covering gutta  percha  were  said  to  be  equally 
great ; but  not  only  did  the  last-named  gentle- 
man address  his  specimens  to  a totally  different 
society,  he  was  also  behind  his  rival  in  point  of 
time,  inasmuch  as  Dr.  Montgomerie  had 


* From  the  Minute  Book  of  the  Society. 

2 Offic.  Catal.  Great  Exhib.  1851.  Class  10,  No.  419.  Vol.  i, 
P-  455-* 

^ H.  W.  Jewesbur)’.  “A  Short  History  of  the  Introduction 
of  Gutta  Percha  into  Europe.”  London  1883,  p.  9.* 

* C.  W.  Siemens.  Journal  of  the  Society  of  Telegraph 
Engineers,  1876,  vol.  5,  p.  82."^  Dr.  Siemens  thought  it  was 
Montgomerie  who  gave  him  the  sample  at  the  Society  of 
Arts,  but  it  was  probably  ^Ir.  Henry  Gouger  or  the 
secretary,  Mr.  "Whishaw,  as  there  is  no  record  in  the  Minute 
Book  that  Dr.  Montgomerie  ever  attended  any  of  the 
meetings. 

® The  original  medal  having  been  handed  to  the  lecturer 
by  Miss  Montgomerie,  it  was  shown  to  the  audience. 

® Thos.  Oxley,  Journ.  Ind.  Archip.,  1847,  vol.  i,p.  22;* 
A.  A.  Lackersteen,  Mech.  -1/rtj,’.,  1847,  vol.  46,  p.  474;*  Don 
Jose  D’Almeida,  the  son,  Journ.  Soc.  Arts,  1838,  vol.  7,  p. 
20.* 
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already  submitted  samples  of  gutta  percha^  to 
the  Bengal  Medical  Board  previous  to  those 
forwarded  to  London.  These  specimens  were 
accompanied  by  a letter,  dated  March  i,  1843, 
which  shows  without  a doubt  that  Montgomerie 
had  already  then  personally  acquainted  himself 
with  the  principal  properties  of  the  new 
material  and  ascertained  its  suitability  for 
surgical  instruments,  and  its  superiority  over 
caoutchouc  for  that  purpose  in  tropical 
climates.  This  letter,  together  with  some  of 
the  specimens,  was  sent  to  the  Agricultural 
and  Horticultural  Society  of  India  for  publica- 
tion by  Dr.  Fred.  Mouat,^  Chemical  Examiner 
to  the  Government  at  Calcutta,  and,  as  it  forms 
the  first  published  record  referring  to  gutta 
percha,  after  the  more  or  less  apocryphal 
quotation  in  the  Tradescant  catalogue,  it  is  of 
great  historical  interest,  and  will  be  reprinted 
in  an  AJJendix  to  these  Lectures. 

The  specimens  submitted  to  our  Society  were 
likewise  accompanied  by  a memorandum  from 
Dr.  Montgomerie  in  which  he  makes  similar 
remarks^,  and  on  October  26,  1846,  he  wrote  to 
the  editor  of  the  Mechanics'  Magazine  ^ 
entering  more  fully  into  the  early  history  of  the 
subject.  He  states  that  he  first  became  ac- 
quainted with  gutta  percha  in  1822,  when  he 
acted  as  assistant  surgeon  to  the  Presidency 
in  Singapore,  but  lost  sight  of  it  until  in  1842 
he  noticed  in  the  hands  of  a Malay  woodman, 
a parang  (wood  chopper)  the  handle  of  which 
consisted  of  a substance  which  appeared  new 
to  him.  His  curiosity  was  still  further  aroused 
when  he  learnt  that  the  material  had  the 
remarkable  property  of  becoming  soft  and 
plastic  like  clay  in  boiling  water,  and  he  at 
once  possessed  himself  of  the  article  and  asked 
the  Malay  to  procure  as  much  of  this  substance 
as  he  possibly  could.  Dr.  Montgomerie’s  com- 
munication to  the  Mechanics'  Magazine 
was  followed  by  an  able  contribution  from  the 
pen  of  his  successor  in  office.  Senior  Surgeon 
Dr.  Thomas  Oxley,  to  the  first  number  of  the 
Journal  of  the  Indian  Archipelago  and 
Eastern  Asia,  which  appeared  in  July,  1847. ^ 
In  this  article  Dr.  Oxley  gives  an  interesting 

* Some  of  these  specimens  were  sent  to  the  Great  Exhibi- 
tion of  1851  by  Col.  Bonner,  of  the  East  India  House.  Offic. 
Catal.,  vol.  2,  p.  8/6.* * 

2 Dr.  Fred.  John  Mouat  was  a member  of  the  Society  of 
Arts  from  1858,  and  belonged  to  the  Committee  of  the  Indian 
Section.  He  died  in  London  in  January  of  the  present  year, 
at  the  ripe  age  of  8i.  Journ.  Soc.  Arts,  1897,  vol.  45, 
PP-  159,  734-* 

3 Minute  Book  of  the  Society,  November  30,  1843. 

^ Mech.  Mag  , 846,  vol.  45,  p.  412.* 

^ Journ.  Ind.  Archip.,  1847,  vol,  i,  p.  22.* 


general  description  of  the  gutta  percha  tree| 
its  leaves,  blossoms,  &c. — the  fruit  he  had  no| 
seen^ — and  describes  the  way  in  which  th 
gutta  percha  is  obtained  from  it.  He  also  re| 
commends  the  use  of  this  substance  for  surgical 
appliances  such  as  bandages,  splints,  syringesj 
capsules  for  vaccine  virus,  &c.  ; but  I musi 
not  go  any  further  into  details,  as  I shall  hav' 
occasion  later  on  to  recur  to  this  interesting! 
article  in  connection  with  other  subjects,  and 
will  now  say  a few  more  words  about  th' 
connection  of  the  Society  of  Arts  with  th' 
development  of  the  gutta  percha  industry. 

The  interest  taken  by  the  Society  in  thi: 
matter  by  no  means  ended  after  rewarding  thr 
gentleman  who  first  introduced  the  material  ti. 
its  notice,  and  we  find  that  in  October,  1854, 
premium  was  offered  for  the  discovery  anc| 
production  to  the  Society  of  any  new  substance! 
which  could  be  successfully  employed  as 
substitute  for  gutta  percha,-  and  in  November 
1863,  the  Society’s  medal  was  again  offeree 
“for  any  new  substance  or  compound  whiclj 
may  be  employed  as  a substitute  for  indii, 
rubber  or  gutta  percha  in  the  arts  and  manu 
factures.”^ 

On  February  24th,  1858,  the  Council  of  thq 
Society  appointed  a Committee  “ to  direct  the 
institution  of  a series  of  experiments  on  gutfij 
percha,  and  to  report  from  time  to  time  such 
observations  as  may  appear  to  elucidate  the; 
nature  and  cause  of  its  decay,  the  differen 
qualities  of  the  substance,  modes  of  detectinc| 
adulterations,  or  any  points  valuable  to  th(! 
manufacturer  or  to  those  who  use  it.”^  Thi;' 
committee  included  amongst  its  members  sucl 
well-known  scientific  men  and  technical  expert;! 
as  Prof.  Edward  Solly,  Prof.  John  Lindley 
Sir  William  Siemens,  Mr.  Latimer  Clark 
Mr.  Edward  Highton,  and  others.  After  thfj 
committee  had  met  several  times,  a circulai 
was  issued  containing  a number  of  questions 
with  a view  of  obtaining  as  much  informatior' 
as  possible  from  those  able  to  give  it  outside] 
the  Society.  Some  of  these  questions  have! 
since  been  answered  satisfactorily,  but  others] 
remain  unanswered  up  to  the  present  day."' 

•On  p.  23  l.c.  occurs  the  following  remark  : “It  is  quite  ex- 
traordinary how  difficult  it  is  to  obtain  specimens  of  eithcij 
the  flower  or  fruit  of  this  tree,  and  this  is  probably  the  reasor 
of  its  not  having  been  earlier  recognised  and  described  b} 
some  of  the  many  botanists  who  have  visited  these  parts.”  ij 
may  add  that  I have  found  it  equally  difficult  to  obtain  such! 
specimens  at  the  present  time. — [E.O.] 

2 Journ.  Soc.  Arts,  1854,  vol.  2,  suppl.  p.  iv.* 

2 Journ.  Soc.  Arts,  1863,  vol.  12,  p.  13.*  , 

* Journ.  Soc.  Arts,  1858,  vol.  6,  p.  334*. 

5 It  is  for  this  reason,  as  well  as  for  the  historical  interest 
attached  to  the  circular,  that  the  25  questions  will  be  reproduced 
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It  is  interesting-  to  learn  that  already  at  that 
early  period  sad  experiences  must  have  been 
' had  with  gutta  percha,  since  almost  half  the 
I number  of  questions  referred  to  the  decay  of 
this  substance  and  its  probable  causes. 

The  committee  was  adjourned  on  January  16, 
i860,  on  account  of  a Government  Commission 
j being  appointed  to  investigate  the  subject  of 
insulators  for  telegraph  cables.^ 

The  Society’s  Journal  contains  numerous 
articles  and  notes  referring  to  gutta  percha 
; and  its  substitutes  from  the  commencement  in 
1852  up  to  the  present  time,  some  of  them 
being  contributed  by  such  authorities  as 
; Prof.  Bleekrode,  Mr.  Murton,  Mr.  James 
1 Collins,  Mr.  John  R.  Jackson,  and  others. 

; Out  of  these  forty  references,  nearly  half 
i appertain  to  substitutes,  mostly  to  Balata,  and 
I one-fifth  to  the  botanical  origin  of  gutta  percha, 

I the  remainder  to  application,  import,  decay, 

I &c.» 

I I must,  however,  bring  this  part  of  my  subject 
1 to  a close,  although  it  is  by  no  means  exhausted, 
and  I will  now  say  a few  words  about  the 
general  properties  of  gutta  percha  in  the 
state  in  which  it  is  obtained  from  the  native 
i collectors  ; it  should,  however,  be  understood 
i that  my  present  remarks  refer  only  to  materials 
i of  the  best  description  now  obtainable  in 
! commerce,  which  are  practically  identical  with 
those  produced  on  the  first  introduction  of 
' gutta  percha  50  years  ago. 

I 

: General  Properties  and  Distinction 
FROM  Caoutchouc. 

; By  far  the  most  conspicuous  property  of 
j gutta  percha  and  the  one  which  at  once 
I distinguishes  it  from  caoutchouc,  with  which 
I it  is  so  commonly  confounded,  is  undoubtedly 
I that  already  mentioned  by  Tradescant,  and 
I again  insisted  upon  by  D’Almeida  as  well  as 
i Montgomerie,  viz,,  its  becoming  soft  and  plas- 
tic on  immersion  in  hot  water,  retaining  any 
shape  then  given  to  it  on  cooling,  whereupon 
it  becomes  hard,  but  not  brittle  like  other  gums. 

in  an  Appendix.  That  these  questions  were  carefully  con- 
sidered can  be  seen  from  the  entries  in  the  “Minutes  of 
Committee  ” Book.  In  March,  1859,  the  Committee  state 
that  several  communications  had  been  received,  in  reply  to 
their  circular,  from  Malacca,  Jamaica,  and  other  places,  and 
specimens  of  a gum  resembling  gutta  percha  had  been  sub- 
mitted by  the  Secretary  of  State  for  India  for  examination 
and  report. — Journ.  Soc.  Aris,  1859,  vol.  7,  pp.  223,*  556.* 

* Vide  the  very  valuable  Report  of  this  Committee  pub- 
lished in  1861. 

* Appendix  III.  will  contain  asummarj’of  all  the  references 
to  gutta  percha  I could  find  in  the  Society’s  Journal  for  the 
convenience  of  those  who  wish  to  consult  them. 


Caoutchouc,  on  the  other  hand,  does  not  soften 
in  hot  water,  and  retains  its  original  elasticity 
and  strength  almost  unimpaired. ‘ However,  I 
wish  you  to  understand  that  the  water,  as  such, 
exercises  no  softening  action  on  the  material, 
the  effect  being  purely  one  of  temperature, 
which  may  equally  well  be  produced  by  hot  air, 
only  somewhat  more  slowly. 

The  exact  temperature  at  which  gutta  percha 
softens  depends  upon  the  quality  of  the 
material,  but  even  the  hardest  kinds  become 
plastic  above  150°  F.  (65^°  C.) 

When  gutta  percha  is  heated  in  air  consider- 
ably above  the  boiling  point  of  water,  it  decom- 
poses and  finally  ignites,  burning  with  a 
luminous  smoky  flame  and  emitting  a charac- 
teristic pungent  odour  resembling  that  of 
burning  caoutchouc.  If  the  heating  takes 
place  in  the  absence  of  air — in  a retort  for 
instance — gaseous  and  liquid  products  are 
obtained  similar  to  those  resulting  from  the 
destructive  distillation  of  caoutchouc,^  which 
were  examined  as  long  ago  as  1835  by 
Professor  Him.ly,^  brother-in-law  of  Sir  William 
Siemens. 

The  oily  liquid  which  distils  over  consists 
chiefly  of  hydrocarbons  of  the  terpene  series, 
which  form  an  excellent  solvent  for  caoutchouc. 
The  two  most  important  components  are 
isoprene  (CsHh)  having  a specific  gravity  of 
0-682  and  a boiling  point  of  37^  C.,  and  caout- 
chine^  (CioHig)  specific  gravity  0-842  and  boiling 
point  171°  C.  The  identity  of  isoprene  and 
caoutchine  from  gutta  percha,  with  that  from 
caoutchouc,  was  proved  by  Mr.  Greville 
Williams’^  in  i860. 

Isoprene  is  a very  remarkable  compound. 
Dr.  Tilden  succeeded  in  reconverting  it  into 
caoutchouc  by  treatment  with  concentrated 
hydrochloric  acid,  and  later  on  obseiwed  that 
this  polymerisation  could  also  take  place 
spontaneously  in  the  presence  of  acetic  or 


1 Experiments  were  here  made  with  raw  Pahang  gutta 
percha  and  Para  caoutchouc  placed  in  boiling  water,  to  show 
the  difference  between  the  two,  the  former  beintr  soft  so  that 
it  could  be  pressed  into  a mould,  whereas  the  latter  retained 
its  elasticity. 

2 J.  G.  Scott.  Jour,  Agric.  and  Hoitic.  Soc.  of  Ind., 
1844,  vol.  3,  p 147.* * 

3 F.  C.  Himly.  “ De  Caoutchouk  ejusque  destillationis 
siccae  productis  ct  ex  his  de  caoutchino  novo  corpere  ex 
hydrogenio  et  carbonis  composite.”  Gottinque,  1835.* 

* J.  W.  Biirhl.  “ Untersuchungen  iiber  die  Terpene  u.  ihre 
Abkdmmlinge.’’  (Caoutchine  can  be  obtained  from  Isoprene 
by  polymerisation.)  Chctnische  Berichte,  i888,  vol.  21, 
p.  152.* 

5 C.  Greville  Williams.  “ On  Isoprene  and  Caoutchine,” 
Proc.  Roy.  Soc.,  i860,  vol.  10,  p.  516.* 
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formic  acid.^  We,  therefore,  have  a product 
here  which,  since  it  can  also  be  obtained  from 
other  sources,  may  on  some  future  occasion 
form  the  stepping-stone  in  the  synthetical 
production  of  caoutchouc  and  gutta  from  the 
lower  terpenes.  Quite  recently  two  Russian 
chemists^  cleared  up  the  constitution  of 
isoprene,  and  found  that  four  of  the  five 
carbon  atoms  are  doubly  linked  together,^  and 
that  it  is  asymetric  methyldivinyl  having  the 
formula  : CHs  = C (CH3)  - CH  = CH2. 

We  will  now  consider  the  behaviour  of  gutta 
percha  towards  acids  and  various  other  mens- 
trua. On  the  table  before  me,  I have  a number 
of  glass  jars,  containing  one-inch  cubes  of  raw 
gutta  percha  of  good  quality,  which  have  been 
immersed  in  various  liquids  few  days  ago. 
It  will  be  observed  that  the  weak  mineral  acids, 
nitric,  sulphuric,  and  hydrochloric  (i  part  acid 
and  20  parts  water)  have  had  no  action  what- 
ever, whereas  concentrated  nitric  and  sulphuric 
acids  have  strongly  attacked  the  material,  the 
former  completely  oxidising,  and  the  latter 
charring  it ; on  the  other  hand,  strong  hydroch- 
loric and  acetic  acids  and  strong  alkalies, 
such  as  liquid  ammonia,  sp.  gr.  ’880,  and  caustic 
potash,  sp.gr.  1*28,  show  no  appreciable  action. 
It  will  further  be  noticed  that  ether,  alcohol, 
acetone,  petroleum-spirit,  turpentine  and 
benzole,  have  had  a more  or  less  solvent  action 
on  the  gutta  percha,  extracting  chiefiy  resinous 
substances,  whereas  carbon  disulphide,  chloro- 
form, and  carbon  tetrachloride  have  completely 
dissolved  it,  leaving  only  the  woody  and  mineral 
impurities,  which  partly  float  and  partly  sink 
to  the  bottom  of  the  jars. 

Botanical  Derivation. 

Let  me  now  say  a few  words  on  the  botanical 
derivation  of  gutta  percha.  In  his  first  com- 
munication to  the  Bengal  Medical  Board  in 
March,  1843,  Dr.  Montgomerie  states  that  the 
specimens,  which  he  submitted  with  his  letter, 
were  the  product  of  a large  forest  tree 
indigenous  to  Singapore,  but  being  prevented 
from  proceeding  to  the  spot,  he  himself  did  not 
see  that  tree.  He  offered  a reward  for 
specimens  of  the  flower  and  fruit,  but  it 
appears,  did  not  succeed  in  obtaining  any  at  the 

1 W.  a.  Tilden.  “ Hydrocarbons  of  the  formula  (C5  Hs)n” 
Che7u.  News,  1882,  vol.  46,  p,  120,*  and  1892,  vol.  65,  p.  265. 
Vide  also  G.  Ronchardat,  Comptes  Rendus,  vol.  80,  p.  1446, 
vol.  89,  p.  1117. 

^ Wl.  Jpatiew  and  N.  Wittorf,  “ Zur  Constitution  von 
Isopren,”  Journ.  Prakt.  Client.,  1897,  vol.  55,  pp,  i and  4.* 

® Ihis  was  already  stated  by  Dr.  J.  H.  Gladstone  as  a con- 
sequence of  the  optical  behaviour.  Journ.  Chem.  Soc., 
1886,  vol.  49,  p,  60c,* 


time.  In  1844  amateur  collector,  the  Rev., 
Edward  White,  Chaplain  of  Singapore,  sent  a| 
dried  branch  of  the  tree  to  the  eminent  botanist. 
Dr.  William  Griffith,^  of  the  Madras  Medicaj 
Service,  whose  short  but  brilliant  career  was  so 
soon  after  abruptly  closed. ^ 

From  the  small  branch.  Dr.  Griffith  was, 
enabled  to  classify  the  plant  as  belonging  tr 
the  natural  family  of  Sapotece^  or  Sapotacece; 
as  it  is  now  commonly  termed,  and  he  believed 
it  to  be  related  to  chrysophyllum,  but  was| 
unable  to  decide  this  point  in  the  absence  oil 
either  flowers  or  fruit. ^ In  the  following  year, 
Mr.  White  himself  gave  a description  of  the! 
gutta  percha  plant,  and  sent  it  to  Dr.  Griffith  ;] 
however,  it  reached  Malacca  on  the  very  day 
of  his  death,  and  was  subsequently  published: 
by  Dr.  Mouat.®  Mr.  White  here  also  relatedj 
the  plant  to  the  Sapotacecu  and  Ebenacecp.\ 
His  description  of  the  foliage  and  flowers  is] 
excellent,  but  he  did  not  attempt  to  give  the 
plant  a name,  nor  did  he  venture  to  decide  to| 
which  of  the  known  genera  it  bore  the  greatesti 
affinity. 

The  gutta  percha  plant  having  thus  early' 
been  allotted  to  the  Sapotacece — a place,  I may' 
at  once  state,  it  has  retained  ever  since — l! 
should  like  to  say  a few  words  about  the| 

* Calcutta  Journal  of  Natural  History.  Botany,  1845,; 
vol.  7,  vol.  5,  p.  ii6.* 

2 William  Griffith,  F.L.S.,  was  Superintendent  of  the 
Botanical  Garden  and  Professor  at  the  Medical  College  oft 
Calcutta.  He  was  born  at  Ham  Common,  Surrey,  in  March,) 
1810,  and  died  at  Malacca,  February  9th,  1845.  (A.  photo-t 
graph,  taken  from  a Daguerrotype  in  the  Kew  Museum,) 
was  shown  on  the  screen.)  Griffith  was  an  intimate  friend; 
of  Dr.  Theodore  Edward  Cantor,  of  th$  Bengal  Medical 
Service,  whose  noble  bequest  in  1859  enables  this  Society  to) 
provide  the  annual  courses  of  lectures  bearing  his  name.  Hei 
described  his  botanical  collection  brought  from  the  East,  in 
in  vol.  21  of  the  Asiatic  Researches.  It  is  somewhat 
remarkable  that  nearly  all  the  gentlemen  connected  with  thei 
early  history  of  gutta  percha,  Drs.  Montgomerie,  Mouat,| 
Oxley,  and  Griffith,  belonged  to  the  Indian  Medical  Service,] 
as  did  also  Dr.  Cantor,  and  it  occurred  to  me  that  the  recog- 
nition by  the  Society  of  Arts  of  Dr.  Montgomerie's  services 
for  the  rediscovery  of  gutta  percha,  may  possibly  havei 
attracted  Dr.  Cantor’s  attention  to  our  Society  and  thus  have : 
been  the  cause  of  his  legacy.  The  chairman  of  the  meeting 
on  November  21st,  i860.  Sir  Thomas  Phillips,  in  announcing 
the  Cantor  bequest  to  the  members,  expressed  himself  as 
follows  : — “ Apart  from  the  substantial  advantage  to  the 
Society  of  so  considerable  a bequest  from  one  who  does  not 
appear  ever  to  have  been  a member,  it  is  very  gratifying  to 
the  Council  to  be  assured  that  even  in  distant  lands  the 
proceedings  of  the  Society  awaken  the  interest  and  enlist  the 
sympathies  of  their  countrymen.”  [Journ.  Soc.  of  Arts,  i860 
vol.  9,  p.  5.*)  [P.S. — I hear  from  Miss  Montgomerie  to- 

day (Nov.  29th)  that  Dr.  Cantor  was  her  father’s  assistant  i 
surgeon  some  time  between  1846  and  1849,  which  appears  to 
support  mj'  contention. — E.O.] 

® R.  Brown.  “ Prodr.,”  528  (i8io). 

* “ Endl.  Prodr.  Norf.,”  48  (1833). 

^ Journ.  Agric.  and  Hottic.  Soc.  India,  1844,  vol.  3,  p.  146.* 

® Journ.  Agric.  and  Hortic.  Soc.  India,  1845,  vol.  4,  p.  59.* 
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general  characteristics  of  this  particular  family 
of  plants.^ 

All  Sapotads  are  either  trees  or  shrubs,  and 
nearly  all  natives  of  the  tropics  of  India,  Africa, 
or  America  ; a few,  however,  are  found  in 
the  southern  parts  of  North  America  and  at 
the  Cape  of  Good  Hope.  Ihey  are  charac- 
terised by  the  secretion  of  milky  juices, 
apparently  a waste  product,  which  may 
possibly  serve  to  heal  any  wounds  made  in 
the  plant,  either  by  sealing  them  up  or  else 
antiseptically  protecting  them,  but  their  true 
functional  importance  is  not  yet  fully  under- 
stood. 

This  milky  juice  or  latex  is  contained  in 
single  cells  or  sacs— arranged  in  longitudinal 
rows  like  the  tannin  sacs  of  the  hop  and  the 
mucilage  sacs  of  the  Tradesca?itia, — which 
are  located  chiefly  in  the  inner  parts  of  the 
bark,  but  also  occur  in  the  pith  and  the  loose 
tissues  of  the  leaf  (in  the  7uerenchyma),  but 
not  in  the  wood. 

The  Sapotads  have  round  branches,  and 
their  leaves  are  alternate,  simple,  entire,  and 
petiolate  ; they  are  destitute  of  stipules.  The 
foliage  of  some  of  them  is  remarkable  for  its 
beauty,  the  leaves  being  of  a bright  emerald 
green  colour  on  the  upper  side  and  possessing 
a brilliant  metallic  lustre  like  gold  or  copper 
on  the  under  surface  due  to  the  presence  of  a 
silky  or  downy  pubescence.  The  inflorescence 
is  axillary,  and  the  hermaphrodite  flowers  are 
regular  and  united.  The  calyx  is  free  and 
persistent,  divided  into  four  to  eight  segments 
or  petals,  which  are  sometimes  disposed  in  a 
double  series  ; the  corolla  is  monopetalous,  and 
has  the  same  number  of  segments,  or  sepals, 
as  the  calyx,  the  fertile  stamens  arising  from 
1 the  corolla,  are  equal  in  number  and  opposite 
to  the  sepals,  the  anthers  being  usually  turned 
i outwards,  there  is  one  style  with  an  undivided 
j and  usually  lobed  stigma.  The  fruit  is  a 
fleshy  berry,  containing  several  one-seeded 
' cells  ; in  some  of  the  species  it  is  considered 
edible,  for  instance,  that  of  Ac/nas  Sapota, 
known  as  the  Sapodilla  plum,  or  Naseberry,  of 
ChryLophyllum  Cainito,  called  Star-apple, 
and  of  Luciima  mammosa,  called  Marmalade 
plum.  The  seeds  are  nut-like  and  coherent. 


frequently  containing  a concrete  oil,  which  is 
used  by  the  natives  for  cooking  purposes  in 
place  of  butter,  the  so-called  Galam  butter, 
for  instance,  being  derived  from  Bassia  buty- 
racea} 

The  SapotaceoB  are  closely  allied  to  two 
other  natural  families,  likewise  yielding  im- 
portant economic  products,  viz.,  the  Bbc.na- 
cecc,  to  which  the  tree  producing  ebony 
wood  belongs  {Diospyrosebenum)  and  the 
Styracecs,  some  of  which  yield  useful  gum- 
resins,  for  instance  gum-benzoin  [Styrax  ben- 
zoin). The  three  families  form  together  one 
natural  order,  to  which  the  name  of  Ebenalcs 
(Dyospyrinm)  has  been  gnven.  It  is,  perhaps, 
useful  to  state,  that,  botanically  speaking,  there 
is  no  direct  relationship  between  the  SapotacecB 
and  the  different  families  to  which  the  caout- 
chouc plants  belong,  although  the  latter  like- 
wise produce  milky  juices  in  abundance, 
whereas  neither  the  Ebenads  nor  the  Stor ax- 
worts,  so  closely  related  to  the  Sapotads, 
contain  any  latex  at  all. 

The  affinities  of  the  three  families  and  the 
number  of  genera  and  species  of  each, 
according  to  Durand’s  Index  Ge?ierum 
Plantarum  of  1888,  are  shown  in  the  following 
diagram  ; — 


Gamopf.tal.t5. 

Heteromer.-f. 

Ebenales. 


Sapotacece 
(Sapotads) 
40  genera 
400  species. 


Ebenaceffi 
(Ebenads) 
6 genera 
250  species. 


Styraceoe 
(Storaxworts) 
7 genera 
235  species. 


Mr.  M.  Hartog,-  from  the  anatomical  study 
of  the  development  of  the  flower,  expresses  his 
ideas  as  regards  the  relations  of  SapotaceceJ.o 
the  allied  orders  as  follows,  viz.  ; — 

0LACINE.^E.  TERNSTRCF.MIACE.E.  GUTTIFER.E. 


Ebenaceae  Styraceoe  Sapotacese 


]SIyrsine3e  ^Egiceraceae. 


Primulaceoe.  Plumbaginece. 


* I cannot  here  attempt  to  give  a complete  botanical 
description  of  the  Sapotacece,  but  must  be  content  to  enu- 
merate some  of  the  points  which  are  of  more  particular 
interest  in  connection  with  our  subject.  Those  who  wish  to 
study  this  family  of  plants  more  closely,  I would  refer  to  the 
older  botanical  works,  such  as  Burnett’s  “Outlines  of 
Botany,”  Lindley's  “ Natural  System  of  Botany,”  and  his 
“ Vegetable  Kingdom,”  rather  than  to  the  more  modern  text 
books. 


But  even  this  more  extended  relationship  does 
not  include  any  caoutchouc-yielding  plants. 


1 Specimens  of  these  fruits  were  exhibited,  also  seeds,  and 
the  concrete  oil  obtained  from  them. 

2 Journ.  of  Bot.  (new  series),  1878,  vol.  7,  p.  65.* 
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However,  I must  not  digress  any  further  into 
these  purely  botanical  regions  and  will  now 
return  to  our  own  subject. 

In  1846,  Mr.  Thomas  Lobb,  who  was  on  a 
botanical  mission  in  the  Malayan  Archipelago 
for  Mr.  Veitch  of  Exeter,  sent  several  well- 
dried  branches  of  the  gutta  percha  plant  from 
Singapore  to  Kew  Gardens.  Unfortunately, 
they  were  without  corollas,  and  SirWm.  Hooker 
was  unable  to  decide  definitely  whether  the 
plant  belonged  to  the  genus  Russia,  to  which 
it  seemed  to  have  such  close  affinity.  On 
looking  up  these  specimens  in  the  Herbarium 
at  Kew  a short  time  ago,  Mr.  Hemsley  and  I 
noticed  on  one  of  them  (No.  290)  a curious- 
looking  object,  which  at  once  reminded  me 
of  a passage  in  Sir  Wm.  Hooker’s  paper  of 
January,  1847,^  which  had  always  puzzled  me 
and  which  runs  as  follows  : — 

“Mr.  Lobb  judiciously  sent  small  sections  of  the 
wood,  which  is  peculiarly  soft,  fibrous  and  spongy,  pale- 
coloured  and  traversed  by  longitudinal  receptacles  or 
resei-voirs  filled  with  the  gum,  forming  ebony-black 
lines.” 

This  description  was  in  direct  opposition  to 
all  I had  otherwise  read  on  the  subject  or  seen 
myself,  the  wood  of  the  gutta  percha  tree  being 
neither  particularly  soft  nor  spongy  or  pale- 
coloured,  and  the  gum  would  certainly  not 
form  ebony-black  lines  in  the  wood,  even  if  it 
should  be  visible  there,  which,  however,  as  I 
have  already  pointed  out,  is  not  likely  as  it  is 
contained  in  the  inner  bark  and  the  pith,  but  not 
in  the  wood.  We  therefore  examined  the 
dubious  specimen  more  closely  and  found  it  to 
be  a piece  of  gutta  percha,  cut  either  from 
a whip  or  walking-stick  ornamented  with 
black  stripes,  such  as  the  Malays  used 
to  make  in  the  early  days,  and  a specimen 
of  which  I have  before  me.  Mr.  Hemsley 
placed  a small  fragment  in  boiling  water, 
when  it  softened  like  gutta  percha ; and 
I took  another  little  chip  with  me  and 
tested  its  solubility  with  the  same  result.'^ 
That  a man  like  Hooker  should  have  been 
misled  in  this  way  is  very  remarkable,  and  I 
only  mention  it  here  to  show  that  the  descrip- 
tion of  the  specimen  in  the  Tradescants 
Museum  as  “Mazer  wood^^  is  no  argument 
against  the  assumption  that  it  really  may  have 
consisted  of  gutta  percha.  I have  brought  a 
few  specimens  of  gutta  percha  with  me  to- 

* Lo7id.  Journ.  of  BoL,  i8}7,  vol.  6,  p.  33.* 

^ The  result  of  our  tests  was  corroborated  by  a pencil  note 
evidently  in  Mr.  Lobb’s  handwriting,  which  I detected  on  my 
next  visit  to  Kew;  it  stated  that  “ from  the  juice  of  this  tree 
the  enclosed  whip  is  made.”  This  specimen  also  had  a 
piece  of  the  light-coloured  material  affixed  to  it  like  No.  290. 


night,  which  show  each  close  resemblance  tc| 
certain  kinds  of  wood.  i 

Here  also  is  Lobb’s  original  specimen  andj 
you  can  judge  for  yourselves.  i 

The  botanical  material  supplied  'by  Lobt! 
being  insufficient.  Sir  Wm.  Hooker  wrote  tc! 
Dr.  Oxley  for  some  flowering  branches  of  tht; 
plant,  and  shortly  afterwards  received  from  hirr 
a twig  with  flowers  and  young  fruit,  contained: 
in  a tin  box  with  top  and  bottom  made  of  tht 
gum  itself.  One  of  these  covers  is  still  ir 
existence  and  is  exhibited  to-night.  We  shall 
recur  to  it  later  on. 


Fig.  I. 


Oxley’s  specimens  at  last  enabled  Sirt 
William  to  describe  the  plant  adequately,  andi 
to  give  it  a “ station  and  a name,”  as  he  him-i 
self  expresses  it.  They  also  enabled  him  tol 
have  a drawing  made  of  it  by  W.  H.  Fitch, j 
which  is  reproduced  on  the  diagram  Fig.  i in ! 
all  its  pristine  simplicity,  and  I think  beauty.  | 
Hooker  referred  the  plant  to  Dr.  Wight’s  newi 
genus  of  SaI>otace(R  and  gave  it  the  name 
oi  Isonandra  guttai^  Oxley’s  valuable  speci- 
men was  appropriately  placed  in  an  ornamental 

^ Land.  Joui-n.  Bot.,  1847,  vol.  6,  p.  463.*  In  the  index  I 
of  this  volume  the  name  is  erroneously  entered  as  honandra  | 
pe7-cha,  a name  which  has  unwarrantably  been  adopted  by 
several,  principally  French,  write's. 
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frame  made  of  g-utta  percha  for  exhibition  in 
the  museum  at  Kewd  where  it  could  be  seen 
till  May,  1885,  when  it  was  transferred  to 
the  Herbarium.  It  thus  happened  that  Prof. 
Pierre,  the  great  authority  on  gutta  percha 
plants,  on  his  visit  so  Kew  missed  seeing  the 
specimen,  judging  from  his  remarks  before  the 
Societe  Linneenne  of  Paris  on  June  3,  1885,  when 
he  said:  “ Je  n’ai  pu  voir  a Kew  les  echantillons 
pourvus  de  corolle  envoyes  par  Oxley  a W. 
Hooker  et  dont  il  est  question  dans  le  I^oiidon 
JoiLrnal  (vi.  463).”  - This  specimen  I am  also 
able  to  show  you  to-night.  I was  sorry  to 
observe  that  it  had  greatly  suffered  from  the 
long  exposure  in  the  Museum  ; the  little  flowers 
are  discoloured  and  so  much  shrivelled  up  that 
they  are  scarcely  discernible,  even  from  a short 
distance  ; but  if  you  will  kindly  look  at  the  wall 
diagram  (Fig.  i),  you  will  see  how  the  flower 
is  constructed,  and  observe  that  both  calyx  and 
corolla  are  each  divided  into  six  segments. 
However,  on  referring  to  Wight’s  description 

Fig.  2. 


Floral  Diagrams. 

Isonandra  (Wight  1840).  (Blanco  1837). 

Diohopsis  (Thuiaites  1864). 

O o 


, , , , , . Palaquium  gutta  Burck. 

Isonandra  lanceotata  Wight. 

Dichopsis  gutta  Bentham. 


of  the  genus  Isonandra  we  find  that  the 
flowers  are  stated  to  be  four-parted,  so  there  is 
a discrepancy  somewhere.  This  was  already 
noticed  by  Hooker  himself,  but  apparently  he 
did  not  consider  the  difference  sufficiently 
important  to  justify  him  in  establishing  a new 
genus  for  that  purpose,  and  he  evidently  knew 
of  no  other  existing  one  which  would  have 
answered  better.  Nevertheless,  the  name 
originally  given  to  the  gutta  percha  plant  by 
Hooker  has  now  been  abandoned  for  that  very 
reason,  and  that  of  Dichopsis  gutta  Benth.  et 
Hook,  fib,  substituted  in  its  stead  in  England, 
and  of  Palaquium  gutta  Burck,  on  the  Con- 
tinent.The  structural  difference  in  the 

* Vide  the  Official  Guide  to  the  Museums  of  Economic 
Botany,  Royal  Gardens.  Kew,  1883,  No.  i,  p.  91.  case  6S.* 

2 Bulletin  mensuel  de  la  Societe  Linneenne  de  Paris, 
1885.  No.  63,  p.  498.* 

® the  genus  Dichopsis  was  established  by  Thwaites  in  1864 
{Lnii7n.  PI.  Zeyl.,  1864,  p.  176),  and  that  of  Palaquium 
by  Blanco  in  1837  (^Flora  Filip.,  ed.  i.,  1837,  p.  403,  and 


flower  of  the  genus  Isonandra  on  the 
one  hand,  and  that  of  the  genus  Di- 
chopsis or  Palaquium  on  the  other,  is  shown 
by  the  floral  diagram  (Fig.  2),  which 
represent  ideal  sections  through  the  four- 
parted  (tetramerous)  flower  of  the  one.  A,* 
and  the  six-parted  (hexamerous)  flower  of  the 
other,  B,  and  I need  hardly  do  more  than  call 
your  attention  to  it,  but  I ought  not  to  omit  to 
mention  that  besides  the  difference  in  the  struc- 
ture of  the  flower,  there  exists  also  another  dis- 
tinction of  equal  importance,  viz.,  the  respective 
presence  or  absence  of  albuminous  matter  in  the 
seeds.  I have  gone  somewhat  fully  into  this 
matter,  because  I wish  it  to  be  clearly  under- 
stood that  Isonandra  gutta,  Dichopsis  gutta 
and  Palaquium  gutta,  are  only  different 
names  for  one  and  the  same  plant,  and  that 
this  change  of  name  does  not  in  itself  signify, 
as  some  people  seem  to  think,  that  the  kind  of 
plant  formerly  existing  is  now  extinct,  and  has 
been  replaced  by  another  species. 

But  allow  me  to  complete  the  description  of  the 
guttapercha  plant,  which  is  called  by  the  natives 
laban  merah  in  Perak  and  Niato  balam 
tembaga  (or  abang)  in  Sumatra.-  It  is  a 
lofty  tree,  with  a perfectly  straight  cylindrical 
trunk,  and  has,  when  fully  grown,  a height 
of  from  60  to  80  feet,  and  a diameter  of  2 
to  3 feet,  but  it  appears  that  in  some  localities, 
Perak  for  instance,  trees  considerably  over  150 
feet  high,  and  4 to  5 feet  diameter,  have  been 
met  with.^ 

According  to  M.  Serullas,*  the  tree  attains 
maturity  at  30  years,  and  then  measures  about 
45  feet  from  the  ground  to  the  lowermost 
branches,  the  circumference  being  3 feet  at 
about  the  height  of  a man.  It  is  somewhat 
remarkable  that  no  illustration  of  the  entire 
tree,  appears  to  have  been  published  anywhere, 
and  I have  therefore  asked  some  friends  at 
Singapore  to  have  one  photographed  for  me,  if 
possible,  in  the  jungle,  or  failing  that,  in  one 
of  the  botanical  gardens,  either  at  Singapore 
or  Buitenzorg.  This  has  been  done,  and  I 

ed.  ii.,  1845,  p,  282),  the  latter  therefore  already  existed  at  the 
time  when  Hooker  published  his  description.  It  is  for  this 
reason  that  the  Continental  botanists  adopted  the  name  ot 
Palaqiiiutn  in  preference  to  that  of  Dichopsis. 

* In  Engler  and  Prantl’s  “ Fflanzen  familier,”  Leipzig,  1891, 
part  iv.,  sec.  i,  p.  127  (fig.  h),  this  diagram  is  erroneously 
described  as  that  of  Palaquium  gutta,  Burck. 

^ James  Collins.  Journ.  Soc.  of  Atts,  1885,  vol.  33,  p.  784.* 
According  to  Burck,  these  vernacular  names  refer  to  the 
slightly  different  variety,  Palaq.  oblongi folium  (Annal.  du 
Jardin  Botanique  de  Buitenzorg,  1886,  vol.  5,  p.  74).* 

* L.  Wray,  jun.,  Journ.  Straits  Branch  of  Roy.  Asiat. 
Soc.,  i88j,  No.  12,  p.  210.*  Also  Journ.  Soc.  Arts,  i88j,  vol. 
33i  P-  177.* 

* Comptes  Rendus,  1890,  vol.  iii,  p.  423.* 
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will  now  show  you  the  photograph  of  the  Taban 
merah  growing  in  the  botanical  gardens  at 
Singapore  (Fig.  3)  on  the  screen,  reserving 
others  till  later  on.  The  picture  gives  you 
some  idea  of  the  general  habitus  of  gutta 
percha  trees,  but  I must  tell  you  that  this  par- 
ticular specimen  is  not  in  a very  vigorous 
condition,  as  it  is  too  much  exposed  to  the  sun 
and  has  perhaps,  too  little  moisture  to  draw 
upon. 

The  leaves  are  crowded  together  at  the  ends 
of  the  branches  and  are  placed  alternately  ; 
their  form  is  obovate-lanceolate,  and  they  have 
a small  projection  or  beak  at  the  apex.  Leaves 
from  old  trees  measure  about  4 to  5 inches  in 
length  and  if  to  2^  inches  in  width  at  the 
middle,  whereas  those  from  young  trees  are 
much  larger,  reaching  a length  of  9 inches  and 
abreadthof  nearly  3 inches.  I purposely  mention 
this  in  order  to  show  that  variations  in  the  size 
and  shape  of  the  leaves  are  not  alone  sufficient 
to  indicate  a difference  of  species,  as  has 
sometimes  been  supposed.  The  upper  surface 
of  the  leaves  is  bright  green  and  the  underside 
golden  brown,  when  the  trees  are  young,  and 
reddish  brown  when  old,  this  colour  being 
due  to  the  presence  of  a dense  layer  of  silky 
hairs,  which  also  cover  the  mid-rib  and  the 
petiole  ; the  latter  is  usually  about  i inch 
or  a little  more  in  length.  The  secondary 
veins  branch, out  laterally  from  the  mid-rib, 
nearly  at  right  angles,  and  are  not  very  con- 
spicuous, being  sunk  in  the  substance  of  the 
leaf.  They  number  20  or  30  on  each  side, 
which  is  of  some  importance  to  know,  as  we 
shall  see  in  the  next  lecture.  The  flowers,  of 
which  there  are  four,  grouped  together  in  the 
axil  of  the  leaves,  are  white,  the  calyx  being  of 
a golden  brown  colour  ; there  are  12  stamens  in 
single  series,  inserted  into  the  throat  of  the 
corolla  with  sagittate  anthers,  turned  outwards. 
The  ovary  is  superior  and  six-celled,  terminat- 
ing in  a single  style,  which  is  much  longer 
than  the  stamens.  The  fruit  is  a fleshy  egg- 
shaped  berry  about  inches  long  and  i inch 
in  diameter.  [Vide  Fig.  i,  p.  104,  and  Fig.  4, 
p.  109.) 

I have  here  some  exceptionally  fine  speci- 
mens of  leaves,  and  a twig  from  the  tree  in  the 
botanical  gardens  at  Singapore,  of  which  you 
have  just  seen  the  photograph.  I have  also  some 
branches  with  flowers  and  young  as  well  as 
ripe  fruits,  preserved  in  alcohol  and  formalde- 
hyde. Specimens  of  the  flower  and  fruit  were, 
as  you  have  heard,  already  scarce  50  years 
ago,  when  gutta  percha  trees  were  plentiful ; 
but  are  still  more  so  now,  when  the  trees  are  less 


frequently  met  with.  I have,  therefore,  every 
reason  to  thank  Prof.  Serullas  and  my  Singa- 
pore friends  for  the  beautiful  specimens  which 
I am  able  to  show  you  this  evening. 

I have  hitherto  spoken  of  the  gutta  percha 
tree  as  if  there  was  only  one  kind  supplying 
this  valuable  commodity,  and  I have  done  so 
purposely  so  as  not  to  confuse  matters,  but  it 
is  now  necessary  to  be  a little  more  precise  and 
to  tell  you  that  although  the  gutta  percha 
supplied  during  the  flrst  few  years  may  actually 
have  been  derived  from  the  one  tree  only,  which 
I described,  yet  the  commercial  sorts  of  the 
present  day  are  known  to  be  the  products  of 
quite  a number  of  different  trees  of  very  unequal 
value. 

I could  not  possibly  attempt  to  describe  all 
these  to  you  to-night,  even  if  they  were  perfectly 
well-known,  which,  however,  is  far  from  being 
the  case  ; but  I must  mention  at  least  two 
more,  which  are  of  particular  interest,  the  first 
beingtheZ^zk/zq^wv  oblongtjolia  qx  Palaqiiium 
oblongifoliuin,  Burck,  the  Taban  sutra  of 
Perak, ^ and  the  second,  the  Payena  seerti, 
Benth.  et  Hook.  Jleratolhorus  Leerii,  Hass- 
karl),  or  Siindek  of  Perak,  Niato  balam 
barhigin  (or  soendi)  of  Sumatra. 

The  former  is  very  closely  allied  to  the 
Taban  merah  JPalaq.  gutta,  Fig.  4),  which  has 
been  described,  and,  in  fact,  its  discoverer,, 
the  Dutch  botanist,  De  Vriese,^  considered  it 
merely  a variety  of  Hooker’s  Isonandra  gutta  ; 
however,  it  is  now  understood  to  be  an  inde- 
pendent species. 

It  is  a tree  of  smaller  size,  with  leaves  of 
a more  decidedly  yellowish  shade  of  brown  on 
their  under  surface.  The  flowers  have  a red- 
dish tinge,  and  the  general  appearance  of  the 
bark  is  said  to  be  quite  different.^ 

The  Payena  on  the  other  hand,  although 
likewise  belonging  to  the  Salotacece , differs 
much  more  from  the  Isonandra.  The 
small  leaves  are  differently  shaped,  and 
have  a reddish  tint  when  young  ; the 
flowers  are  white,  and  the  fruit,  which  is 
fleshy  and  provided  with  a kind  of  horn,  has 
a sweet  taste,  and  is  eaten  by  the  natives.  A 
branch  with  flowers  and  fruit  of  each  of  these 
varieties  are  illustrated  on  the  diagrams  (Figs.  5 
and  6),  and  some  small  coloured  pictures, 
besides  dried  specimens  of  them,  are  exhibited 
on  the  table.  The  gums  from  the  two  species 
of  Palaquium  are  known  under  the  name  of 


1 L.  Wray.  l.c.  p.  212.^ 

2 W.  H.  De  Vriese. 
Leyden,  1856,  p.  33.* * 

* L.  Wray.  l.c.  p.  212.’' 
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Fig.  3. 


Gutta  Percha  Tree  at  Singapore. 
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getah  taban  7nerah  and  getah  iaban  sufra 
amongst  the  Malays,  and  that  from  the  Payena 

Fig.  4. 


Z-S  getah  sundek,  or  sooni,  or  soondie,  the  latter 
being  the  correct  Anglo-Malayan  expression. 

Fig.  5. 


The  Malay  word  getah  which  has  been 
rendered  into  gutta  simply  means  the  vis- 
cous exudation  of  a plant,  and  getah  taban 
the  secretion  of  that  particular  kind  of  tree 
called  Taban.  As  it  is  from  this  tree  and  not 
from  the  pertja  that  the  gum  now  called 
“ gutta  percha  ” is  derived,  it  is  to  be  regretted 
that  the  wrong  name  was  given  to  it  on  its  first 

Fig.  6. 


introduction  into  Europe,  but  in  several  of 
the  pioneer  patents  the  correct  name,  getah 
taban  or  tiiban  was  used.  The  English  pro- 
nunciation of  the  words  gutta  Jercha  is 
the  nearest  to  that  of  the  original  Malayan 
expressions  getah  Jet'tja,  whereas  in  France 
and  Germany  they  are  less  correctly  pro- 
nounced. 

Geographical  Distribution. 

I now  pass  on  to  the  geographical  distribu- 
tion of  the  gutta  percha  plants.  At  the  time 
when  Montgomerie  obtained  his  first  specimens, 
gutta  percha  trees  were  plentiful  in  the  ancient 
forests  on  the  island  of  Singapore,  extending 
pretty  close  to  the  town,  and  the  dried  speci- 
mens sent  to  Kew  by  Dr.  Oxley  came  from 
the  jungle  of  Bukit  Timah  only  about 
seven  miles  from  it.  Amongst  the  specimens 
kindly  presented  to  me  by  Prof.  Serullas  and 
which  I have  shown  you,  there  are  several 
collected  by  him  at  this  locality  in  1887  and 
1893,  viz.,  the  large  fruiting  branch  and  these 
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precious  little  flowers,  as  well  as  some 
herbarium  specimens  in  this  frame.  One  of 
these  and  the  little  piece  of  coagulated  latex 
which  I hold  inmyhandhaveeven  been  collected 
from  a descendant  of  the  very  same  tree  from 
which  the  historical  branch  was  taken  by 
Oxley,  and  which  had  been  pointed  out  to 
Serullas  by  Don  Jose  D’Almeida  the  younger, 
who  had  accompanied  Oxley  to  Bukit  Timah 
in  1847. 

I hear  from  a gentleman  at  Singapore,  who 
recently  visited  Bukit  Timah  (Sept.  19,  1897) 
in  order  to  take  photographs  of  the  gutta- 
trees  there  for  this  lecture,  that  he  saw  nine 
wild  Isonandras  (which  are  doing  well,  al- 
though left  pretty  much  to  themselves),  and 
that  there  may  be  a few  more  hidden  in  the 
jungle.  Mr.  Ridley,  the  director  of  the  botanical 
gardens  at  Singapore,  was  good  enough  to 
accompany  him,  and  consequently  there  can  be 
no  doubt  about  the  identity  of  the  trees.  Mr. 
Ridley,  however,  is  of  opinion  that  they  have 
grown  from  seeds  and  not  from  shoots  as 
M.  Serullas  thinks.  Some  years  ago,  when 
the  former  gentleman  was  in  England,  he  told 
me  that  he  knew  of  the  existence  of  the  Isonan- 
dra  trees  at  Bukit  Timah,  and  in  fact,  had  kept 
them  under  observation  long  before  Serullas 
discovered  them,  as  he  thought,  in  1887.^ 

1 shall  now  show  you  the  photograph  - of 
these  trees  on  the  screen,  but  I am  sorry  to 
say  it  is  not  a very  successful  one,  on  account 
of  insufficient  light  in  the  jungle. 

Before  1857  large  gutta  trees  on  Singa- 
pore had  been  cut  down  by  the  Malays,  and  at 
the  present  time  there  are  only  a few  more  on 
the  island  besides  those  on  Bukit  Timah, ^ which 
have  since  grown  up,  viz.,  one  in  Pasir 
Panjang,  one  in  the  botanical  gardens,  and  a 
few  in  a plantation  in  the  north.  The  tree  in 
the  botanical  garden  was  originally  described 
as  Isonandra  taban  7nerah,  but  it  is  now 
labelled  DichoAsis  ohlongifolia,  Borneo,  Ma- 
laysia.^ It  stands  in  the  middle  of  a lawn  in 
front  of  the  director’s  house. 

As  soon  as  the  valuable  properties  of  gutta 
percha  had  been  recognised  in  Europe  and  a 

■ * Vide  also,  James  Collins,  Journ.  Soc.  Arts,  1885,  vol.  33, 
p.  784.*  Mr.  Collins  here  says  that  he  has  been  fortunate 
enough  to  procure  a fruiting  branch  and  a little  gutta  from 
the  same  tree  from  which  the  specimens  had  been  sent  to  Sir 
Wm.  J.  Hooker. 

2 Not  reproduced  in  the  Journal. 

^ Vide  Mr.  Chas.  Wilsone’s  letter  to  Sir  Wm.  Hooker  in 
Hooker's  Joutn.  Bot.,  1857,  vol.  9,  p.  252.*  According 
to  Oxley  (l.c.  p.  23)  the  largest  trees  had  already  disappeared 
from  the  island  in  1847. 

* Mr.  Ridley  thinks  it  belongs  to  the  same  species  as  the 
trees  on  the  Bukit  Timah. 


demand  had  been  created  for  the  article,  the 
countries  all  around  Singapore  were  searched 
with  great  avidity  for  Taban  trees,  and  almost 
a craze  for  getah-collecting  sprang  up  amongst 
the  indigenous  population.  The  consequence 
was  that  an  immense  number  of  trees  of  great 
size  and  age,  probably  hundreds  of  thousands,  i 
were  ruthlessly  destroyed  during  the  first  four ; 
or  five  years,  and  whole  forests  denuded  of, 
them,  like  those  on  Singapore.  The  explora- 
tion was  conducted  with  such  assiduity  that 
before  the  year  1848  came  to  a close,  the  much 
coveted  Taban  tree  had  already  been  discovered 
in  Pahang,  Johor,  Malacca,  Selangor,  Perak,  ^ 
and  Penang  on  the  Malay  Peninsula,  besides; 
the  islands  of  Rhio,  Gallang,  and  Singga  in 
the  Johor  Archipelago.  It  had  also  been  met  ‘ 
with  in  Siak,  Kampar,  Indragiri,  Tongkal, , 
Jambi,  and  Palembang,  on  Sumatra,  and  in ; 
Coti,  Passir,  Pontianak,  Sarawak,  and  Brunei ' 
on  Borneo.^  Since  that  time  the  tree  has  been  ( 
found  in  the  northern  and  north-eastern  parts  j 
of  Borneo,  on  the  west  coast  of  Sumatra,  and  j 
in  some  other  districts  on  the  east  and  west  j 
coasts  of  the  Malay  Peninsula.  : 

The  region  from  which  all  genuine  gutta  j 
percha  is  derived  at  the  present  day  is  indi-  i 
cated  by  a rectangular  outline  on  the  map  which  ! 
has  been  specially  prepared  for  these  lectures! 
(Fig.  7).  You  will  observe  that  this  boundary! 
extends  six  degrees  on  either  side  of  the  equator, ; 
and  from  99°  to  119°  eastern  longitude  ; it  there-  j 
fore  embraces  12  degrees  of  latitude  and  20 1 
degrees  of  longitude,  corresponding  to  an  areal 
of  1,140,000  square  miles,  but  of  this  only  about. 
40  per  cent,  is  occupied  by  land,  and  of  that 
again  only  a very  small  portion  is  locally  suit- 
able for  the  growth  of  the  gutta  percha  tree. 

Nowhere  else  on  the  globe,  outside  this  area 
of  the  Malay  Archipelago,  have  any  genuine 
gutta  percha  trees  been  found,  and  this  is  the 
more  remarkable  as  the  SaJotacecE  to  which 
they  belong  are  distributed  all  over  the  tropics, 
and  are  also  of  great  antiquity,  having  even 
representatives  amongst  the  fossil  plants.  It 
might,  perhaps,  be  asked  whether  gutta  trees 
have  not  been  found  in  the  islands  adjacent 
to  those  confined  by  the  boundary  line  on  the 
map ; for  instance,  in  the  large  group  to  the 
north  of  Borneo,  the  Phillipines,  or  the  islands 
Celebes  and  Java,  to  mention  only  the  more 
important  ones.  The  answer  is,  that  hitherto 
no  genuine  gutta  percha  trees  have  been 
discovered  there.  Getah  trees,  in  the  Malayan 


1 The  spelling  here  adopted  is  that  used  in  the  Times 
A tlas. 
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sense  of  the  word,  exist,  no  doubt,  but  none 
of  the  right  description.^ 

This  may  possibly  strike  you  as  very  remark- 
able unless  some  satisfactory  explanation  can 
be  brought  forward,  and  I will  endeavour  to 
give  you  one.  If  you  will  glance  on  the  map 
you  will  observe  that  the  ocean  is  shown  in 
two  different  tints,  according  to  the  depth  of 
the  water.  The  lighter  tint,  between  the 
Asiatic  continent  and  the  islands  of  Sumatra, 
Java,  Borneo,  and  part  of  the  Phillipines, 
indicates  a shallow  sea,  mostly  less  than  50 
fathoms  in  depth  ; whereas  the  darker  one, 
outside  this  region  and  surrounding  Celebes 
and  the  Lesser  Sunda  Islands,  signifies  that 
there  the  water  is  very  deep,  in  fact,  mostly 


Dver  1,000  fathoms.  From  this  it  follows  that 
1 huge  submerged  bank  exists,  which  con- 
nects the  aforesaid  islands  with  the  Asiatic 
:ontinent,  whereas  the  Lesser  Sunda  Islands 
ind  Celebes  are  completely  separated  there- 
From  by  a great  depth  of  w^ater.  Now  this, 
nesides  other  evidence  deduced  from  the 
geological  and  zoological  study  of  these 

' Mr.  R,  A.  Rolfe,  of  Kew,  has  kindly  sent  me  a list  of  all 
he  Sapotaceae  hitherto  found  in  the  Phillipine  Islands,  but 
t does  not  include  any  gutta  percha-yielding  plants  {vide 
dso  his  paper  on  the  flora  of  these  islands  { Journ.  Linnean 
toc.  Botany,  1884,  vol.  21,  p.  283.*  Mr.  van  Eeden,  the 
lirector  of  the  Colonial  Museum  at  Haarlem,  also  sent  me  a 
ist  of  the  sapotaceous  plants  found  in  Java  and  Celebes,  but 
hese  likewise  do  not  include  genuine  gutta  producers.  Some 
pecimens  of  Getah  from  Celebes,  which  he  obligingly 
ent  me,  have  been  analysed,  but  they  cannot  be  considered 
% gutta  percha,  although  they  have  been  described  as  such. 
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islands,  shows  that  Sumatra,  Java,  Borneo, 
and  the  Phillipines  have  been  separated  from 
the  Asiatic  continent  in  comparatively  recent 
times  only,  whereas  Celebes  and  the  others 
are  what  Wallace  calls  ''ancient  continental 
islands.” 

The  dotted  black  lines  indicate  the  probable 
configuration  of  the  two  ancient  continents,  of 
which  each  group  of  islands  originally  formed 
a component,  and  you  observe  how  close  they 
were  to  each  other  at  the  points  where  now  the 
two  small  islands  of  Bali  and  Lombok  are 
situated.  The  consequence  is,  that  the  animal 
and  vegetable  life  of  these  two  islands,  although 
being  only  about  15  miles  apart,  differs  much 
more,  than  for  instance,  that  of  Japan  and 


Britain,  which  are  separated  from  one  another 
by  an  entire  continent. 

The  undulating  dotted  line  represents,  ac- 
cording to  Wallace,  the  line  of  separation 
between  the  Indo-Malayan  and  the  Austro- 
Malayan  region.  This  line  passing  between 
Borneo  and  Celebes  refers  the  latter  and  the 
Lesser  Sunda  Islands  to  an  entirely  different 
biological  region,  sharing  none  of  the  peculiari- 
ties with  the  Indo-Malayan  fauna  and  flora. 

Having  thus  satisfied  ourselves  that  Celebes 
and  the  Lesser  Sunda  Islands  did  not,  like 
the  others,  in  comparatively  recent  times, 
belong  to  the  Asiatic  continent,  it  remains  to 
be  explained  why  Java  and  the  Phillipines 
should  be  devoid  of  gutta  percha  trees,  al- 
though admittedly  then  forming  part  of  it,  like 


Fig.  7. 
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Borneo  and  Sumatra.  The  explanation  is  this. 
After  the  typical  Malayan  fauna  and  flora 
had  been  in  existence  on  the  Asiatic  continent 
for  some  time  and  probably  during  the  late 
miocene  period  {i.e.,  about  the  time  when 
the  so-called  '‘Red  Crag”  was  deposited  in 
Suffolk)  first  the  Phillipine  Islands  and  then 
Java  were  detached  from  it,  while  Borneo, 
Sumatra,  and  the  Malay  Peninsula  remained 
still  connected. 

At  this  time,  the  genera  of  Sapotads  indi- 
genous to  that  region  were  not  sufficiently 
differentiated  to  produce  those  particular 
species,  which  supply  a latex  yielding  gutta 
percha.  When  at  a later  period  the  subsi- 
dence proceeded  further,  so  as  to  cut  off  any 
direct  communication  with  the  mainland,  the 
gutta  percha  trees  remained  imprisoned  on 
the  islands,  where  they  now  exist.  It  is  quite 
probable  that  in  addition  to  the  gradual  sub- 
mersion of  the  intervening  portions  of  the  con- 
tinent, volcanic  action  may  also  have  assisted 
in  the  further  disintegration  of  the  land,  a 
belt  of  volcanic  mountains  existing  all  along 
Sumatra  and  Java,  as  shown  on  the  map,  and 
we  know  from  the  recent  eruption  of  Krakatoa 
in  the  Straits  of  Sunda  what  havoc  such  a 
catastrophe  can  play. 

Besides  the  general  climatic  conditions,  such 
as  the  variations  of  temperature,  degree  of 
moisture,  prevailing  wind,  &c.,  the  local  con- 
ditions, e.g.,  the  composition  of  the  soil, 
elevation  above  sea-level,  distance  from  the 
coast,  &c.,  also  play  an  important  part  in 
the  development  of  special  features  of  the 
fauna  and  flora  in  a particular  locality,  and 
account  for  the  fact  that  the  gutta  percha 
trees  are  very  irregularly  distributed  over 
the  different  islands,  and  may  even  be  entirely 
absent  from  some  parts  of  them. 

About  six  years  ago  the  directors  of  the 
German  New  Guinea  Company  asked  me 
whether  I thought  it  likely  that  gutta  percha 
trees  would  be  found  in  Kaiser-Wilhelmsland, 
which  they  considered  probable,  the  northern 
portion  of  their  territory  having  the  same 
latitude  as  the  southern  part  of  Borneo  and 
Sumatra  (see  map),  but  for  the  reasons  which  I 
have  just  tried  to  explain  to  you,  I ventured  to 
predict  that  genuine  gutta  trees  would  prob- 
ably not  be  found  there.  However,  in  order  to 
test  the  matter,  the  directors  instructed  their 
botanists  to  keep  a sharp  look-out  for  such 
trees  during  their  exploring  expeditions,  and  I 
furnished  them  with  all  necessary  particulars 
to  facilitate  their  recognition.  Since  then  I 
have  received,  from  time  to  time,  specimens  of 
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various  kinds  of  gums  which  have  been  col4 
lected  there,  but  as  yet  not  one  of  them  bore 
any  resemblance  to  true  gutta  percha,  although 
several— for  instance,  Getah  Susii,  Marau  anc 
Natu,  were  derived  from  sapotaceo2is  plantej 
and  some  even  from  the  same  genera,  viz.| 
Palaquium  and  Payena.  It  was,  therefore 
somewhat  premature  to  describe  these  trees 
guttapercha  trees  in  the  “Bulletin”  of  tht| 
Royal  Botanical  Gardens  of  Berlin.^ 

The  various  gums  from  New  Guinea  whicl; 
have  hitherto  been  submitted  to  me  are  on  th(| 
table.  Only  one  of  them  contains  a small  per 
centage  of  caoutchouc  - like  substance  o 
Jseudo- gutta. 

Expeditions  in  Search  of  Gutta  Trees| 
Let  me  now  say  a few  words  about  the  variou: 
expeditions  in  search  of  gutta  trees.  You  hav(| 
heard  how  eagerly  the  search  for  Taban  tree:l 
had  been  pursued  by  the  natives,  already  at  th<| 
very  beginning,  and  how  successful  they  wen| 
in  discovering  them  almost  ever^Avhere  in  thij 
Malayan  Archipelago.  In  Europe  natural!;; 
only  little  attention  was  paid  to  the  matter' 
until  rumours  spread  about,  that  in  consequenc(| 
of  the  ruthless  destruction  of  the  trees  b; 
the  Malays  it  might  possibly  occur  that  thi) 
further  supply  of  gutta  percha  would  suddenly 
cease,  if  measures  were  not  taken  to  remedy 
this  state  of  things,  either  by  regulating  th<| 
collection  of  the  gutta  by  law,  or  if  that  wa  i 
not  possible,  by  cultivating  the  gutta  perch.'j 
trees  in  the  same  way  as  is  done  with  th') 
cacao  tree,  coffee  shrub,  and  others.  Witll 
this  purpose  in  view  the  French  Minister  o) 
Posts  and  Telegraphs,  M.  Cochery,  in  i88l 
instructed  M.  Seligmann-Lui  to  proceed  firsl 
to  Malaysia  to  study  the  gutta  percha  trees  an(| 
then  to  French  Cochin-China  to  search  foj 
them  there,  and  if  not  found  indigenous,  t; 
investigate  if  they  could  not  be  cultivated  it 
that  locality.  M.  Seligmann  accordingly  wenf' 
to  Singapore,  and  from  there  started  on  a:i 
exploring  expedition,  first  to  Penang,  thet: 
across  the  Straits  of  Malacca  to  Deli  on  th' 
east  coast  of  Sumatra.  From  Deli  he  followe<j 
the  coast  to  Assahan,  here  penetrating  int! 
the  interior  by  the  River  Ajer  Siloh,  as  far  aij 
the  village  Pasir-Manogeh,  where  he  found! 
various  kinds  of  gutta  trees,  including  th 
Mayang Derrian  or  true  Taban.  Returning  t 


* PalaquiumSusu,Engler  ; Payena Bawun  Scheffer;  Payen 
Mentzelii,  K.  Schumann;  Sideroxylon  Kaernbachianun 
Engler.  “ Ueber  sinige  Guttapercha-  Paume  von  Kaiser 
Wilhelmsland.”  von  A.  Engler.  Notizbiaft  des  Botai 
Gartens  zu  BetL'n,  1895,  No.  3,  p.  101.*  I 
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r!  Assahan,  he  again  followed  the  coast  to  Siak, 
y went  up  the  river  of  that  name  as  far  as  Pakan 
: Baru,  where  he  came  across  the  Balam  sundek, 

I which  he  had  already  found  lower  down  the 
: river ; but  the  Taban  tree  he  was  in  search  of 
; was  still  six  days’  journey  higher  up  the 
mountains.  He  returned  to  Siak  and  thence 
i to  Singapore.  From  the  latter  place  he  set 
i out  for  Saigon,  to  which  place  he  had  pre- 
viously despatched  some  young  gutta  plants,^ 
proceeding  further  north  through  Gambodia 
: and  part  of  Siam. 

Although  Seligmann  does  not  appear  to  have 
1 been  very  successful  in  his  mission,  and  had  to 
k inform  the  minister  that  gutta  percha  trees 
- could  neither  be  found  in  Cochin-China  nor 
rl  Gambodia,  and  moreover  could  probably  not 
be  cultivated  there,  yet  he  was  able  to  collect 
a good  deal  of  information  fromi  the  various 
people  with  whom  he  came  in  contact  during 
‘ his  journey  in  Malaysia,  and  this  he  embodied 
in  a valuable  report.* * 

The  second  expedition  was  an  English  one, 

’ arising,  it  appears,  from  an  enquiry  addressed 

• to  the  Government  of  the  Straits  Settlements 

• for  information  respecting  the  propagation  of 
I gutta  trees,  by  the  French  Consul  at  Singa- 
pore. The  British  Resident  at  Perak  there- 
upon instructed  the  curator  of  the  Museum 
at  Thaipeng,  Mr.  Leonard  Wray,  jun.,  to 
explore  the  countiy  and  report  to  him  on  the 

( various  trees  from  which  the  gutta  percha  of 
I commerce  is  obtained.  Mr.  Wray,  who  started 
I on  his  expedition  early  in  1883,  was  able  to 
I collect  a great  many  specimens  of  plants 
; producing  gutta  percha  and  caoutchouc,  and 
I these  he  sent  to  the  botanical  gardens  at 
i Calcutta,  Ceylon,  and  Kew  for  examination 
I and  identification  ; he  also  presented  a set 
■ of  them  to  the  Society  of  Telegraph  Engineers 

• in  London.^  By  the  kindness  of  the  Kew 
I authorities  and  of  the  council  of  the  Institution 
I of  Electrical  Engineers,  I am  able  to  show 
I you  to-night  a complete  series  of  the  specimens 
»j  collected  by  Mr.  Wray  in  Perak.  You  see 

here  the  bunches  of  leaves  and  fruit,  the  wood 
and  bark,  and  last,  but  not  least,  the  coagu- 
ij  lated  latex  or  getah  itself,  from  seven  different 
(trees.  I shall  have  something  more  to  say 
' about  the  getahs  later  on,  but  with  regard  to 

j 

i * It  appears  that  all  the  plants  sent  to  Saigon  by  M.  Selig- 
’ mann-Lui  were,  somehow  or  the  other,  mislaid  on  their 
■ arrival  in  French  Indo-China.  (E.  Serullas  “ Lum.  electr.,” 
1890,  vol*  38,  p.  407.*) 

I * Annales  ielegraphiques,  18^3,  vol.  10,  pp.  481,*  573.* 

* Journ.  Soc.  Telegr.  Engin.,  1886,  vol.  15,  p.  305,*  and 
1888,  vol.  17,  p.  568.* 
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the  other  specimens,  I can  only  invite  you  to 
inspect  this  unique  collection  after  the  lecture, 
and  to  identify  the  localities  whence  they  are 
derived  by  means  of  the  special  map  on  the 
wall,  showing  the  State  of  Perak  on  a large 
scale. ^ 

Unfortunately  time  does  not  allow  me  to  give 
you  any  details  about  Mr.  Wray’s  expedition,, 
but  I must  not  omit  to  state  that  this  gentleman 
sent  a most  interesting  report^  on  it  to  Sir  Hugh 
Low  in  September,  1883,  in  which  he  gives  a 
great  deal  of  information  about  gutta  trees, 
the  quantity  of  gutta  percha  obtained  from 
them  by  the  Malays,  and  other  useful  data.  He 
also  comments  upon  the  wasteful  manner  in 
which  the  gum  is  collected  by  the  natives,  and 
suggests  that  the  bark — which  in  the  dried 
state  contains  over  11  per  cent  of  gutta  percha, 
and  is  now  thrown  away — should  also  be 
utilised  for  the  extraction  of  the  gum. 

In  the  wake  of  the  English  explorer  followed 
a Dutch  botanist.  Dr.  W.  Burck,  the  assistant 
director  of  the  botanical  gardens  at  Buitenzorg 
on  the  island  of  Java,  who  towards  the 
end  of  1883,  received  instructions  from  his 
Government  to  proceed  to  Sumatra  and  study 
the  gutta  percha  producing  trees  on  the  up- 
lands of  Padang  (Padangsche  Bovenlanden) 
along  the  west  coast.  Dr.  Burck  discerned  14 
different  species,  yielding  gutta  percha,  of 
which,  however,  I will  only  mention  two,  viz., 
the  Niato  balam  tembaga  or  Duriaii  of 
Ampaloo  (Halaban)  which  yields  an  excellent 
kind  of  gutta  percha,  and  the  Niato  balam 
baririgin  or  sundai,  which  produces  the  getah 
soondie,  a second-class  material.  The  former 
is  identical  with  Palaquun  oblongifolium  and 
the  latter  with  £ ayena  Leeri'\  which  have  both 
been  described  to  you  to-night.  Dr.  Burck’s 
report  to  the  Government  is  dated  January  ic,. 
1884,  it  has  been  translated  into  French  and 
published  at  Saigon  in  the  journal  “Cochin- 
chine  Fran9aise  ” in  1885.'^  It  is  a very  ex- 
haustive and  valuable  document,  containing  a 
vast  amount  of  original  information.  Some 
years  afterwards  it  was  followed  by  another 
very  learned  publication  on  the  Sapotacem  of 
the  Dutch  Indies  and  the  botanical  origin 


1 Not  reproduced  in  the  Journal. 

2 Journ.  Straits  Branch  Roy.  Asiat.  Soc.,  1883,  No.  12, 
p.  207.  • 

^ The  Taban  merah  and  Taban  sutra,  yielding  genuine 
getah  pertja  and  the  tree  yielding  getah  soondie,  besides- 
other  varieties  of  Dichopsis  (Palaquium)  and  Payena. 

* Cochinchine  Francaise.  “ hx.  7trsions  et  Reconnais- 
sances,'' Saigon,  1S85,  vol.  9,  pp.  153-207.*  According  to- 
M.  Serullas  this  translation  is  not  quite  trustworthy. 
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of  gutta  percha/  which  has  since  become  a 
standard  work  on  the  subject.  The  diagrams 
exhibited  here  to-night  are  copies  of  the  beauti- 
ful illustrations  accompanying  the  work.  On 
returning  from  his  expedition  Dr.  Burck 
brought  a number  of  young  gutta  trees  with 
him,  which  were  planted  in  the  botanical 
gardens  at  Buitenzorg  and  subsequently  trans- 
ferred to  the  Cultuur  Tuin  at  Tjikeumeuh 
close  by.  He  also  sent  dried  specimens  of  the 
plants  to  the  various  European  Herbaria,  and 
one  of  them  is  exhibited  here  to-nightfrom  Kew. 

Dr.  Burck  only  heard  of  M.  Seligmann-Lui’s 
expedition  after  his  own  return,  but  they  com- 
pared notes,  and  on  the  whole  agreed  in  their 
conclusions.  He  was  also  at  the  time  ignorant 
of  Mr.  Wray’s  explorations  in  Perak. 

Each  of  the  three  expeditions  I have  hitherto 
mentioned  extended  only  over  the  compara- 
tively short  period  of  a few  m.onths,  but  that 
of  M.  Serellas,  which  now  followed,  occupied 
almost  five  years,  viz.,  from  1884  to  1889. 

The  plants  collected  in  i88i  by  M.  Seligmiann 
in  Sumatra  having  failed  to  reach  Saigon,  the 
director  of  the  botanical  gardens  there  applied 
to  the  authorities  at  Buitenzorg  for  young  plants 
of  the  Niato  balam  tembaga,  discovered  by 
Burck  at  Ampaloo,  but  instead  of  the  particular 
plants  asked  for,  “others  of  the  better  variety 
known  2iS  Hooker' s Isonandra  were  supplied.” 
This  was  in  1884,  and  M.  Serullas,  who  was 
then  at  Saigon,  advised  the  Government  not 
to  accept  the  plants,  nor  others  received  from 
Singapore,  as  they  were  not  of  the  right  kind. 
In  consequence  thereof,  the  French  Colonial 
Secretary,  in  concert  with  the  Post  and 
Telegraph  Department,  commissioned  M. 
Serullas  to  proceed  to  the  Malay  Peninsula  and 
himself  to  collect  the  plants  which  he  considered 
suitable.  At  that  time  Sumatra  was  reported 
by  the  Dutch  Government  to  be  unsafe  on 
account  of  the  internecine  wars  between  the 
various  Batak  tribes. 

During  the  long  preliminary  exploration  in 
the  Malay  Peninsula,  M.  Serullas  found  a great 
many  adult  trees  of  the  'laban  merah  and  Taban 
suira  in  the  forests  of  the  savage  Sakais,  on 
independent  territory,  but,  being  exhausted  by 
fever,  he  had  to  return  to  France  almost  in  a 
dying  condition.  Having  barely  recovered,  he 
returned  to  the  Peninsula,  and  from  there, 
under  great  difficulties,  brought  all  the  plants 
he  required  to  Singapore.  It  was  here,  after 
having  informed  the  Government  at  Cochin- 


• “ Sur  les  Sapotac^es  des  Indes  neerlandaises  et  les 
origines  botaniques  de  la  gutta  percha,”  par  W.  Burck. 
Annales  duJard.Bjtan.de  Buitenzorg,  1886,  vol.  5,pp.  1-85.* 


China  of  his  success  in  obtaining  suitable 
plants,  and  whilst  he  was  awaiting  their  reply, 
that  in  A.pril,  1887,  he  found  in  the  jungles  of 
Bukit  Timah  the  authentical  specimens  of 
Hooker’s  Isotiandra  gutta  in  blossom,  a dis- 
covery which  he  at  once  communicated  to 
Saigon.  The  consequence  of  this  was  that  the 
Governor  now  rejected  all  the  plants  previously 
collected  by  M.  Serullas  on  the  Malay  Penin- 
sula,^ and  only  consented  to  accept  specimens 
of  the  original  Isonandra  gutta  of  the  forests 
of  Singapore.  This  decision,  however,  was 
subsequently  withdrawn  on  the  intercession  of 
M.  Lannessan,  Professor  of  Botany  at  the 
Faculte  de  Medicine  of  Paris,  who,  at  the  time, 
happened  to  be  in  Malaysia,  and  the  plants 
were,  after  all,  forwarded  to  Saigon.  There 
they  were  transplanted  at  the  beginning  of  the 
dry  season,  in  spite  of  the  earnest  entreaties  of 
M.  Serullas,  and  as  they  were  also  neglected, 
they  all  soon  perished. 

In  December^  1887,  M.  Serullas  again  went 
to  the  Malay  Peninsula,  but  instead  of  young 
trees  he  now  took  the  stools  of  old  ones  with  the 
shoots  attached  and  transported  them  to  Singa- 
pore. Here  he  carefully  nursed  them,  and 
within  three  months  had  the  satisfaction  of 
seeing  at  least  20  shoots  of  vigorous  growth  on 
each  stool.  Serullas  received  further  instruc- 
tions to  collect  seeds  of  Isonandra  gutta  in 

the  forests  of  Singapore,  but  he  was  refused  the 
assistant  for  whom  he  asked,  by  the  Minister, 
and  whilst  completing  the  collection  he  had  a 
severe  attack  of  dysentery.  Again  returning 
to  France  to  recruit  his  health  he  had  the  dis- 
appointment of  learning  there  that  his  mission 
had  been  suppressed,  and  that  all  the  little 
plants  which  he  had  reared  at  Singapore  with 
such  infinite  care  and  trouble  had  been 
abandoned  by  the  French  Government  which, 
since  then,  had  entirely  ceased  to  interest  itself 
in  the  matter. ^ Thus  ended  the  fourth  and,  up 
to  the  present,  last  Government  expedition  in 
search  of  gutta  percha  trees, ^ and  we  have  now 
to  see  what  attempts  have  been  made  to  culti- 
vate them. 

\Io  be  continued.) 


^ A collection  of  dried  plants  collected  on  the  Peninsula  by  ' 
M.  Serullas,  and  presented  by  him  to  the  lecturer,  were  1 
exhibited. 

2 Vide  M.  Serullas’- interesting  articles  in  Za  Lum.  electr.  \ 
1890,  vol.  38,  pp.  35 s*  406,*  462,*  524,*  570,*  612.*  Also  I 
his  paper  in  the  Conipt.  Rend.,  1890,  vol.  iii,  p.  423.*  1 

2 Mr.  H.  N.  Ridley,  of  Singapore,  made  some  collecting  I 
trips  during  1890  to  1893  in  Pahang,  Kelantan,  and  Tring- 
ganu,  and  found  the  Palaquium  gutta  in  several  places  in 
the  Tahan  woods ; he  says  it  is  plentiful  there,  and  a con- 
siderable quantity  of  gutta  percha  is  still  collected  ly  ihe  I 
Sakais  and  sold  to  the  Malays.  Trans.  Linnean  Soc.,  Second  \ 
Series,  Botany,  1893,  vol.  8,  pp.  271,*  and  3>7.*J 
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iriLD  SILK  REELING  IN  CHINA. 

The  Cheefoo  Filanda,  as  the  establishment  for 
reeling  wild  silk  by  machinery  is  known,  is  an  inter- 
esting enterprise  for  several  reasons,  one  being  that  it 
is  the  only  filature  in  China  in  , which  w'ild  silk  is 
reeled  by  steam.  Her  Majesty’s  Acting  Consul  at 
Cheefoo  states  that  this  establishment,  conducted  by 
a ver\’  enterprising  Cantonese  with  Chinese  capital, 
is,  as  a commercial  undertaking,  rather  in  the  tentative 
stage,  one  difficulty  being  to  maintain  a full  and 
regular  supply  of  cocoons,  and  another  to  keep  up 
the  full  strength  of  the  hands  employed.  The  cocoons 
are  procured,  not  only  from  the  Province  of  Cheefoo 
itself,  but  from  the  South  Manchurian  regions,  known 
as  Liaotung,  of  which  the  little-knowm  towm  and  junk 
anchorage  of  Ta  Tung  Kow'  is  the  chief  port  and 
outlet.  The  Filanda,  when  w'orking  full  pow’er,  can  run 
580  reels,  each  employing  one  coolie,  but  the  average 
number  in  work  is  about  540,  and  this  number  includes 
some  120  apprentices,  mostly  boys.  The  hours  are 
about  12  to  13  a day,  and  it  is  stated  that  though 
the  factory  rooms  are  large,  airy,  and  lighted  from 
the  north,  the  coolies  are  not  very  healthy  nor  clean, 
and  they  suffer  greatly  from  strain  on  the  eyes.  The 
system  of  payment  is  to  give  each  man  daily,  food 
worth  60  cash  (say  ifd.)  plus  19  cash  (about  ^d.)  per 
ounce  of  silk  reeled.  The  pay  also  varies  somewffiat 
according  as  the  thread  is  wound  from  4 cocoons  (the 
best),  from  8,  or  from  16.  Broadly  speaking,  how- 
ever, the  most  a skilful  and  hard-w^orking  hand  can 
turn  out  in  a day  is  6 ounces,  which  with  his  food  and 
small  gratuities  means  that  he  can  earn  from  180  to 
200  cash  a day  (5jd.  to  5fd.)  This  is  a little  more 
than  the  rate  for  local  carrying  coolies  (120  cash, 
say  3jd.),  or  for  unskilled  labour  in  general,  w’hich 
is  150  cash,  or  4|d.  The  Filanda  can  produce  some 
40  piculs  or  5,300  lbs.  a month  of  reeled  silk. 
Nothing  is  wasted.  The  so-called  w’aste  silk,  or 
coarser  outer  coating  of  the  cocoons,  being  used  for 
making  plush,  and  the  black  and  unpleasant-looking 
pupa  finding  a ready  sale  as  an  article  of  food,  though, 
as  the  Consul  says,  in  wdiat  form  and  by  whom  eaten 
is  somewhat  of  a mystery.  The  machine-reeled  thread 
is  very  different  in  appearance,  even  to  an  outsider’s 
eyes,  from  the  thread  when  reeled  in  the  customary 
way  by  hand,  which  looks  coarse,  dirty,  and  irregular 
by  comparison. 


Correspondence. 

• ♦ 

THE  PURIFICATION  OF  SEWAGE  BY 
BACTERIA. 

Greatly  to  my  regret,  a very  severe  cold  prevented 
my  being  present  when  Dr.  Rideal  read  his  interest- 
ing paper  on  the  above  subject  before  the  Society  of 
Arts,  on  AVednesday  evening  last.  AVith  much  in 
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the  paper  I agree,  but  there  are  also  a number  of 
(|uestionable  statements.  AVith  these  latter  I do  not 
wish  to  deal,  especially  as  some  of  them  have  been 
already  dealt  with  by  Afr.  Xaylor  and  Mr.  Thudichum. 
There  is,  however,  one  paragraph  in  Dr.  Rideal’s 
paj)cr  which  I cannot  j)ass  over  in  silence  : it  is  the 
second  ])aragraj)h  on  j)age  84,  in  which  it  is  stated 
that  “until  quite  recently  it  was  believed  that  the 
j)urification  of  sewage  was  simply  a process  of  oxida- 
tion, and  that  air  or  oxidising  chemicals  were  the 
chief  factors  required.”  Now  I have,  since  the  years 
1884  and  1885,  by  speech  and  writing,  endeavoured 
to  convince  chemists  and  engineers  that  the  essential 
agents  concerned  in  the  destruction  of  sewage  were 
living  organisms.  I have  proved — as  long  ago  as 
1885— -that  sterile  sewage  abstracts  no  oxygen  from 
thoroughly  aerated  sterile  water.  My  statements 
w'ere,  at  first,  met  with  ridicule,  but,  like  all  truths, 
they  have  gradually  made  their  way,  and  are  now,  I 
believe,  universally  accepted  as  facts.  I do  not  wish 
to  trouble  your  readers  with  many  extracts  from 
papers  or  speeches  of  mine,  but  as  I look  upon  the 
biological  treatment  as  the  greatest  advance  made  in 
the  disposal  of  sewage  during  the  century,  I wish  to 
place  my  connection  with  the  starting  of  the  method 
on  a clear  footing.  Three  short  extracts  from  an 
address  of  mine  to  Section  III.  of  the  .Sanitary 
Congress  held  at  Bolton  in  1887,  will,  I think,  be 
sufficient.^' 

“ Shortly  stated  it  is  as  follow's.  If  a pure, 
thoroughly  aerated  water  be  kept  out  of  contact  with 
air  for  say  ten  days,  it  will  be  found  to  have  remained 
fully  aerated.  The  same  will  be  found  to  be  the  case 
even  wdth  an  impure  water,  provided  the  water 
contained  no  living  organisms.  .Sewage  polluted 
water  when  sterilised  by  heating  remains  fully 
aerated.  If,  however,  the  water  contains  living 
organisms,  the  state  of  aeration  will  alter,  and  in  the 
majority  of  cases  will  diminish.” 

“In  the  first  place,  I am  decidedly  of  opinion  that 
whatever  scheme  may  be  adopted  (except  destruction 
of  the  sewage  material  by  fire),  the  agents  to  which 
the  ultimate  destruction  of  sewage  is  due,  are  bring 
organisms  (not  necessarily  micro  - organisms),  either 
vegetable  or  animal.  If  this  be  so,  our  treatment 
should  be  such  as  to  avoid  the  killing  of  these 
organisms,  or  even  hampering  them  in  their  actions, 
but  rather  to  do  everything  to  favour  them  in  their 
beneficial  work.” 

“ To  sum  up,  let  natural  agencies  have  their  way, 
assist  and  direct  them  into  proper  channels  as  far  as 
you  can,  but  interfere  with  them  as  little  as  possible.” 

These  statements  cover  the  whole  ground,  and  they 
clearly  state  the  ]:>rinciples  on  which  the  biological 
treatment  of  sewage  is  based. 

I am  peifectly  aware,  no  one  more  so,  that  the 
advancement  of  an  idea  is  one  thing,  the  successful 
carrying  of  the  idea  into  practice,  ijuite  another,  and 
all  honour  is  due  to  those  who,  like  the  Massachussetts 
lioard,  Mr.  Dibdin,  Air.  Cameron,  and  others,  have 
* “ Trans.  .Sanit.  Inst.,’’  vol.  i.\.  pp.  365,  367,  369. 
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by  their  labours  accomplished  this.  The  fact  remains 
that,  without  the  prior  existence  of  the  idea,  such 
work  would  have  been  impossible. 

The  mention  of  the  Massachussetts  Board  reminds 
me  that  the  highly  valuable  experiments  of  that 
Board  were  not  a continuation  of  Sir  Edward 
Frankland’s  experiments  on  intermittent  downward 
filtration,  highly  interesting  and  valuable  though  they 
were  at  the  time,  but  were,  unless  I am  greatly 
mistaken,  the  more  or  less  direct  outcome  of  the 
labours  of  Mr.  Dibdin  and  myself  on  the  treatment  of 
sewage. 

A.  Dupre. 

December  i8th,  1897. 


Notes  on  Books. 

♦ 

The  Dwelling  House.  By  G.  V.  Poore,  M.D. 

London,  1897.  Longmans,  Green,  and  Co. 

It  would  seem  to  be  difficult  to  write  anything 
fresh  on  domestic  hygiene,  and  yet  Dr.  Poore  has 
succeeded  in  doing  so.  The  views  expressed  show  a 
good  deal  of  divergence  from  orthodoxy,  and  differ 
considerably  from  the  usual  sanitaiy  gospel.  Dr. 
Poore  is  a vigorous  opponent  of  the  water-carried 
system  of  sewage,  though,  at  all  events  so  far  as 
town  houses  are  concerned,  he  does  not  appear  to 
be  prepared  to  suggest  anything  in  its  place.  For 
houses  in  the  country  his  views  will  recommend 
themselves  to  all  who  can  take  an  unprejudiced 
view  of  the  subject,  and  his  book  is  one  which  can 
be  wisely  studied  by  those  who  are  so  situated  as  to 
be  able  to  put  his  suggestions  into  practice.  His 
principal  text  is  that  all  excrementitious  and  other 
waste  matters  should  be  spread  on  the  surface  of  the 
soil,  or  buried  very  close  to  the  surface.  Thus 
treated  they  are  rapidly  reduced  to  humus  and 
become  at  once  harmless  to  animal  and  helpful  to 
vegetable  life.  Surface  wells,  receiving  the  drainage 
from  land  thus  treated,  are,  he  shows,  quite  harmless, 
and  form  a safe  source  of  water  supply,  provided  of 
course  that  no  drainage  from  the  surface,  or  from  the 
upper  few  feet  of  soil,  can  gain  access  to  the  well. 
He  describes  a Avell  of  this  sort  in  a plot  of  ground  of 
an  acre  and  a half,  which  receives  all  the  refuse  from 
a house  and  a number  of  cottages.  The  upper  part 
of  the  well  is  carefully  concreted  round,  so  as  to  avoid 
direct  contamination,  and  it  supplies  water  which  has 
successfully  withstood  chemical  and  bacteriological 
tests  through  a considerable  time. 

That  by  diluting  our  sewage  with  enormous  volumes 
of  water,  we  are  bringing  it  into  precisely  that 
condition  in  which  it  is  most  difficult  to  treat 
innocuously  and  effectively,  is  probably  certain,  but 
this  great  convenience  of  using  water  to  promptly 
wash  away  and  cany  off  all  offensive  matters  must  be 
taken  as  counterbalancing  its  drawbacks.  Modern 
cities,  perhaps,  can  never  be  sanitated  by  other 
means.  For  isolated  dwelling  and  villages,  the  dry 
system  has  so  many  advantages,  that  the  more  con- 
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venient  water  system  will  probably  be  replaced  by  it 
to  a large  and  larger  extent,  as  true  sanitary  know-  1 
ledge  increases. 

Electric  Movement  in  Air  and  Water.  By ! 

Lord  Armstrong.  London,  1897.  Smith,  Elder, 

and  Co. 

Many  years  ago — about  1840— Lord  Armstrong 
invented  what  was  at  the  time  the  most  powerful 
generator  of  electricity,  the  hydro-electric  machine, 
in  which  electricity  was  produced  by  the  friction  of  i 
aqueous  particles  in  a partly  condensed  jet  of  steam,  I 
as  it  issued  under  pressure  from  a suitably  formed  i 
orifice.  Sparks  of  22  inches  were  given  by  this 
apparatus,  and  many  remarkable  experiments  were 
made  with  it,  experiments  which  at  that  time  could 
not  be  repeated  with  any  other.  Amongst  others,  ; 
one  in  which  a strand  of  cotton,  connecting  two 
vessels  of  water  themselves  in  connection  with  the  j 
terminus  of  the  machine,  is  drawn  into  one  vessel,  j 
while  water  is  drawn,  in  the  opposite  direction,  into  J 
the  other.  A consideration  of  this  experiment  led  j 
Lord  Armstrong  to  certain  views  as  to  the  nature  of  j 
electricity,  but  he  abandoned  his  electrical  investiga-  j 
tions,  and  the  hydro-electric  generator  was  never  I 
applied  to  any  practical  purpose.  Of  late  years  he  has  j 
returned  to  his  early  work.  He  found  that  the  exjieri-  j 
ments  which  had  been  successfully  made  in  the  open  j 
air  could  not  be  repeated  under  cover,  and  he  was  ; 
therefore  led  first  to  use  powerful  induction  coils  , 
instead  of  a steam  generator,  and  afterwards  to  have  i 
recourse  to  the  Wimshurst  machine. 

Starting  with  a repetition  of  his  earlier  experiment,  , 
in  which  a cotton  thread  was  caused  to  travel  from  a 1 
vessel  of  water  negatively  electrified  into  another  | 
positively  electrified,  he  went  on  to  test  the  effect  of  1 
the  current  upon  minute  solid  particles  in  its  neigh- 
bourhood. He  began  by  passing  a succession  of  I 
spark  discharges  through  a hole  in  a sheet  of  card-  j 
board  covered  with  a film-  of  light  dust.  The  result  1 
was  the  formation  of  a large  ring,  or  series  of  rings,  ; 
suggestive  of  the  well-known  smoke  rings  and  of  the  I 
vortex  action  by  which  they  are  formed.  Similar  j 
results  were  more  easily  produced  with  various  dusts  I 
on  a glass  plate — rather  more  elaborate  patterns  I 
resulting  with  a powerful  Wimshurst  machine.  In  j 
the  next  series  of  experiments  a photographic  plate 
was  substituted  for  a dust  plate,  and  a Wimshurst  ; 
discharge  taken  from  a metallic  disc  resting  on  the  I 
insulated  plate,  the  other  pole  of  the  machine  being  j 
underneath  the  plate.  In  this  case  a very  beautiful 
foliated  discharge  resulted,  extending  in  all  directions  | 
from  the  central  metallic  disc  and  forming  a luminous  j 
star.  By  varying  the  conditions  other  patterns  of 
different  complexity  and  extreme  beauty  were  pro- 
duced. Many  of  these  have  been  reproduced  with 
very  great  care  as  illustrations  for  the  work  under  j 
notice.  Some  of  these  are  of  natural  size  ; others  are 
enlarged  to  illustrate  the  theory  of  vortex  movement,, 
which  Lord  Armstrong  has  formed,  and  which  this  | 
book  is  meant  to  illustrate. 
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Notices. 


JUVENILE  LECTURES. 

I The  usual  short  course  of  lectures  adapted 
jfor  a juvenile  audience  will  be  given  on 
Wednesday  evenings,  January  5 and  12, 
I1898,  by  Professor  William  R^^msay,  Ph.D., 
ip.R.S.,  on  “ Fire.” 

; A sufficient  number  of  tickets  to  fill  the 
mom  have  been  issued  to  members,  but  a few 
"ickets  can  still  be  supplied  to  such  members 
is  have  not  received  any,  if  application  is  made 
It  once. 


COVERS  FOR  JOURNAL. 

For  the  convenience  of  Members  wishing  to 
find  their  volumes  of  the  Journal,  cloth 
•overs  will  be  supplied  post  free  for  is.  6d. 
•ach,  on  application  to  the  Secretary. 


LIST  OF  MEMBERS. 

I The  new  edition  of  the  List  of  Members  of 
!he  Society  is  now  ready,  and  can  be  obtained 
^ y Members  on  application  to  the  Secretary. 


, Proceedings  of  the  Society. 


CANTOR  LECTURES. 

GUTTA  PERCHA. 

By  Dr.  Eugene  F.  A.  Obach, 

F.I.C..  F.C.S.,  M.I.E.E. 

-ecture  I. — Delivered  November  2(),  1897. 
j (Concluded from  p.  W3,.) 

^ Experimental  Cultivation. 

In  May,  1847,  Messrs.  Wilkinson  and  Jewes- 
iry  of  London,  received  a consignment  of 


1^7 

about  two  dozen  }'oung  gutta  percha  trees  from 
Singapore,  which  they  presented  to  Kew 
Gardens,  receiving  an  acknowledgment  from 
Sir  Wm.  Hooker.  i 

I was  unable  to  find  out  what  became  of 
these  plants,  but  on  searching  the  older  issues 
of  Hooker’s  Popular  Guide  to  the  Gardens, 
I noticed  that  in  1849  a living  gutta  percha 
plant  Jsonandra  gutta)  existed  in  the  low 
double  propagating  house.  No.  4,  and  was 
described  as  having  been  presented  by  Dr. 
Oxley  with  other  rarities  from  Singapore.  In 
later  editions  of  the  Guide,  the  plant  is  men- 
tioned in  plant-house  No.  16,  the  museum  stove, 
and  the  miscellaneous  tropical  house,  and  it 
was  still  in  existence  there  in  1 860,  but  it  appears 
to  have  been  considered  merely  as  a curiosity. 
On  the  other  hand,  serious  attempts  at  culti- 
vation were  made  on  the  island  of  Singapore 
as  early  as  1848,  when  no  less  than  seven 
plantations  of  gutta  trees  were  established 
there  by  Oxley,  Montgomerie,  D’Almeida,  and 
others,  but  one  by  one  they  fell  into  the  hands 
of  Chinamen,  who,  in  course  of  time,  replaced 
the  gutta  trees  by  other  more  remunerative 
crops.  Dr.  Oxley’s  plantation  had  been  stocked 
with  plants  from  the  forest  of  Bukit  Timah,  and 
was  therefore  supplied  with  the  best  kind  of 
tree  obtainable,  but  it  seems  that  some  of  the 
other  plantations  were  supplied  with  a species 
of  Ficus  by  mistake. 

Out  of  the  plantation  of  4,000  trees,  estab- 
lished by  Sir  Jose  D’Almeida  at  Serangong, 
some  adult  specimens  still  survived  in  1888,  but 
were  then  just  on  the  verge  of  extermination, - 
and  now  only  a few  trees  exist  in  the  north  of 
the  island,  and  their  latex  is  used  by  the 
Chinamen  for  adulterating  opium. ^ 

The  Botanical  Gardens  at  Buitenzorg  received 
a number  of  young  Isonandras  from  Singapore 
in  1847,  half  of  them  being  still  alive  two  years 
later.  In  1883  two  of  the  remaining  trees  bore 
fruit  and  seeds  in  abundance,  and  in  February 
of  the  following  year  150  young  plants,  reared 
from  these  seeds,  were  planted  in  the  Cultuur 
Tain  of  Tjikeumeuh.^^ 

In  1856  the  Buitenzorg  Gardens  also  received 
2,000  young  specimens  of  the  Niato  balam 
tembaga  from  the  west  coast  of  Borneo, 
which  the  Director,  Mr.  J.  E.  Teijsmann, 
distributed  to  three  different  places  on  the 


1 Vide  the  pamphlet  by  Mr.  H.  W.  Jewesbury,  Introduce 
t ion  of  Gutta  Percha  into  Europe,  loSj,  p.  ii.* 

Serullas,  loc.  cit.,  p.  6i6.'*' 

^ Vide  St/ aits  Times  of  June  3rd,  1892. 

^ S' Lands  Plantentuin  te  Buitenzorg,  Batavia,  1892, 
pp.  445*  and  488.* 
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island  of  Java;  from  two  they  disappeared 
again  in  the  course  of  time,  but,  of  those  which 
were  sent  to  Purwokarta,  nearly  8o  reached 
maturity,  and,  although  perhaps  not  very 
vigorous,  yet  ever  since  1883  they  have  regu- 
larly produced  seeds  which  have  been  found 
most  useful  for  propagation^ 

In  1884,  several  kinds  of  Palaquhun  as  well 
as  Payena  were  planted  at  Tjikeumeuh,  and 
amongst  them  the  Pal.  oblongifolium  brought 
from  Padang  by  Dr.  Burck,  the  others  con- 

Fig 


plan^  of  the  Gardens,  on  which  I have  marked 
those  sections  and  added  the  names  of  the 
various  kinds  of  gutta  trees  which  are  cultivated 
there. 

In  the  year  1885,  an  experimental  Garden 
[Proef  Turn)  on  a larger  scale  was  established 
by  the  Dutch  Government  at  Tjipetir,  in  the  Pre- 
anger Regency,  at  an  elevation  of  about  1,300 
feet  above  the  sea-level,  and  extending  over  250 
acres.  Here  the  same  kind  of  trees  as  at 
Tjikeumeuh  were  planted  ; and  I can  show  you 

. 8. 


sisting  of  Pal.  gutta.  Pal.  Ireubii,  Pal. 
Borneense,  and  Payena  Leerii.  By  the  kind- 
ness of  the  Director  of  these  Gardens,  Dr. 
Treub,  I am  able  to  show  you  a photograph 
of  the  Palaquium  sections  (Fig.  8),  and  I will 
also  show  you  on  the  screen  a copy  of  the 


^ According  to  the  last  published  report  of  the  Buitenzorg 
Gardens  for  1895  seeds  and  young  plants  of  various  gutta 
trees  were  distributed  during  that  year.  Vide  Veislag  van 
S'  Lands  Planientuin  te  Buitenzorg,  Batavia,  1896,  pp.  36,* 
156,*  i75>*  and  i8o.* 


the  photographs  of  two  of  these  plantations  • 
taken  when  the  trees  were  about  five  years  old 
The  first  slide  shows  the  young  Palaquium 
gutta  trees,  planted  without  shade  trees,  an( 
the  next  the  Payena  Leerii,  shaded  by  tal 
trees  {Albizzia  moluccana)  planted  at  th< 
same  time.- 

1 Not  reproduced  in  the  Joutnal. 

8 I have  to  thank  Professor  Tschirch,  of  the  University  c 
Berne,  for  these  photogaphs,  which  were  published  in  his  well' 
known  work  : Indische  Heil-U7id  Nutzpjlanzen,  Berlin,  1892 
Tables  126,  127.  They  are  not  reproduced  in  the  journal. 
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j In  a letter,  recently  received  from  Mr.  van 
' Eeden,  the  Director  of  the  Colonial  Museum  at 
Haarlem,  he  tells  me  that  the  Palaquium  trees 
atTjipetir  bore  abundant  fruit  in  1895, eleven 
: years  after  having-  been  planted,  and  that  they 
j are  now  being  cultivated  on  a still  larger  scale. 

' I have  here  specimens  of  gutta  percha  obtained 
tat  Tjikeumeuh  from  trees  about  ten  years  old 
tapped  for  experimental  purposes. 

Before  leaving  this  subject,  I will  just  men- 
tion that  some  gutta  trees  were  also  g-rown  in 
the  Government  Gardens  at  Peradeniya  and 
Henaratgoda  in  Ceylon  from  seeds  supplied 


assure  you,  on  the  high  authority  of  Dr.  Treub, 
that  this  mode  of  propagation  is  quite  feasible  ; 
although  the  seeds  donot  keeptheir  germinating 
power  very  long,  and  a more  certain  method 
is  that  technically  known  as  Marcotfage, 
which  consists  in  burying  a branch  of  the  tree 
in  the  ground,  allowing  it  to  take  root,  and 
afterwards  separating  it  from  the  parent 
plant. 

According  to  information  obtained  for  me 
from  a Chinese  gutta-planter,  cuttings  from 
old  trees  can  also  be  used  for  propagation, 
and  it  is  best  to  insert- them  into  a cocoanut  to. 


Fig.  9. 


a 

Branch.  Leaf. 

Microscopic  Sections  of  Palaquium  Gutta. 


om  Perak  by  Sir  Hugh  Low  in  1882,^  and 
[ielding  the  material  known  as  Getah  taban 
uteh  (probably  I>olya72tha,  Benth.) ; 

lere  were  also  some  young  trees  of  the  kind 
elding  Getah  sundek  {^Payena  Leerii  Burck) 
ii  existence  at  that  time  ; however,  as  no  men- 
on  is  made  of  them  in  the  last  report  on  these 
lardens,^  I cannot  say  whether  they  are  still 
ere  now. 

Propagation  of  Gutta  Trees. 

It  has  variously  been  asserted  that  gutta 
ies  cannot  be  reared  from  seeds,  but  I can 

, ‘ Henry  Trimen’s  Report  on  the  Roy.  Bot.  Card,  at  Ceylon 
I 1882,  p.  13. 

J.  C.  W illis’  Report  for  1896. 


take  root  there,  and  then  transplant  them. 
Young  plants  reared  in  this  way,  can  be  bought 
at  Penang  and  Batavia  at  50  cents,  apiece. 
Saplings  from  the  jungle,  where  obtainable, 
or  from  plantations,  are  also  suitable  for  trans- 
planting, and  they  can  now  be  bought  in 
Malacca^  at  a very  low  price.  Dr.  Treub  finds 
young  plants  reared  from  Maixottcs  more 
vigorous  than  those  from  seeds.  Grafting  is 
declared  to  be  impossible  by  Mr.  Ridley,  on 
account  of  the  fungi  and  bacilli  which  attack 
the  plant.  M.  Serullas,  as  I told  you,  took 
the  whole  stools  from  the  forest  and  transferred 
them  to  a nursery. 


From  a plantation  recently  opened  there  by  a Chinaman. 
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Collection  of  Gutta  Percha  from  the 
Tree. 

I must  now  tell  you  how  the  latex  is  obtained 
from  the  trees.  You  will  remember  that  it  is 
contained  in  isolated  receptacles  or  sacs,  chiefly 
in  the  lower  parts  of  the  bark,  but  also  in  the  ^ 
leaves.  Diagram  (Fig.  9,  p.  119)^  shows  a sec- 
tion through  a small  branch,  a,  and  a leaf,  b and 

of  the  Palaquium  gutta,  and  you  observe  the 
numerous  latex  receptacles,  L,  in  the  primary 
and  secondary  bark,  P.B.  and  S.B.,  of  the 
branch  as  well  as  in  the  pith,  P.  The  sections 
through  the  leaves  show  you,  in  one  case,  b, 
the  termination  of  two  latex  sacs,  and  in  the 
other,  c,  the  course  of  one  of  them  within  the 
imperfect  cellular  tissue  or  merenchyma. 

In  order  to  get  at  the  latex,  it  is  therefore 
necessary  to  cut  through  the  bark  and  cause  it 
to  exude.  The  practice  of  the  Malay  getah- 
collector  is  invariably  to  fell  the  tree,  chop  off 
the  branches,  and  ring  the  bark  at  distances  of 
12  to  18  inches  all  along  the  trunk.  The 
milky  sap  soon  fills  the  grooves  cut  into  the 
hark,  and  with  the  better  kinds  of  trees,  quickly 
coagulates  ; it  is  then  scraped  off  with  the 
point  of  a knife.  In  the  case  of  inferior 
trees,  the  latex  requires  a much  longer  time 
to  curdle,  and  has  to  be  collected  in  a 
receptacle  of  some  sort,  a cocoanut-shell  or 
the  spathe  of  a palm,  for  instance,  placed 
under  the  trunk.  The  latex  is  then  taken  to 
the  huts  and  gently  boiled  either  by  itself  or 
with  the  addition  of  water.  The  material 
obtained  without  water  is  called  a goolie,  the 
other  a gutta  ; but  the  two  kinds  are  mostly 
mixed  together.  The  goolie  is  more  compact 
than  the  gutta,  and  it  has  a dough-like  smell. 
For  felling  the  trees  the  Malays  use  a small 
axe,  called  a billiong^,  it  has  a chisel-like 
iron  blade  secured  to  a wooden  handle  by  a 
lashing  of  rdtan.  The  branches  are  chopped 
off  with  the  parang  or  the  golok,  and  these 
are  also  used  for  ringing  the  bark  and  scraping 
off  the  getah. 

A collection  of  these  native  instruments,  pre- 
sented to  Kew  Gardens  by  Sir  Hugh  Low,  the 
Resident  of  Perak,  and  Mr.  Murton,  is  ex- 
hibited here,  and  we  have  photographed  them 
with  some  specimens  of  wood  from  gutta  trees 
found  in  Perak.  They  will  now  be  projected 
on  the  screen.^  (Fig.  10,  p.  121.) 

1 Otto  Oesterle,  Archiv.  der  P harm.,  1892,  vol.  230,  Plates 
I.  and  II.  Unfortunately,  some  microscopic  sections  of 
Palaq.  gutta,  kindly  prepared  for  me  by  Mr.  C.  Robertson 
Glasgow,  formerly  at  Kew,  but  now  at  Singapore,  did  not 
arrive  in  time  to  be  shown  at  the  lecture,  as  intended. — E.O. 

2 Explanation  of  Fig  xo\ — [a)  Billiong — (3)  Parang 


I am  also  able  to  show  you  on  another  slidi 
the  way  in  which  the  Malays  use  these  tool| 
for  extracting  the  gutta  from  the  trunk  in  th 
western  parts  of  Sumatra.  The  group  wa| 
arranged  by  Dr.  Burck,  who  is  himself  in  th^ 
picture.  (Fig.  ii,  p.  123.) 

Here  is  a piece  of  the  trunk  of  a gutta  tree  c 
respectable  size,  and  about  60  years  old,  whic 
was  kindly  presented  to  me.  It  measures  ovc 
40  inches  in  circumference  ; parts  of  it  hav 
been  polished  to  show  the  structure  of  th 
wood.  An  expert  whom  I consulted,  expresse| 
the  opinion  that  it  was  probably  not  of  muc| 
use  as  timber,  which  is  contrary  to  the  opiniol 
expressed  in  some  books. 

As  regards  the  quantity  of  solid  gutt 
percha  yielded  by  an  adult  tree,  the  datj 
given  are  very  conflicting.  Older  write)' 
like  Oxley^  and  Logan^  give  as  the  ave 
age  13^  lbs.  and  5^  lbs.  for  Singapore  and  Joh(| 
respectively,  but  later  observers  quote  muci 
smaller  figures.  Wray,^  for  instance,  obtainej 
only  2 lbs.  5 oz.  of  fairly  clean  gutta  perchj 
from  a Taban  merah  at  least  100  yeai| 
old,  and  2 lbs.  ii  oz.  from  a Taban  putell 
Burck  obtained  on  an  average  only  ii  01 
from  adult  trees  in  West  Sumatra,  and  Serull^ 
13^  oz.  from  a giant  tree  felled  in  Pahang  t{ 
Dyaks.*  The  yield  evidently  depends  greatj 
upon  the  kind  of  tree,  manner  in  which  it  i 
bled,  the  season,  &c.,  the  milky  sap  being  saj 
to  run  most  freely  directly  after  the  rainy  seas( 
is  over.  When  the  tree  is  wounded  witho 
first  being  felled,  the  latex  flows  much  mo 
tardily  and  sparingly  and  also  coagulat* 
quicker,  the  output  is  therefore  notab 
smaller,  this  being  one  of  the  reasons  why  tl 
Malays  still  resort  to  the  old  method  of  cuttir 
the  trees  down  before  bleeding  them.  Wi 
caoutchouc  trees  it  is  different,  their  latex 
much  thinner  and  does  not  easily  coagulat 
consequently  the  tapping  of  living  trees 
the  usual  practice.  Trees  yielding  a speci 
kind  of  gutta  percha  {Balatai)  likewise  conta 
a more  fluid  milk-sap,  and  here  tapping 
the  rule,  as  we  shall  see  in  our  ne 
lecture. 

If  we  accept  Mr.  Wray’s  figure,  the  avei 
age  yield  of  an  adult  gutta  tree  of  go(^ 

{c)  Golok  (H.  C.  Murton,  i&7S)—[d)  Wood  from  tree  yield! ‘ 
Getah  taban  puteh  (H.  C.  Murton,  1878) — {e)  do.,  do.  (Sir  1: 
Low,  1883.)  , 

1 Journ.  Ind.  Archip.,  1847,  vol.  i.,  p.  25.*  | 

2 Journ.  Ind.  Archip.,  1847,  vol.  i.,  p.  262.*  j 

3 Journ.  Straits  Branch  Asiat.  Soc.,  1884,  No.  12  pp.  21 

and  214.*  I 

* E.  Jungflelsch,  La  Production  de  la  Gutta  Percha,  Par 

1892,  p.  4.* 
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quality  is  about  2^  lbs.,  which,  if  anything, 
is  probably  too  high  an  estimate.  Taking 
the  price  of  gutta  percha  at  3s.  6d.  per 
lb.,  the  value  of  the  entire  yield  of  a tree 
would  be  only  8s.  pd.,  and  it  is,  therefore,  not 
very  surprising  that  the  Malay  collector  as 
well  as  the  Chinese  dealer  tries  every  expedient 
to  increase  the  amount  of  the  produce,  the 


flat  bottles,  &c. — which  are  to  a certain  extent 
characteristic  of  the  district  whence  they  come, 
and  I have  brought  various  specimens  with 
me  to-night  for  your  inspection.  Some- 
times the  native  collector  shows  artistic  pro- 
clivities, and  moulds  the  gutta  percha  into 
the  form  of  birds,  alligators,  quadrupeds,  ikr., 
specimens  of  which  you  see  here.  'I'hey  are 


Fm.  10. 

c 


ormer  by  blending  it  with  the  juices  of  other 
flants,  ready  at  hand  in  the  forest,  and  the 
atter  by  recooking  the  materials  which  he 
eceives  from  the  jungle,  and  mixing  them  with 
)ark,  sawdust,  ground  sago,  &:c. 

The  gutta  percha  as  it  finally  arrives  on  the 
narket  is  usually  in  the  form  of  large  blocks  of 
arious  shapes — cylindrical  rolls,  square  cakes,  j 


not  at  all  bad  productions,  although  by  no 
means  the  best  I have  seen.  (Fig.  12,  p.  124.) 

In  the  early  years  the  Malays  went  more 
seriously  to  work,  and  made  a number  of  useful 
articles,  which  they  brought  into  town  for  sale, 
such  as  riding-whips,  walking-sticks,  pails, 
jugs  and  basins,  and  so  forth,  and  Professor 
Solly  mentions  in  1845  that  a batch  of  such 
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sticks  had  then  just  been  received  at  Liverpool 
from  Singapore.  I also  heard  from  friends  that 
in  the  early  fifties  gutta  percha  riding-whips 
were  not  infrequently  met  with  on  the  Continent. 

I am  able  to  show  you  a number  of  these 
articles,  which  were  sent  to  the  Great  Inter- 
national Exhibition  of  1851,^  and  as  they  will 
probably  not  exist  for  many  more  years,  I had 
them'  photographed,  and  shall  show  you  the 
result  on  the  screen  (Fig.  13).  Please  observe 
the  black  stripes  on  the  riding-whipand  walking- 
stick,  as  well  as  on  the  basin  and  jug,  to  which 
I have  alluded  before.  Also  please  notice  the 
shallow  tray  next  the  jug,  which  is  the  gutta 
percha  cover  of  the  tin  box  in  which  Oxley 
sent  the  flowering  branch  of  the  Iso7iandra  to 
Sir  Wm.  Hooker,  in  1847.  The  specimens  of 
wood  also  shown  on  the  photograph  are  from 
the  Taban  merah  {Palaq.  gutta). 

Chemical  Analysis  of  Gutta  Percha. 

I will  now  briefly  consider  the  chemical 
composition  of  gutta  percha  and  its  analysis. 

The  very  first  specimens  sent  to  the  Bengal 
Medical  Board  by  Dr.  Montgomerie  in  March, 
1843,  were  already  submitted  to  chemical  tests 
by  Dr.  MouaP  and  Mr.J.  G.  Scott. ^ They  tried 
its  solubility  in  various  menstrua,  such  as  water, 
alcohol,  ether,  naphtha,  oil  of  turpentine, 
&c.,  and  subjected  it  to  destructive  distil- 
lation. From  their  experiments  they  con- 
cluded that  gutta  percha  was  a “ variety  of 
caoutchouc,”  having  certain  remarkable  pro- 
perties of  its  own.  Prof.  Edward  Solly, ^ who 
examined  the  samples  sent  to  the  Society  of 
Arts,  as  well  as  some  specimens  from  the 
East  India  House,  received  by  him  through 
Dr.  Royle,  read  a paper  before  the  Chemical 
Section  of  the  British  Association  at  Cambridge 
on  June  23rd,  1845,  in  which  he  described  the 
behaviour  of  gutta  percha  towards  various 
chemical  agents,  alkalies,  acids,  &c.,  and  on  the 
very  same  day  Dr.  Douglas  Maclagan®  sent  a 
communication  to  the  Royal  Scottish  Society 
of  Arts  at  Edinburgh,  in  which  he  likewise 
dealt  with  the  chemical  properties  of  this 
substance,  and  gave  the  result  of  its  ultimate 
analysis,  which  he  considered  sufficiently 
conclusive  to  justify  the  opinion  that  it  is 
“ generally  the  same  as  caoutchouc.”  A short 

1 Exhibited  by  the  Hon.  East  Indian  Company,  Mus- 
piatfs  Chemisiry,  vol.  2,  p.  349.* 

* Journ.  Ague,  and  Hortic.  Soc.,  India,  1843,  vol.  2, 
p.  104.* 

^ Journ.  Agric.  and  Hot  tic.  Soc.,  India,  1844,  vol.  3, 
p.  T47-* 

< Pharm.  Journ.,  1845-46,  vol.  5.  p 510.* 

* The  Edinburgh  New  Philos.  Journ.,  1845,  vol.  39,  p.  238.* 


time  after,  Kent^  and  Soubeiran^  found  that 
commercial  gutta  percha  contained  two  resinous 
substances,  one  soluble  and  the  other  insoluble 
in  cold  alcohol.  AdrianP  and  Arppe^  further 
examined  these  resinous  components,  and  the 
latter  distinguished  quite  a number  of  them, 
some  being  crystalline,  others  amorphous. 
The  chemical  analysis  of  these  resins  showed 
that  they  contained  different  amounts  of 
oxygen.  Payen,°  in  1852,  came  to  the  con- 
clusion that  purified  gutta  percha  contained 
three  proximate  components,  viz.,  a substance 
insoluble  in  cold  and  in  boiling  alcohol,  which 
he  termed  Pure  Gutta  ; a crystalline  white 
resin,  soluble  in  hot,  but  not  in  cold  alcohol, 
which  he  called  Albane  ; and  lastly,  an  amor- 
phous yellow  resin  which  he  named  FluaviLe}' 

Later  on,  Oudemans* *  and  von  Baumhauer"' 
showed  that  Payen’s  Pure  Gutta  was  a hydro- 
carbon, having  the  composition  Ck,Hi6  like 
caoutchouc,  and  therefore  isomeric  with  oil  cf 
turpentine,  and  that  the  resinous  components 
might  be  represented  by  the  following  formula?, 
viz.  : —Albane  CioHie  O,  and  Fluavilc  C-2oH;,D. 
Quite  recently,  Mr.  Otto  Oesterle^  subjected 
gutta  percha  to  a still  more  searching  chemical 
analysis  in  Prof.  Tschirch’s  laboratory  at  Berne, 
and  found  a fourth  component,  which  he 
termed  Guttane,  and  of  which  he  gave  the 
composition,  after  repeated  precipitations  by 
alcohol  from  a solution  in  chloroform,  as  C 86-4 
per  cent,  and  H i2*o  per  cent. ; it  is,  however, 
a very  variable  substance. 

I myself  had  also  repeatedly  noticed  the 
presence  of  this  substance  in  gutta  percha, 
but  have  not  further  examined  it. 

For  albane,  Mr.  Oesterle  finds  the  formula, 
C40H64O2,  and  for  fluavile  (CioHi60)n  ; that  is,! 
he  finds  more  oxygen  in  the  latter  than  in  the) 
former,  which  is  just  the  reverse  of  Oudemans’' 
results. 

My  own  analyses  gave  the  following  per  ■ 
centage  composition 


*■  ^ Sillimaii’s  American  Journ.  of  Science  and  Ajfs,  1848) 
Second  Series,  vol.  6,  p.  2if.I^Jahiesber.  d.  'Chemie,  i847-48j 
p.  744-*' 

2 Journ.  de  Pharm.,  1848,  3me  serie,  vol.  ii,  p.  I7j 
Jahresber.  d.  Chemie,  1847-48,  p.  743.*  1 

^ A.  Adrian!,  Ve^diandeling  over  de  Gutta  Percha  e->\ 
Caoutchouc,  Utrecht,  1850.*  I 

^ Oefversigt  of  Kongl.  Vetensk.  Akad.  F‘67 handlings 
1850,  vol.  7,  p.  77;  also  Journ.  f.  prakt.  Chem.,  1851; 
vol.  53,  p.  171-*  j 

5 Comptes  Rendus,  1852,  vol.  35,  p.  107.  | 

® Specimens  were  shown.  | 

’’Rep.  C him.  applique, Jahtesber.d.  Chemi^ 
1850,  p.  517-* 

8 Jourtt.f.  prakt.  Chem.,  1859,  vol.  78,  p.  277.*  • 

* ArcKiv.  der  Pharm.,  I 
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Albane.  Fluavile. 

C = 78-96  per  cent.  C = 80-79  cent. 

H = 10-58  ,,  H = ii-oo  ,, 

O = 10-46  ,,  O = 8-21  ,, 

100-00  ,,  100-00  ,, 

^vhich  corresponds  to  the  formulae  : — albane 
CioHieO,  agreeing-  with  Oudemans’  results ; 
and  fluavile  C40H&4O3,  agreeing  neither  with 
Oudemans’  nor  Oesterle’s  determinations  ; the 
composition  of  the  latter  resin  seems  to  vary 
in  different  kinds  of  gutta  percha. 


and  tenacious  on  cooling,  without  being  in  the 
least  brittle.  But  the  resins  themselves  are 
either  soft  at  ordinary  temperatures,  or,  when 
hard,  quite  friable.  It  is,  therefore,  the  giitta 
which  forms  the  valuable  constituent  of  gutta 
percha,  and  the  resins  3X0.  only  accessory-  com- 
ponents, which,  although  admissible,  and 
perhaps  even  desirable  in  a comparatively 
small  amount,  yet  have  a decidedly  detrimental 
effect  when  they  preponderate.  Hence  in  order 
to  arrive  at  an  opinion  on  the  technical  value 
of  a sample  of  gutta  percha,  it  is  indispensable 


Fig.  II. 


Extraction  of  Gutta  from  the  Trunk  in  Sumatra. 


Pure  gutta  is  insoluble  in  ether  and  light 
petroleum  spirit  at  ordinary  temperatures, 
-whereas  both  albane  and  Jluavile  dissolve 
readily  in  these  menstrua.  Either  of  these  two 
solvents  is  therefore  suitable  for  separating 
the  resinous  components  from  the  hydro- 
carbon. 

Gutta  possesses  all  the  good  qualities  of  gutta 
percha,  but  in  a much  enhanced  degree  ; it 
becomes  soft  and  plastic^  on  heating,  and  hard 

^ The  property  of  pu-ie  of  becoming  plastic  at  higher 

temperatures,  shows  that  it  is  not  a simple  body,  but  a 
mixture  (alloj')  of  several  hydrocarbons,  differing  probably 


to  determine  the  relative  proportion  or  ratio 
between  gutta  and  resin.  But  besides  these 
two  constituents,  there  are  others  which  have 
to  be  taken  into  account — the  mechanically- 
enclosed  water,  frequently  reaching  a high 
figure,  and  the  coarser  impurities,  such  as 
wood  fibres,  bark,  sand,  &c.,  which  I briefly 
describe  as  dirt.  The  latter  two  components 
represent  the  loss  or  waste  to  the  manufacturer 
on  cleaning. 

only  in  their  molecular  constitution.  The  case  is  similar  to 
that  of  the  tinman's  solder  in  the  state  in  which  it  is  used  for 
making  what  is  technically  called  a “ wiped  joint.’’ 
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We  now  see  that  it  is  necessary  to  deter« 
mine  for  commercial  purposes  at  least  four 


The  water  can  be  determined  with  sufficient 
accuracy  for  most  practical  purposes  by  gently 


Fig.  12. 


Objects  Moulded  in  Gutta  Percha. 


proximate  constituents  in  raw  gutta  percha,  heating  a weighed  quantity  first  in  the  open  air 

viz.,  water,  dirt,  resin,  and  gutta,  and  and  then  in  vacuo  over  an  absorbent  substanci 

I 

Fig.  13. 


Gutta  Percha  Articles  shown  at  Exhibition  of  1851.  ' 

the  more  we  find  of  the  latter,  the  better  the  I until  no  further  loss  occurs  ; but  sometimej  ( 
material.  * it  has  to  be  ascertained  by  direct  weighing  I 
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The  resinous  components  also  might  be  deter- 
mined from  the  loss  of  weight,  after  exhaust- 
ing the  dried  material  with  ether  or  petroleum - 
spirit,  but  it  is  mostly  desirable  to  weigh  them 
directly  after  evaporation  of  the  solvent.  There 
now  remains  a mixture  of  gutta  and  dirt ; these 
can  be  separated  by  treatment  with  carbon 
disulphide  or  chloroform,  which  dissolves  the 
gutta  and  leaves  the  dirt  behind,  the  latter 
being  removed  from  the  solution  by  filtration, 
washed  and  weighed.  The  gutta  also  is 
weighed  after  distilling  off  the  solvent  and 
drying  in  vacuo,  but  for  greater  accuracy  it  is 
precipitated  from  the  solution  by  means  of 
alcohol,  when  it  can  finally  be  obtained 
perfectly  white  and  pure. 

In  the  mannerjust  described  thousands  of  raw 
materials  have  been  analysed  in  our  laboratory 
since  i88i,’  the  year  in  which  I first  introduced 
this  method  for  regular  use,  and  in  several 
instances  we  went  even  a step  further,  and 
separated  the  resins  into  albane  and  Jiuavile. 
But  let  me  here  add  a word  of  caution.  I stated 
that  the  relative  proportion  of  gutta  and  resin 
forms  an  important  criterion  for  estimating  the 
commercial  value  of  a material ; but  this  in  itself 
is  not  sufficient.  Even  putting  aside  for  the 
moment  the  variable  composition  of  the  resinous 
components,  there  are  guttas  and  guttas,  and 
although  the  ultimate  analysis  of  two  ditferent 
specimens  may  give  exactly  the  same  result, 
the  physical  and  mechanical  properties,  and 
most  important  of  all,  the  durability  may  widely 
differ,  owing  to  a difference  in  their  molecular 
constitution.  It  is  therefore  absolutely  indis- 
pensable in  addition  to  the  quantitative  deter- 
mination of  the  components  to  scrutinize  the 
gutta  itself,  which  I need  hardly  say  requires 
muchjudgment  and  experience. 

As  an  illustration  of  such  analyses,  I have 
prepared  Table  I.,  showing  the  percentage  com- 
position of  seven  different  specimens  of  gutta 
percha  collected  by  Mr.  Wray  in  Perak  from 
definite  botanical  sources,  and  presented  by 
him  to  Kew  Gardens  in  1883  and  1884. 

The  Table  gives  the  names  under  which  the 
Dlants  are  known  to  botanists,  the  habitat  of 
:he  trees,  and  the  Malay  names  of  the  gums 
hey  yield,  under  which  they  are  known  in 
Perak.  It  also  contains  a short  description  of 
he  materials  as  received  and  of  their 
:onstituent  parts,  gutta  and  resin.  The 
igures  obtained  by  analysis  are  worked  out  in 
wo  different  ways,  viz.,  in  per  cents,  of  the 
naterial  as  received,  and  of  the  gutta  percha 
)roper  which  it  contains,  to  facilitate  the  com- 
)arison  between  different  specimens. 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


[December  31,  1897. 


I 26 


In  the  present  instance  the  percentages  of 
water  and  dirt  are  only  of  secondary  interest, 
and  it  is  chiefly  the  two  columns  headed 
‘ ‘ Gutta  ’ ’ and  ‘ ‘ Resin  ’ ’ and  marked  (g)  and  (r) 
to  which  I would  direct  your  attention.  You 
observe  the  very  great  difference  in  the  relative 
amount  or  “ Ratio  ” of  these  two  components 
in  different  specimens.  Take,  for  instance, 
No.  I from  DichoJ>sts  oblongi folia,  which  con- 
tains eight  times  as  much  gutta  as  resin,  and 
compare  it  with  No.  3 from  Dichopsis  folyantha, 
containing  about  an  equal  amount  of  both,  and, 
further  still,  with  No.  5 from  Dichopsis  Main- 
gayi,  where  the  amount  of  resin  is  three  times 
that  of  gutta.  Materials  in  which  the  percentage 
of  resin  reaches  that  of  gutta,  or  even  surpasses 
it,  are  of  a decidedly  inferior  description,  and 
you  observe  that  four  out  of  the  seven  samples 
from  Perak  belong  to  this  category.  Of  the 
remaining  three,  the  first  two  from  Dichopsis 
oblongifolia  and  Dichopsis  giLtta  are  of  ex- 
cellent quality,  whereas  the  third — i.e.,  spec. 
No.  6,  “ Getah  sundek  ” or  “ sobndie,”  from 
Payena  Leerii — is  decidedly  inferior  to  these. 

Next  to  the  two  columns  marked  “Gutta” 
(g)  and  “ Resin  ” (r)  respectively,  there  is  one 
headed  “ Quality”  (q)  and  I owe  you  a word 
of  explanation  for  these  values  which  were  in- 
troduced by  me  some  years  ago  for  the  sake  of 
convenience  at  our  works. 

As  I have  told  you  the  commercial  value  of 
gutta  percha  depends  principally  on  the  rela- 
tive amounts  of  gutta  and  resin  contained 
therein,  and  it  occurred  to  me  to  utilise  this  fact 
for  the  division  into  qualities.  Taking  10  lbs. 
as  the  standard  weight  of  gutta  percha 
proper,  I designate  its  quality  as  first,  second, 
third,  &C-,  if  the  amount  of  resin  contained 
therein  is  i lb.,  2 lbs.,  3 lbs.,  &c.,  respectively 
(the  percentage  of  resin  divided  by  10,  e.g. 
q = This  division  alone,  however,  would 

be  too  coarse,  even  for  practical  purposes,  and  I 
consequently  subdivide  the  interval  between 
two  consecutive  qualities  into  ^ lbs.,  and  dis- 
tinguish them  by  affixing  the  letters  a,  b, 
and  c.  If,  therefore,  a material  is  des- 
cribed as  being  of  3a-  quality,  it  means  that  the 
gutta  percha  proper,  contained  in  it  has  3^  lbs. 
of  resin,  or  thereabouts,  in  every  10  lbs. 
(32-5  °jp),  if  anftther  is  called  5^  it  contains 
5^  lbs.  (55  7o)>  Qualities  with  less  than 

I lb.  of  resin  (10  °/o)  very  rarely  occur  in  com- 
mercial raw  samples,^  but  are  described  as 


1 The  lowest  amount  ot  resin  hitherto  found  by  me  in  the 
gutta  percha  proper  of  a commercial  raw  sample  is  11*9 
per  cent.,  corresponding  to  quality  i“. 


O^,  Ob,  Qc  if  containing  i,  and  ^ lbs.  i 
(2-5,  5*0,  7*5  7o)  of  resin  respectively,  when 
artificially  produced.  Even  with  this  sub-  | 
division  the  description  of  the  quality  admits  of  j 
a certain  variation  in  the  percentage  of  resin 
in  both  directions,  and  this  is  a decided  advan-  , 
tage  for  practical  purposes  where  it  is  not 
always  desirable  to  be  too  strict.  The  ratio  i 

Resin  given  in  the  Table,  although  ex- 

cellent for  descriptive  purposes,  is  somewhat  too 
sensitive  for  the  factory,  and  not  so  descrip-  . 
tive. 

Ofthe small specimensof gutta percharecently  i 
received  from  Haarlem,  and  which  had  been 
obtained  from  the  various  trees  cultivated  at 
Tjikeumeuh,  and  experimentally  tapped  about 
10  years  after  they  had  been  planted,  only  those 
ixom  Palaquium  Borneeiise  and  Payena  Leerii 
were  still  in  a sufficiently  good  state  of  pre- 
servation for  analysis  ; whereas  the  others  from  ■ 
Palaq.  gutta  and  Palaq.  Treubii  had  been 
already  badly  oxidised. 

The  composition  of  the  specimen  from  Palaq. 
Borneense\\3isio\md.  to  be  intermediate  between 
that  of  Palaquimn  {Dichopsis)  gutta  and . 
Palaq.  ob Ion gi folium  from  Perak  (given  in 
Table  I.),  as  it  contained  85*3  per  cent,  of 
gutta  and  147  per  cent,  of  resin  in  the  gutta 
percha  proper.  The  specimen  from  Payena  , 
Leerti  agreed  fairly  well  in  composition  with 
that  from  Perak,  giving  54*8  per  cent,  gutta 
and  45‘2  per  cent,  resin,  the  difference' 
between  the  two  being  negligible,  for  practical 
purposes. 

I shall  now  give  you  the  results  of  analyses 
of  several  materials  which  were  described  either; 
as  Getah  taba7i  or  merah  or  both,  and  for) 
comparison  that  of  a small  piece  of  homo- 
geneous pinkish  material,  which  I picked  out, 
from  a large  commercial  lot  of  first-class,  as; 
resembling  in  appearance  this  class  of  guttal 
percha  and  you  observe  that  as  far  as  quality  is; 
concerned,  there  is  not  much  difference  between,  1 
the  four  materials,  so  that  we  may  consider  the| 
average  as  representing  the  gutta  percha  known' ■ 
as  Getah  taban  merah. 

The  second  part  of  Table  II.  affords  a similar 
comparison  for  various  specimens  received!  i 
under  the  name  of  Getah  mantah,  sundeh,^i 
sondek,  or  soondie.  Here  again  the  mean  olh 
the  figures  fairly  represents  the  average  com-  1 
position  of  this  particular  kind  of  second-clas.‘(  | 
gutta  percha.  I ; 

Table  III.  which  now  follows  is  particular!}!  | 
interesting  as  showing  the  composition  of  somi-  j 
historical  specimens  of  gutta  percha,  one  sen!  1 


TAHLE  II.— Analysis  m-  Si‘i;cim1;ns  of  GkTah  TaIian  (AIkrah)  aSid  Gktah  SoOndik  rkckivko  from  various  Sources. 
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* So  dt'si  ribcd  on  slip  of  paper  found  with  another  of  Lobb’s  specimens  in  tlie  Her-  Loud,  yourn.  Hot.,  1837,  vol.  0,  p.  33. 

barium.  A specimen  from  Johor,  colli'cted  about  seven  yi'ars  a{^o,  and  recentlj’  analysed,  ^ Loud.  'Journ.  Hot.,  1837,  vol.  0,  p.  40.^. 

contained  90  per  cent,  gutta  percha  proper,  with  only  8 per  cent,  resin  (quality  (J  ).  ^ Lttm.  tdrctr.,  18170,  vol.  38,  p.  411.  I'his  specimen  contained  57  per  cent,  water. 
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to  Sir  Wm.  Hooker  by  Lobb  in  1846,  and  the 
second  by  Oxley  in  1847,  both  being  described 
as  having  been  obtained  from  the  same  tree  as 
the  botanical  specimens  which  they  accom- 
panied. The  third  specimen  is  the  one  collected 
in  1887  by  Serullas  at  Bukit  Timah  from  an 
offspring  of  Oxley’s  tree,  as  already  mentioned, 
the  corresponding  botanical  specimen  beingalso 
here  to-night.  The  comparatively  large  amount 
of  resin  in  Oxley’s  specimens  is  noteworthy,  as 
is  also  the  marked  difference  between  this  and 
Serullas’  specimen,  which  latter  contains  an 
exceptionally  low  amount  of  resin.  It  may  be 
that  the  great  age  of  Oxley’s  specimen  and 
its  long  exposure  to  air  and  light  in  the 
museum  has  something  to  do  with  this  as 
it  is  badly  oxidised  on  the  surface,  whereas 
the  still  older  specimen  from  Lobb,  which  had 
been  protected  from  light  in  the  Herbarium,  is 
still  in  an  excellent  state  of  preservation. 

The  specimen  collected  at  Johor  about  seven 
years  ago,  contains  even  less  resin  than  that 
from  Serullas,  showing  that  excellent  trees  must 
have  existed  at  that  time,  and  probably  still 
exist  in  that  district. 

But  we  must  now  leave  the  specimens  of 
scientific  interest  and  consider  the  commercial 
materials.  These  are  mostly  designated  accord- 
ing to  the  names  of  either  the  producing 
countries,  or  the  places  whence  they  are 
exported.  Examples  of  the  former  have  such 
designations,  for  instance,  as  Pahang, 
Bulongan,  Sarawak,  &c.,  and  of  the  latter, 
Bagan,  Seralong,  Macassar,  &c.  Of  the 
numerous  sorts  which  appear  on  the  Singapore 
market  from  time  to  time,  I can  only  deal  with 
the  principal  ones,^  and  I have  selected  the 
following  twelve  brands  as  typical  of  the  rest 
of  them,  and  divided  them  into  four  groups  for 
convenience  in  comparison  and  reference,  as 
follows  : — 

I St  Group,  comprising  the  three  best  kinds 
of  gutta  percha,  probably  all  derived  from 
some  species  of  Palaquium  closely  related  to 
Pal.  giUta  and  Pal.  oblohgif olium  : — 

/ I.  Pahang,  from  the  Malay  Peninsula.^ 

’ 2.  Bulongan  red,  from  Borneo. 

3.  Banjer  red,  from  Borneo. 

2nd  Group,  comprising  three  kinds  of  gutta 
percha  of  the  second  order,  probably  all  derived 


1 Analyses  of  samples  of  several  brands  of  gutta  percha 
have  been  published  by  M.  Leon  Brasse  in  1892.  La  Lum. 
elects-.,  1892,  Yol.  46,  p.  51,* 

^ The  name  of  *•  Pahang  ” gutta  percha  is  now  applied  to 
any  first-class  material,  irrespective  of  its  geographical 
derivation. 


from  some  species  of  Payena,  possibly  from 
Payena  Leerii'. — 

4.  Bagan  goolie  (and  gutta)  soondie, 
from  Borneo. 

1 5.  Goolie  red  soondie,  from  Borneo. 

^ 6.  Serapong  goolie  soondie,  from  Sumatra. 

[Vote. — Gastric  red  soondie  appears  to  be  identical  with 
Kataringin  gastric  soondie.] 

3rd  Group,  comprising  three  kinds  of  so- 
called  “white  gutta”  of  second  and  third 
class  from  unknown  trees,  possibly  partly  from 
Dicholsis  lolyaiitha  or  lustulata,  and 
partly  from  some  species  of  Payena  : — 

/'  7.  Bulongan  white,  from  Borneo. 

I 8.  Mixed  white  ,, 

\ 9.  Banjer  white  ,, 

4th  Group,  comprising  three  “ mixed  ” 
materials,  two  of  them  being  what  is  termed 
“ reboiled  ” (an  operation  performed  by  the 
Chinese,  who  buy  up  odd  lots,  soften  the 
materials  in  hot  water,  and  make  them  into  a 
more  or  less  homogeneous  average  mixture) : — 

10.  Sarawak  mixed,  from  Borneo. 

11.  Padang  reboiled,  from  Sumatra. 

12.  Banca  reboiled,  from  Banca. 

[Note. — The  mixed  Sarawak  lots  mostly  represent  a very 
useful  second-class  material  ; the  two  reboiled  are  decidedly 
inferior.] 

The  average  composition  of  the  various 
commercial  brands  is  graphically  represented 
by  Diagram^  (p.  129),  Fig.  14,  each  value  being 
deduced  from  the  analysis  of  a great  number 
of  individual  lots,  taking  into  account  their 
relative  weights.  Altogether  2,282  tons  of  raw 
gutta  percha  are  represented  by  the  figures  in  ■ 
this  Diagram,  and  751  analyses  of  individual  ^ 
lots.  } 

The  calculation  of  the  mean  values  from  the  I 
percentage  composition  of  each  lot  was,  as  | 
you  may  imagine,  a rather  laborious  task. 

The  Diagram  is  so  arranged  that  the  com- 
ponents are,  as  it  were,  piled  one  on  top  of  the 
other  : first  the  gutta,  indicated  by  cross  shad- 
ing; next  the  resin,  shown  by  oblique  lines; 
then  the  dirt,  by  horizontal ; and  finally  the 
water,  by  vertical  lines.  The  height  of  the  black  I 
column  at  the  side  represents  the  percentage  of  • 
“gutta  percha  proper”  contained  in  the  raw  : 
material,  and,  consequently,  the  empty  space  r. 
above  shows  the  “ waste.”  The  small  white  dot  u 
indicates  by  its  elevation  above  the  datum  line  il 
the  ratio  between  pure  gutta  and  resin,  i.e.,  \ 
the  character  of  the  gutta  percha — quantity  : 
and  character  combined  being  the  essential 
factors  for  estimating  the  value  of  a sample.  1 

^ The  figures  will  be  given  in  a Table  in  the  Appendix. 
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For  a comparison  of  different  materials  it 
suffices  therefore  to  observe  the  length  of  the 
black  column,  and  the  height  of  the  white  dot 


at  once  that  the  members  of  the  first  group, 
although  not  remiarkable  for  great  length  of  the 
black  column,  are  yet  distinguished  from  all 


Fig.  14. 


-3  -30 


II 


Pahang 

MALACCA 

Bulongan 

Red 

BORNEO 

Banjer 

Red 

BORNEO 

Bagan 

Soondie 

BORNEO 

Goolie 

RedSoond 

BORNEO 

Serapong 

Soondie 

SUMATRA 

Bu  longun 
White 

BORNEO 

White 

Mixed 

BORNEO 

Banjer 

White 

BORNEO 

Sarawak 

Mixed 

BORNEO 

Padang 

Reboiled 

SUMATRA 

Banco 

Reboiled 

BANCA 

Genuine 

from 

Paiaquium  Sp. 

Soondie 

from 

Payena  Sp 

White 

from 

Unknown  Species 

Mixed  & Reboiled 

from 

Unknown  Species 

Gutta  Resin  Dirt  Water  Gutta  Percha 

(G.J  (R.j  (D.)  (W.)  (G.  + R.) 

Diagram  showing  Components  of  Gutta  Percha. 


Waste 

(D.-^W.) 


Fig.  15. 


I 

II 

III 

I 

II 

III 

I 

II 

III 

I 

II 

I 

II 

III 

I 

II 

I 

II 

III 

I 

II 

Pahang 

Bulongan  Red 

Banjer  Red 

Bagan 

Soondie 

Goolie 

Red  Soondie 

Serapong 

Soondie 

Banjer  White 

Bulongan 

White 

Genuine  from  Paiaquium  Sp. 


Soondie  from  Payena  Sp. 


White  from 
Unknown  Species 


Gutta  Resin  Dirt  Water  Gutta  Percha  Waste 

(G.)  (R.)  (D.)  (W.)  iG.+R.)  (D.  + W.) 

Diagram  showing  Componp:nts  of  Gutta  Percha. 


above  the  datum  line.  The  division  of  the 
different  brands  into  four  distinct  groups  is 
also  shown  on  the  Diagram,  and  you  observe 


others  by  the  greater  elevation  of  the  white  dot, 
indicating  a favourable  ratio  between  pure 
gutta  and  resin.  Other  materials,  on  the 
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contrary,  are  conspicuous  by  their  compara- 
tively large  yield  of  gutta  percha  proper,  but 
the  ratio  between  gutta  and  resin,  as  indicated 
by  the  position  of  the  white  dot,  is  unfavourable, 
e.g.,  Goolie  red  soondie,  and  Banca  reboiled. 
One  of  the  least  favourable  materials,  is,  as 
you  see,  Banjer  white,  it  contains  33^  per 
cent,  water,  and  about  15  per  cent,  of  dirt, 
making  in  all  nearly  50  per  cent,  of  waste  ; the 
position  of  the  white  dot  is  also  pretty  low, 
although  not  quite  as  low  as  in  the  two  reboiled 
materials.  The  cleanest  kind  is  the  Serap07ig 
soondie,  which  contains  only  3J  per  cent,  of 
dirt,  but  it  is  rather  wet,  having  more  than  25 
par  cent,  of  water. 

When  a raw  material  is  very  dirty  and  wet, 
it  is  of  course  already  noticeable  on  cutting 
the  blocks  open,  and  this  is  now  mostly  done 
by  the  dealers  at  Singapore.  The  blocks  are 
then  sorted  out  into  '&Q.NQX2X  grades  (two  or  three, 
sometimes  more),  according  to  their  appear- 
ance, and  valued  separately. 

The  results  represented  by  the  Diagram 
(Fig.  14)  have  been  worked  out  without  taking 
these  grades  into  consideration,  but  in  the 
next  Diagram  (Fig.  15)  average  values  are 
given  for  different  grades  of  each  particular 
brand. ^ 

This  Diagram  shows  that  not  only  the  amount 
of  water  and  dirt  increases,  as  a rule,  from  one 
grade  to  the  next,  but  also  the  relative  propor- 
tion of  gutta  and  resin-;  consequently  the  line 
connecting  the  white  spots  of  the  various  grades 
of  any  particular  brand  is  more  or  less  inclined 
.and  not  horizontal  as  would  otherwise  be  the 
case. 

The  analytical  results  in  Table  IV.  refer  to 
a set  of  six  samples  chosen  from  localities 
lying  as  near  as  possible  to  the  boundary 
linriting  the  growth  of  gutta  percha  plants, 
shown  by  the  rectangular  space  on  the  map 
(Kg-  7)- 

The  samples  are  derived  from  the  following 
Territories  and  Districts,  viz.  : — • 

5.  British  North  Borneo.  2.  East  Borneo 
(Coti).  3.  South  Borneo  (Banjermassin). 
4.  South  Sumatra  (Lampong).  5.  North-east 
Sumatra  (Achin).  6.  North-west  Malacca 
(Penang)  ; they  thus  represent  theN.N.E.,  E., 
S.S.E.,  S.S.W.,  W.,  and  N.N.W.  parts  of  the 
boundary  line. 

In  each  case  the  best  specimen  hitherto 
obtained  from  the  respective  District  was 
selected,  the  object  being  to  demonstrate  that 
good  class  gutta  percha  is  actually  produced 
there,  though  commercially  it  may  be  in  unim- 
portant quantities. 

* A Table  giving^  the  figures  will  be  printed  in  the  Appendix. 
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The  result  of  the  analyses  of  these  samples 
bears  this  out,  except  in  the  case  of  the  sample 
from  Lampong,  the  southernmost  part  of  j 
Sumatra,  which  only  represents  a second-class  | 
material,  so  it  may  just  be  possible  that  the  ! 
southern  limit  of  the  area,  viz.  6°,  is  too 
great,  although,  of  course,  no  definite  con- 
clusion can  be  drawn  to  that  effect.  On 
the  other  hand  it  is  interesting  to  observe 
that  the  sample  from  Achin,  situated  beyond 
the  western  boundary  of  the  area,  yielded 
an  excellent  material,  and  although  the 
quantity  imported  into  Singapore  from  Achinese 
ports  during  the  last  12  years  was  only  15  cwts.. 


very  brief,  as  the  more  generally  interesting 
particulars  have  been  represented  by  Diagrams, 
whilst  the  detailed  information  will  be  given  in 
the  Appendix. 

The  Diagram  (Fig.  16)  shows  the  quantity 
and  value  of  raw  gutta  percha  imported 
into  Singapore,  the  chief  market-place  of 
this  article,  for  each  year  from  1885  to  1896, 
from  the  principal  producing  countries,  and 
you  will  observe  the  extraordinary  fluctuations. 
Look,  for  instance,  at  the  quantity  imported 
from  Sumatra  in  1889,  amounting  to  ovt*r 

39,000  cwts.,  and  compare  it  with  that  in  the 
following  year,  which  is  only  little  more  than 


Fig.  16. 


yet  the  price  paid  for  it  w'as  a high  one,  viz., 
over  2s.  per  pound. 

Here  it  is  therefore  possible,  that  the 
western  boundary  of  the  area  ought  to  be  ex- 
tended, and  considering  that  the  northern  part 
of  Sumatra  is  as  yet  hardly  explored,  it  is  quite 
possible  that  it  will  have  to  be  extended  in  the 
future  to  the  dotted  line  shown  on  the  map. 

Imports  into  and  Exports  from 
Singapore. 

I have  now  arrived  at  the  last  section  of  my 
programme  for  to-night,  the  statistical  and 
Jinancial  part  of  the  subject.  Here  I can  be 


7.000  cwts.  Also  look  at  the  import  from 
“ Other  Dutch  Islands  ” in  1889,  which  is  over 

35.000  cwts.,  whereas  five  years  later,  it  is 
reduced  to  only  63  cwts.  The  shaded  squares 
on  the  Diagram  represent  the  total  imports  into 
Singapore  during  the  12  years  from  each 
particular  country,  and  the  larger  shaded 
squares  the  corresponding  values.  The  largest 
amount  during  this  period  came  from  Sumatra, 
but  the  total  value  of  the  import  from  Borneo 
is  only  about  4 per  cent,  lower  than  that  from 
the  first-named  island,  whilst  the  quantity  is  20 
per  cent,  lower,  which  is  significant  of  the 
respective  qualities  of  the  materials. 
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Fig.  17. 


Fig.  18. 
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Table  V.  gives  the  imports  into  Singapore 
for  the  last  five  years  (1892  to  1896)  from  the 
various  districts  of  Borneo  and  the  Malay 
Peninsula ; it  also  shows  the  values  per  lb.  in 
pence.  This  enables  you  to  form  an  opinion 
about  the  relative  quality  of  the  materials 
produced  in  the  various  districts.  Compare, 
for  instance,  the  values  per  lb.  for  Penang  and 
Kelantan. 


TABLE  V.— Imports  into  Singapore  during  last  Five 
Years  (1892-1896). 


Quantity. 

Cwts. 

Value. 

L 

Value  per  lb. 
Pence. 

BORNEO. 

1 

Brit.  North  Borneo 

1 

4,201 

26,240 

13*4 

Brunei  

279 

2,279 

17-5 

Sarawak  

14,232 

115,842 

17*5 

Borneo  proper 

76,6^8 

560,145 

i5'7 

Labuan  

L443 

11,162 

17*3 

Sulu  Archipelago  ... 

255 

1,347 

ii'3 

MALAY 

PENINSULA. 

Penang  

11,298 

120,560 

22'9 

Perak 

344 

2,378 

14-8 

Selangor  

776 

5,756 

i5'9 

Sungei  Ujong 

189 

1,454 

16-5 

Malacca  

336 

2,206 

20*0 

Johor 

646 

5,342 

17*7 

Pahang  

2,389 

15,911 

I4'3 

Tringganu  

2,088 

12,645 

i3'o 

Kelantan  

1,254 

7,030 

12*0 

The  dotted  curve  (Fig.  17,  p.  132)  shows  the 
quantity  of  raw  gutta  percha  exported  from 
Singapore  during  each  year  from  1845  to  1896. 

The  total  export  of  gutta  percha  from 
Singapore  up  to  the  end  of  last  year  is  82,716 
tons,  and  that  during  the  last  12  years  (1885- 
1896)  alone  30,757  tons,  of  which  23,539  tons, 
representing  a total  value  of  ;^3,8io,9i7,  were 
sent  to  England. 

Imports  into  the  United  Kingdom  and 
Fluctuation  of  Prices. 

The  yearly  imports  into  the  United  Kingdom 
from  various  specified  countries  is  given  in  a 
Table  in  the  Appendix,  but  the  total  amounts  are 
also  graphically  represented  in  Fig.  1 7 (p.  132)  by 
a continuous  line.  The  two  curves  representing 
the  export  from  Singapore  and  import  into  the 
United  Kingdom  are  on  the  whole  concomitant, 
thus  showing  that  the  gutta  percha  exported 
from  that  place  mostly  came  to  these  islands, 
but  there  are  some  interesting  features  which 
should  not  be  passed  over.  Thus,  in  the  year 
1873,  the  imports  to  Great  Britain  largely  ex- 


ceeded the  exports  from  Singapore.  In  that 
year  a large  quantity  of  gutta  percha  was 
imported  to  England  from  Holland  whither  it 
had  been  brought  direct  from  the  Dutch  Indies. 
A good  deal  was  also  purchased  from  other 
European  countries,  which  was  originally  ob- 
tained from  Singapore.  The  high  peak  in  the 
curves  occurring  in  1882  is  largely  due  to  the 
Atlantic  cables  manufactured  at  that  time,  and 
shows  the  great  influence  which  the  cable 
manufacture  has  has  on  the  import  of  gutta 
percha.  Another  significant  feature  is  the 
increased  distance  between  the  two  curves 
during  later  years,  owing  to  the  greater  quan- 
tity of  material  used  by  other  countries. 

The  curve  at  the  lower  part  of  Fig.  17  shows 
the  annual  fluctuation  of  the  value  per  lb.  as 
deduced  from  the  quantity  and  total  value  for 
each  year.  The  horizontal  line  consisting  of 
dots  and  dashes  represents  the  mean  value 
during  the  period  here  considered — viz.,  from 
1854  to  1896,  which  is  17*88  pence. 

It  is  readily  seen  that  the  average  value  per 
lb.  for  any  particular  year  does  not  only  depend 
upon  the  price  of  a standard  material,  but  also 
largely  upon  the  relative  proportion  of  superior 
and  inferior  gutta  percha  imported  during  that 
period. 

I,  therefore,  thought  it  would  be  useful  and 
instructive  to  show  some  further  curves  which 
represent  the  fluctuations  of  price  on  the  Singa- 
pore market  for  certain  recognised  bra?ids  of 
the  material. 

Diagram,  (Fig.  18),  graphically  represents 
these  particulars  for  six  different  brands, 
mostly  of  first  grade,  during  the  last  nine 
years,  the  figures  themselves  will  be  given  in 
the  Appendix. 

The  prices  are  given  both  in  dolla7's  per  picul 
(133^  lbs.)  and  \n  pe?tce  per  lb.,  to  show  how 
greatly  the  rate  of  exchange  influences  the 
price  which  the  manufacturer  has  to  pay 
for  his  material.  That  the  variations  in  the 
exchange  may  sometimes  apparently  reverse 
the  actual  conditions,  can  be  seen,  for  instance, 
from  the  prices  of  “ Pahang  ” in  1893  and  1894 
respectively.  As  the  curves  show,  the  price  per 
picul  in  these  two  years  was  S152  and  Si 80 
respectively,  whereas  that  per  lb.  was  36*76d. 
and  35*2d.,  the  value  of  the  dollar  having  fallen 
from  32*22d.  to  25*92d.,  or  about  20  per  cent., 
during  that  particular  period. 

We  have  now  followed  the  gutta  percha  from 
its  existence  in  the  latex  of  the  plant  until  it 
reaches  the  works,  and  in  our  next  lecture  we 
shall  see  how  the  manufacturer  receives  and 
treats  the  material. 
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Correspondence. 

— — 4 

METALLURGY  AND  METAL  MINING  IN 
AMERICA. 

As  bearing  upon  some  points  in  my  paper  delivered 
before  the  Society  on  November  24th,  certain  statistics 
given  by  Mr.  John  Birkinbine  in  a recent  communica- 
tion to  the  American  Institute  of  Mining  Engineers 
are  worth  repeating.  He  considers  that : — 

“Conservative  estimates  made  of  the  explored  and 
developed  properties,  indicate  that  there  is  practically, 

‘ in  sight  ’ in  the  Mesabi  range,  double  the  amount  of 
iron  ore  that  has  been  shipped  from  the  entire  Lake 
Superior  region  during  the  past  forty  years  of  active 
development.” 

With  regard  to  the  average  value  of  the  ore  at  the 
Lake  Superior  mines,  he  gives  the  following  figures  : — 
“ In  the  eight  years  for  which  statistics  of  domestic 
iron  ore  production  have  been  collected  under  the 
authority  of  the  general  government,  the  output 
ranged  from  eleven  and  a half  to  sixteen  million  tons, 
the  average  for  the  eight  years  approximating  fifteen 
million  tons.  The  average  value  per  ton  of  ore  at 
the  mines,  however,  has  shown  a marked  decline. 
This  value,  in  the  years  named,  was  as  follows : — 


Years.  Dels. 

1889  the  average  value  per  long  ton  of  ore  was  2-30 

1892  „ „ „ ,,  2-04 

1893  „ „ „ „ 1-66 

1894  ,,  „ „ „ 1*14 

*895  » „ „ ,,  1-14 

1896  ,,  ,,  „ „ 1-42 


The  ‘ore-pool’  maintained  prices  for  much  of  1896  ; 
hence  the  apparent  advance  in  that  year.” 

This  low  cost  of  ore  at  the  mines  is,  however,  more 
than  doubled  by  transportation  charges,  as  the  trans- 
portation involves  more  transfers  than  is  usually 
supposed.  Upon  this  point  he  makes  the  following 
interesting  statement : — 

“ It  is  not  necessary  to  detail  in  this  paper  the 
wnde  distribution  of  ores  from  the  Lake  Superior 
region,  Avhich  now  contributes  five-eighths  of  the 
annual  production  of  domestic  iron  ore.  Let  it  suffice 
to  say  that,  taking  into  account  all  the  ore  mined  in 
this  district,  the  average  transportation  by  rail  and 
water  exceeds  800  miles  between  mine  and  furnace, 
and  probably  three-fourths  of  this  ore  is  subjected  to 
three,  and  sometimes  four,  transfers  between  the  time 
when  the  loaded  cars  leave  the  mine  and  the  time 
when  other  cars  deliver  the  ore  at  the  furnaces.  That 
is,  a large  proportion  of  the  ore  mined  in  the  Lake 
Superior  region  is  loaded  on  cars  which,  after  covering 
15  to  100  miles  of  railroad-haul,  are  discharged  into 
the  pockets  of  ore  docks.  The  pockets  hold  the  ore 
until  vessels  are  ready  for  cargoes.  When  the 
2-eceiving  docks  of  the  lower  lakes  are  reached,  the 
ore  is  removed  from  the  vessels  into  cars,  or  placed 
in  stock  piles,  from  which  cars  are  loaded  subse- 


quently, as  the  consumers  require  the  ore,  and  is  | 
finally  unloaded  at  the  furnaces.  , 

“If,  in  addition,  Ave  consider  the  loading  of  ore  | 
underground  in  mine  trams  and  skips,  the  hoisting  of 
the  same  to  the  surface,  the  dumping  of  skips  into  | 
shipping  pockets  or  stock  piles — in  some  cases  sorting  1 
the  ores — and  the  subsequent  loading  of  railroad-cars  ' 
at  the  mines,  the  number  of  transfers  of  much  of  the  ' 
ore  obtained  in  the  Lake  Superior  region  is  from  five 
to  ten.  Where  steam  shovels  are  employed  in  open  i 
cuttings,  the  handlings  may  be  reduced;  but  not-  i 
withstanding  this  apparent  economy,  ores  can  only  ' 
be  mined  and  carried  for  the  distances  above  named  1 
by  the  employment  of  efficient  machinery,  appliances,  1 
and  management,  Avhen  the  basis  price  for  Bessemer  1 
ore  (yielding,  Avhen  dried  at  212°  Fahr.,  63  per  cent, 
of  iron  and  phosphoiais  0*045  cent.)  at  the 

recemng  docks  at  the  lower  lake  ports  is  $2*40  per 
long  ton.” 

That  the  low  cost  at  Avhich  pig  iron  is  noAv  being 
produced  is  largely  due  to  the  elimination  of  hand  1 
labour  the  folloAving  quotation  from  the  same  paper  ^ 
indicates  : — 

“ The  writer  lately  had  opportunity  to  examine  the 
labour  accounts  for  three  consecutive  months  con- 
nected Avith  the  mining  of  coal,  coking  of  the  same, 
mining  of  ore,  transporting  raw  materials  to  furnace, 
the  production  of  pig  iron,  and  the  delivery  of  the 
same  on  cars.  The  total  number  of  days’  labour  at 
mines,  ovens,  furnace,  and  proper  proportion  for 
railroad  transportation,  divided  by  the  total  tons  of 
pig  iron  produced,  gave  a quotient  less  than  four. 
That  is,  pig  iron  is  noAv  being  produced  in  the  United 
States  for  less  than  four  days’  labour  per  ton  of 
metal,  from  the  time  the  native  materials  are 
attacked  underground,  to  the  delivery  of  the  pig 
metal  on  cars  for  shipment.  Such  is  the  competition 
which  the  miners  of  ores  must  be  prepared  to  meet. 
The  books  of  another  blast-furnace  plant  showed 
that  3|-  tons  of  pig  iron  Avere  produced  for  each  day’s  ’ 
labour  connected  with  the  furnace.  In  each  of  the 
above  instances,  every  employe  outside  of  the  office 
force  was  included  in  the  total ; and  \vffiile  each  ■ 
record  may  be  considered  as  exceptional  at  the  > 
present  time,  they  set  a standard  Avhich  all  engaged  ■ 
in  the  production  of  pig  iron  must  expect  to  meet.  ' 
Those  who  supply  ore,  as  well  as  those  who  smelt  it,  ' 
must  be  able  to  reduce  their  labour  costs  to  a '> 
minimum.” 

A further  quotation  from  the  presidential  addre<?s  • 
of  Mr.  Spilsbury,  before  the  American  Institute  of 
Mining  Engineers,  may  be  of  interest.  It  has  been  ^ 
generally  knoAvn  that  Mr.  Edison  has  of  late  devoted 
most  of  his  time  and  energies  to  the  erection  of  a very  J 
elaborate  plant  for  the  concentration  of  some  of  the  • 
leaner  iron  ores  of  New  Jersey.  Upon  this  subject 
Mr.  Spilsbury  says  : — | 

“ I cannot  well  lea\*e  this  branch  of  my  subject  1 
Avithout  calling  to  your  attention  the  remarkable 
Avork  in  the  mining,  crushing,  concentrating,  and  | 
finally  briquetting  of  magnetic  iron  ore,  which  is  I 
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i carried  on  at  the  Ogden  mine  in  New  Jersey  by  Mr. 
ij  Thomas  Edison.  As  a theoretical  development  and 
I improvement  of  the  very  highest  type,  these  works  of 
j 1 his  stand  out  unique ; but  it  has  not  yet  been  demon- 
1 strated  in  regular  practice  that  the  enormous  outlay 
h called  for  by  such  a complete  plant — the  present  plant 
at  Edison  being  reported  as  involving  already  an 
I expenditure  of  one  and  a half  million  dollars— would 
■ be  warranted,  except  in  very  exceptional  cases.  The 
I i experiments  so  far  carried  out  on  some  30,000  tons  of 
(rock  have  demonstrated  the  fact  that  an  ore  averaging 
mot  over  30  per  cent,  of  iron  can  be  quarried  or 
I mined,  transported  by  rail  a quarter  of  a mile  to  the 
.mill,  there  crushed,  sized,  and  re-crushed  to  a fine 
' powder,  the  magnetic  iron  separated  from  the  non- 
, magnetic  gangue,  the  concentrates  mixed  with  a 
i I binder,  then  pressed  into  briquettes,  furnace-dried 
I iind  loaded  on  cars— all  for  less  than  six  cents  per 
unit  of  the  iron  contents  of  the  briquettes.  Even 
'under  the  present  conditions  of  low  prices,  if  the 
(resulting  concentrates  were  low  enough  in  phos- 
Iphorus  to  bring  them  within  the  Bessemer  limit, 
ithe  operation  could  be  carried  on  to  a financial 
I (Success ; but,  unfortunately,  this  is  not  the  case,  and 
; therefore,  until  the  price  of  foundry-pig  shall  advance 
: to  a figure  at  which  it  will  be  profitable  to  purchase 
I of  68  per  cent,  iron  ore  at  six  cents  a unit,  it  is  not 
i probable  that  the  Edison  works  can  be  run  con- 
; tinuously  at  a profit.  It  stands,  nevertheless,  a 
I monument  of  perseverance  in  original  research  which 
I [certainly  desen  es  our  admiration.” 

James  Douglas. 

j 99,  John-street,  New  York. 

I December  13th,  1897. 

I 

General  Notes. 


I Barcelona  Exhibition,  1898. — The  Secretary 
I has  received  from  the  Science  and  Art  Department 
1 information  respecting  the  Fourth  General  Exhibition 
1 of  Fine  Arts  and  Artistic  Industries  to  be  held  at 
I Barcelona  in  1898,  which  has  been  communicated  to 
; the  Foreign-office  by  Her  Majesty’s  Consul  at  Barce- 
I Iona.  The  Exhibition  will  be  precisely  similar  to  that 
! held  in  1896,  and  artists  from  the  countries  of  Europe 
are  invited  to  contribute  specimens  of  their  work.  The 
I ,Fine  Arts  Section  will  include  paintings,  draAvings, 
I engravings,  sculpture,  carving  in  relief,  architecture, 
and  reproductions  of  classic  works  in  painting,  sculp- 
I ture,  &c.  The  Section  of  Artistic  Industries  will 
fjcover  metal,  silver,  and  locksmiths’  work,  jewelleiy^ 

I clay  and  glasswork,  porcelain,  china,  pottery,  &c., 
r|  artistic  carpentry'  and  upholstery,  artistic  tapestry, 

I I worked  leather,  lace,  &c.  By  Article  X.  it  is  enacted 
jithat  the  works  of  foreign  artists  will  be  admitted  free 
Ifcof  all  expense  to  them  as  regard  transport  to  Spain 
I jand  back  to  the  country  of  origin.  The  Exhibition 

will  be  open  from  23rd  April  to  28th  June. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Mei:ting.s. 

January  19. — “The  Projection  of  Luminous 
Objects  in  Space.”  By  Eric  Stuart  Bruce,  M.A. 

January  26. — “Fireproof  Construction  of 
Domestic  Buildings.”  By  Thomas  Potter. 

February  2. — “The  Cinematograph.”  By  Jules 
Fuerst. 

February  9. — “Compensation  to  Workmen.”  By 

A.  D.  Provand,  M.P. 

February  16. — “The  Protection  of  Industrial 
Property.”  By  J.  F.  Iselin,  M.A.,  LL.M. 

Dates  to  be  hereafter  announced: — 

“Kites:  their  Theory  and  Practice.”  By  Captain 

B.  F.  S.  Baden-Powell. 

“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 
“The  Recent  History  of  Papermaking.”  By 
Clayton  Beadle. 

“The  Preparation  of  Meat  Extracts.”  By  C.  R. 
Valentine. 

“ Children’s  Sight.”  By  R.  Brudenell  Carter, 

F.R.C.S. 

“ The  Production  of  Low  Temperatures.”  By 
Professor  J.  A.  Ewing,  F.R.S. 

“ Aerial  Telegraphy.”  By  Professor  SiLYANUS 
P.  Thompson,  F.R.S. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  ; — • 

January  20. — “ Recreations  of  an  Indian  Official.’^ 
By  the  Right  Hon.  Sir  Mountstuart  Elphinstone 
Grant  Duff,  G.C.S.I.,  C.I.E.,  F.R.S. 

February  17. — “The  Plague  in  Bombay.”  By 
Herbert  Mills  Birdwood,  C.S.I.,  M.A.,  LL.D. 
(late  Governor’s  Council,  Bombay). 

March  10. — “India  and  Sir  Henry  IMaine.” 
By  Charles  Lewis  Tupper,  C.S.I.  The  Right 
Hon.  AIountstuart  Elphinstone  Grant  Duff 
will  preside. 

March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S. 

April  21. — “ The  Rise,  Progress,  and  Present 
Position  of  the  Native  Press  of  Western  India.”  By 
R.  P.  K ARK  ARIA  (of  Bombay). 

April  28. — “India  and  Cunency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — Paper  by  Sir  Alfred  Comyns  Lyall, 
G.C.I.E.,  K.C.B.,  D.C.L.  (Member  of  the  Council  of 
India).  (Title  to  be  announced.) 

The  meetings  of  January  20,  February  17, 
and  March  31,  will  be  held  at  the  Imperial 
Institute;  those  of  IMarch  10,  April  21,  April 
28,  and  ]\Iay  19  at  the  Society  of  Arts. 
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Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  afternoons  at  4.30 
o’clock : — 

January  18. — “ My  Recent  Journey  from  the 
Nile  to  Souakim,”  By  Frederic  Villiers. 

February  15. — “ The  Goldfields  of  Klondyke  and 
British  Columbia.”  By  W.  Hamilton  Merritt. 

Dates  to  be  hereafter  announced  : — 

“ The  African  : what  he  is,  and  what  he  is  capable 
of  becoming.”  By  the  Rev.  Godfrey  Dale  (Uni- 
versities Mission  to  Central  Africa). 

“ The  Sugar  Industiy  in  the  West  Indies.”  By 
F.  R,  Tuenell. 


Applied  Art  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  8 
o’clock : — • 

January  25. — “ Renaissance  Woodwork  in  Eng- 
land.” By  J.  Hungerford  Pollen.  William 
Euson  Thomas,  R.I.,  will  preside. 

February  22.— “ The  Regalia  of  England.”  By 
Cyril  Davenport. 

March  8. — “ The  Making  of  a Stained  Glass 
Window.”  By  Lewis  Foreman  Day. 

March  29.^ — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B. 

April  26. — The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  17.— “ Practical  Points  in  Italian  Majolica 
Painting.”  By  AVilliam  Buston,  F.C.S. 


Cantor  Lectures. 

The  following  courses  of  Cantor  lectures 
will  be  delivered  on  Monday  evenings,  at 
Eight  o’clock  ; — 

Cyril  Davenport,  “ Decorative  Book- 
binding.” Three  Lectures. 

Lecture  I.— January  24. — The  beginnings  of 
bookbinding — Assyrian  clay  tablets  in  their  cases — 
Egyptian  papyrus  rolls  ■ — • Vellum  rolls  — Roman 
diptychs — Mediaeval  bindings  in  carved  ivory,  and 
metal  covers  with  gems  and  enamels — Decorative 
bindings  in  Europe  and  the  East  up  to  and  including 
the  15th  century. 

Lecture  II. — January  31. — Decorative  book- 
binding in  Continental  Europe,  chiefly  Italy,  France, 
and  Germany,  from  the  i6th  to  the  i8th  centuries 
inclusive,  with  some  notice  of  Oriental  bindings. 

Lecture  III. — February  7. — Decorative  book- 
binding in  England  from  the  i6th  to  the  i8th  century 
— Gold  and  enamelled  bindings  made  for  Henry  VHI. 
and  Queen  Elizabeth — Bindings  embroidered  on 


velvet  of  the  Tudor  period,  and  on  satin  during  the 
17  th  century — Gold  tooled  work  by  Thomas  Berthelet 
in  the  16th  century,  by  Samuel  Mearne  in  the  17th 
century,  and  by  Roger  Payne  in  the  i8th  century,  and 
the  influence  of  these  great  binders  upon  the  art. 

Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

February  14,  21,  28,  March  7. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.” 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.’* 
Four  Lectures. 

May  2,  9,  16,  23. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Jan.  3... Chemical  Industry-  (London  Section),  P.ur- 
lington-house,  W.,  8 p.m.  i.  Prof.  H.  R.  Procter 
and  Dr.  J.  G.  Parker,  “ Standard  Methods  of 
Tanning  Analysis  as  adopted  by  the  International 
Association  of  Leather  Trades  Chemists,  with  re- 
marks thereon.’'  2.  Dr.  J.  G.  Parker,  “Extrac- 
tion of  Tanning  Materials  at  various  tempera- 
tures.” 3.  Messrs.  J.  H.  Coste  and  E.  J.  Parry, 
“ Neatsfoot  Oil.” 

A’ictoria  Institute,  8,  Adelphi -terrace,  W.C.,  4J  p.m. 
Rtv.  John  Tuckwell,  “Ancient  Civilisations.” 

London  Institution,  Finsbury-circus,  E.C.,  4 p.m. 
(Juvenile  Lecture.)  Air.  F.  Enock,  “Insects  at 
Aleals.”  (Lecture  III.). 

Tuesday,  Jan.  4. ..Royal  Institution,  Albemarle-street,  W., 
3 p m.  (Juvenile  Lecture.)  Prof.  Oliver  Lodge, 
“ The  Principles  of  the  Electric  Telegraph.” 
(Lecture  IV.) 

Pathological,  20,  Hanover- square,  AV.,  8^-  p.m. 

Wednesday,  Jan.  5... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  7 p.m.  (Juvenile  Lecture  ) Prof. 
Ramsay,  “ Fire.”  (Lecture  I.) 

Geological,  Burlington-house,  AV.,  8 p.m.  i.  Air.  A. 
A’aughan  Jennings,  “The  Structure  of  the  Davos 
A’alley.”  2.  Air.  C.  Fox-Strangways,  “Sections 
along  the  Lancashire,  Derbyshire,  and  East  Coast 
Railway,  between  Lincoln  and  Chesterfield.” 

Thursday,  Jan.  6.. .Royal  Institution,  Albemarle  - street, 
AV.,  3pm  (Juvenile  Lecture.)  Proi.  Oliver  Lodge, 
“ The  Principles  of  the  Electric  Telegraph.” 
(Lecture  V.) 

Friday,  Jan.  7 ...  Geologists’  Association,  LTniversity 
College,  AV.C.,  8 p.m.  Air.  L.  L.  Belinfante, 
“ A Brief  Account  of  the  Excursions  in  the 
Urals,  down  the  Volga,  in  the  Caucasus,  &c., 
made  in  connection  with  the  International  Geo- 
logical Congress  held  in  Russia,  August-Septem-  | 
ber,  1897.” 

Quekett  Alicroscopical  Club,  20  Hanover-square,  1 
AA'.C.,  8 p.m. 

Saturd.\y,  Jan.  8 ...  Botanic,  Inner  Circle,  Regent’s- 1 
park,  N.AA^.,  3|-  p.m.  j 
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the  Secretary,  John-street,  Adelphi,  London,  IV. C. 


Notices. 


JUVENILE  LECTURES. 

On  Wednesday  evening-,  5th  inst..  Professor 
William  Ramsay,  Ph.D.,  F.R.S.,  delivered 
the  first  lecture  of  his  course,  addressed  to  a 
juvenile  audience  on  “ Fire.”  After  alluding- 
to  the  views  of  the  ancients  respecting  the 
supposed  four  elements,  and  the  belief  in  the 
substantial  entity  of  fire,  which  some  races 
have  worshipped,  and  referring  to  the  old 
chemical  theory  of  phlogiston,  not  finally 
abandoned  until  the  researches  of  Lavoisier 
on  combustion  were  universally  accepted,  he 
illustrated  the  principles  of  combustion,  by  a 
series  of  experiments.  He  burnt  a diamond, 
thus  proving  that  the  diamond  and  carbon 
were  the  same  substance,  because  the  pro- 
ducts of  combustion  were  the  same,  and 
carbonic  acid  was  obtained  from  both ; the 
diamond,  in  fact,  was  crystallised  carbon. 
He  burnt  steel  wire  in  oxygen,  and  showed 
how,  by  striking  iron  pyrites  with  steel, 
sparks  were  obtained  just  as  with  flint  and 
steel.  He  then  experimented  on  flam.es, 
and  explained  why  blowing  a fire  improved 
the  flame,  and  why  blowing  a candle  flame 
extinguished  it.  He  showed  how  easy  it  was 
to  blow  out  a candle,  less  easy  to  blow  out 
gas,  and  most  difficult  to  blow  out  the 
hydrogen  flame. 

[ The  lecturer  then  answered,  the  question 
‘What  is  a flame?”  It  is  hollow,  and  has 
an  outside  and  an  inside,  which  can  be  made 
|;o  part  company.  He  proved  how  much  cooler 
;he  inside  of  the  flame  is  than  the  outside  by 
hrusting  a lucifer  match,  and  a spoon  with 
hunpow'der  into  the  centre,  the  explosion  of 
'?ach  not  taking  place  for  some  seconds.  He 
ihen  showed  how  the  incandescent  gas  light 
vas  obtained  by  the  use  of  a mantle  soaked  in 
L solution  of  yttrium. 

I Professor  Ramsay  having  dealt  in  this  lecture 
v'ith  combustion,  will  treat  of  some  other  kind 
f fire  in  his  second  lecture,  to  be  delivered  on 
Vednesday  evening  next,  12th  inst. 


Proceedings  of  the  Society. 

^ 

CANTOR  LECTURES. 

GUTTA  PP:RCHA. 

By  Dr.  Eugene  F.  A.  Orach, 

F.LC..  F.C.S.,  M.I.E.E. 

Lecture  II. — Delivered  December  6,  1897. 

The  Cleaning  Processes. — Mechanical  cleaning  process — 
Loss  during  mechanical  cleaning — Chemical  washing  pro- 
cess— Chemical  hardening  process — Extraction  from  raw 
material  and  from  leaves  by  means  of  solvents — Advantages 
and  disadvantages  of  the  different  processes — Natural  sub- 
stitutes for  gutta  percha,  including  balata. 


In  the  previous  lecture,  I mentioned  that  the 
first  specimens  of  gutta  percha  brought  to 
Europe  from  which  any  practically  useful 
results  accrued,  were  those  sent  to  the  Society 
of  Arts  by  Dr.  William  Montgomerie  in  1843, 
and  I should  now  like  to  show  you  on  the 
screen  the  portrait  of  this  gentleman,  repro- 
duced from  a photograph  ^ belonging  to  his 
daughter.  Miss  Edith  Montgommrie,  who  has 
kindly  lent  it  me  for  that  purpose.  Dr.  Mont- 
gomerie was  born  at  Irvine,  Ayrshire,  X.B., 
in  1797,  and  therefore  just  100  years  ago;  he 
died  at  Barrackpore,  near  Calcutta,  March 
22nd,  1856. 

Mechanical  Cleaning  Process. 

To-night  we  have  to  consider  the  various 
cleaning  processes  to  which  the  raw  gutta 
percha  is  subjected  after  reaching  the  premises 
of  the  manufacturer,  and  I will  begin  with  the 
mechanical  cleaning  process. 

The  first  patent  specification  in  which  refer- 
ence is  made  to  the  cleaning  of  gutta  percha, 
is  one  by  Richard  Archibald  Brooman  (No. 
10,550  O.L.),  dated  March  ii,  1845,  and  en- 
titled as  follows,  viz.  : — Employitig  Gulla 
Percha  in  the  Manufacture  of  AtLificial 
Fuels,  Mastics,  and  Cements.  The  invention 
is  described  as  having  been  communicated 
from  abroad,  but  it  appears  that  the  true 
inventor  was  no  other  than  Charles  Hancock, 
the  patentee  of  several  other  inventions  relating 
to  gutta  percha,  as  I have  been  informed  by 
his  son,  Mr.  Walter  Hancock. 

Brooman  describes  apparatuses  for  washing 
and  kneading  gutta  percha,  and  illustrates 
them  by  diagrams  which  are  reproduced 
here.  Diagram  Fig.  19  shows  the  washitig 
machine  (i) ; it  consists  of  two  smooth  rollers, 
and  C“,  rotated  in  opposite  directions,  and 
with  different  speeds  by  means  of  the  toothed 


* Will  be  printed  in  the  Appendix. 
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wheels,  and  D~.  The  rollers  are  almost 
completely  immersed  in  water  in  a tank  pro- 
vided with  a steam-jacket  for  heating  the 
water.  The  gutta  percha  is  put  between  the 
rollers  and  passed  through  them  several  times 
in  succession,  until  it  appears  sufficiently 
clean.  Fig.  19  also  shows  the  k?ieadmg 
machine  (2  and  3)  in  section.  It  consists  of  a 
grooved  roller,  M,  rotating  concentrically  in 
an  iron  shell  surrounded  by  hot  water.  The 
shell  is  provided  with  a hinged  lid,  L,  which 
can  be  kept  closed  by  bolts,  o.  The  softened 
charge  of  gutta  percha,  Q,  is  taken  round  and 
round  by  the  roller,  M. 

The  next  patent,  referring  to  the  cleansing 
of  gutta  percha,  is  one  taken  out  by  Charles 


Application  of  Gtitta  Pe7'cha.  Here  a machine 
is  described  and  illustrated  for  slicing  the  raw 
material,  and  another  for  still  further  dis- 
integrating it.  Diagram  Fig.  20,  which  is 
a reproduction  of  the  drawing  in  the  patent 
specification  (i,  2,  and  la)  represents  the  slicing 
7nachine.  B is  a heavy  iron  disc  with  three 
slots,  each  provided  with  a knife  resembling 
the  blade  of  a plane  or  spokeshave.  The  disc 
is  rotated  by  means  of  a shaft,  B^,  and  the  lumps 
of  raw  gutta  percha  are  thrown  into  a hopper,  D, 
whence  they  drop  against  the  disc  and  are 
cut  into  slices  by  the  knives  on  passing.  The 
other  arrangement,  which  may  be  termed  a 
breaking  a?id  mhichig  machine,  is  shown 
at  (3)  ; it  is  a rather  complicated  one,  its 


Fig.  19. 


X. 

E 


(Kneading  Machine.) 

R.  A.  Broo man’s  Patent  of  March  ii,  1845. 


Hancock  in  his  own  name  (No.  11,032  O.L.), 
on  January  12th,  1846,  under  the  title  : Manu- 
fachtre  a7td  Application  of  Gutta  Percha. 
In  this  specification  a method  is  proposed  for 
purifying  gutta  percha  by  straining  it  in  the 
hot  and  plastic  state  through  wire  gauze 
under  pressure  ; but  mention  is  here  already 
made  of  cleansing  the  raw  material  by  dis- 
solving it  in  oil  of  turpentine  or  other 
suitable  solvent,  and  filtering  the  solution 
through  wire  gauze,  flannel,  or  other  fabric, 
afterwards  distilling  off  the  solvent  to  recover 
the  gutta  percha. 

The  third  patent  (No.  11,575  O.L.)  of  Feb. 
loth,  1847,  was  likewise  taken  out  by  Charles 
Hancock,  under  the  title  : Preparation  aitd 


object  being  to  tear  up  the  material  into  shreds, 
in  order  to  expose  the  dirt  enclosed  therein. 
The  slices  from  the  first  machine  are  first; 
softened  in  hot  water,  and  then  thrown  into  the; 
hopper,  H,  on  the  left  side  of  the  long  trough,  T. 
This  trough  is  divided  into  three  compartments,!  ^ 
F,  t“  and  F,  containing  cold  water.  The  sofll  • 
gutta  percha  in  the  hopper  is  taken  up  by  thei  1 
feeding  rollers,  G’,  and  forced  against  the|  1 
rapidly  rotating  breaker,  provided  with  c 
number  of  serrated  blades  on  its  periphery.;  1 
The  disintegrated  material  falls  into  the  water  | 
the  heavy  dirt  sinking  to  the  bottom,  whilst  thej 
lighter  gutta  percha  floats  and  is  taken  up  b3i 
the  endless  web,  H-,  which  carries  it  to  thel 
next  pair  of  feeding  rollers,  and  they  irj  ■ 
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their  turn  force  it  against  the  second  breaker,  j 
F“.  This  operation  is  repeated  once  more  at  ' 
F^.  The  material  then  passes  to  the  mincer,  K,  I 
where  it  is  cut  up  by  means  of  rotating  knives, 
passing  close  to  fixed  ones  in  the  block,  L. 
The  agitator,  M,  stirs  it  up  in  the  water  and 
throws  the  lighter  gutta  percha  towards  the 
endless  band,  N,  which  lifts  it  up  to  the  first 
pair  of  rollers,  R,  which,  with  the  succeeding 
rollers,  compress  the  material  into  a sheet ; 
the  latter  is  then  taken  up  by  the  endless  web, 

0,  and  passed  through  the  two  large  rollers, 
and  Y^,  round  the  wooden  drum,  u,  and 
then  to  the  taking-up  roller,  v.  The  apparatus. 


softened  in  hot  water,  or  the  lumps  are  directly 
placed  in  hot  water  and  the  soft  material 
transferred  to  the  washing  machine.  There  it 
is  wished  with  plenty  of  hot  water  for  a 
longer  or  shorter  time,  according  to  circum- 
stances, and  then  passed  through  a strainer. 
After  straining,  it  is  mostly  washed  once 
more,  then  put  into  the  kneading  or  mas- 
ticating machine,  to  consolidate  it  and  remove 
the  mechanically  enclosed  water,  and  finally 
it  goes  to  the  rolling  mill,  where  it  is  made 
intd’  sheets  of  various  thicknesses.  I will 
now  show  you  these  different  machines  on 
the  screen. 


Fig.  20. 


Charles  Hancock’s  Patent  of  February  io,  1847. 


n a simplified  form,  is  still  in  use  at  some 
■fv^orks  under  the  name  of  ticker,  and  I have 
jiere  some  gutta  percha  in  “ flocks,”  which  has 
Itvidently  been  produced  in  some  such  way. 

Ialso  have  some  very  thin  “strippings,” 
htained  by  passing  the  material  between 
losely-set  rollers,  and  which  are  in  a very 
^'avourable  condition  for  further  treatment. 

I Those  were  the  early  machines  used  for 
leansing  gutta  percha  ; at  the  present  day, 
arious  systems  are  employed  by  different 
lanufacturers,  but  generally  speaking  it  may 
■e  said,  that  the  raw  gutta  percha  is  either 
rst  cut  up  in  a slicing  machine  and  then 


The  slicing  machine  or  chopper  (Fig.  21),  at 
present  in  use,  is  still  pretty  much  the  same  as 
that  proposed  by  Hancock  50  years  ago,  except 
that  it  is  provided  with  a greater  number  of 
fluted  and  serrated  knives,  instead  of  only  three 
plain  ones.  The  enlarged  section  shows  how 
the  knives  are  fixed  in  the  slots  of  the  heavy 
iron  disc.  The  blocks  of  raw  gutta  percha  are 
packed  into  the  trough,  shown  in  the  illustra- 
tion, and  are  then  forced  against  the  rotating 
disc  by  the  piston,  which  is  advanced  by  a rack 
and  pinion.  The  slices,  cut  off  by  the  knives, 
fall  into  the  rectangular  box  shown  in  outline 
in  the  drawing.  I have  here  a basket  filled 
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with  this  sliced  material,  and  I purposely 
selected  a gutta  percha  containing  a large 
amount  of  wood  and  bark. 

The  washmg-  machine  (Fig.  22),  consists  of 
an  iron  roller  of  star-shaped  section,  enclosed 
in  a cylindrical  shell  provided  with  one  or  two 


from  time  to  time  withdrawn  through  one  of 
the  little  doors  shown  in  the  illustration.  The 
washing  process  is  carried  on  until  samples 
taken  from  the  charge  appear  sufficiently  clean. 

The  straining  machhie  is  shown  in  Fig.  23. 
The  gutta  percha,  in  the  plastic  state  as  it 


Fig.  21. 


Slicing  Machine  or  Chopper. 


projections  or  ribs,  against  which  the  gutta 
percha  is  forced  in  going  round.  The  difference 
between  the  modern  washer  and  that  proposed 
in  Brooman’s  patent  specification  is,  that  it 
has  only  the  one  fluted  roller,  whereas  the  old 
machine  had  two  smooth  ones,  working  against 


comes  from  the  washer,  is  put  into  a strong 
iron  cylinder  with  a perforated  bottom,  on 
which  a number  of  discs  of  fine  wire  gauze 
have  previously  been  placed.  The  piston  is, 
then  driven  down  by  means  of  the  hydraulii; 
cylinder  and  force  pump,  and  the  soft  guttc' 


Fig.  22. 


each  other.  As  shown  in  Fig.  22,  the  cylin- 
drical shell  is  enclosed  in  a large  iron 
case,  which  is  filled  with  water,  heated  by 
means  of  direct  steam.  The,  dirt  which  is 
washed  off,  falls  through  the  lower  part  of  the 
cylindrical  shell  into  the  outer  case,  whence  it  is 


percha  squeezed  through  the  fine  meshes  ( 1 
the  gauze  into  a collecting  tray  undemeatl  ) 
Considerable  pressure  is  required  for  th 
operation,  varying  between  14  and  18  cwt' 
per  square  inch,  according  to  the  stiffness  \ 
the  material. 
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The  kneading  7uachi7ie  or  “ masticator”  is 
illustrated  in  Fig.  24.  In  general  appearance 


catches.  The  gutta  percha  is  kept  hot  during 
mastication,  and  the  water  escapes  in  the  form  of 

Fig.  23. 


t resembles  the  washer,  but  the  roller  has  a 
ismaller  diameter,  and  the  flutings  are  more 


steam  through  the  large  openings  at  the  top. 
The  washers  usually  hold  about  | cwt.,  the 


Fig.  24. 


Kneading  Machine  (Masticator). 

jumerous  and  not  so  deep.  The  hinged  lid  can  I masticators  i cwt.,  and  the  strainers  ^ cwt.  of 
kept  down  by  means  of  a bar  and  suitable  gutta  percha. 
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The  mixmg  7nachine  (Fig.  25)  was  intro- 
duced by  my  friend,  Mr.  Paul  Pfleiderer,  about 
20  years  ago,  under  the  name  “ Universal 
Kneading  and  Mixing  Machine.”  It  is  largely 
used  in  the  chemical  industry,  the  india- 
rubber  and  linoleum  manufacture,  &c.,  and  it 
consists  of  two  iron  rollers,  provided  with 


between  | and  ^ inch,  and  it  is  then  cut  up  into 
lengths  of  5 or  6 feet  for  stacking  in  the  cellar 
until  required  for  use. 

The  7'olling  7nill  is  shown  in  Fig.  26.  The 
soft  gutta  percha  from  the  kneading  machine 
is  laid  on  a table,  in  front  of  a pair  of  parallel 
rollers  ; it  is  then  pushed  up  against  the  rollers, 


Fig.  25. 


“ Universal  ” Mixing  Machine. 


peculiarly  shaped  blades,  which  work  against 
one  another,  as  shown  by  the  arrows.  The 
machine  is  used  for  intimately  mixing  the 
various  sorts  of  gutta  percha,  in  order  to 
obtain  a material  of  any  requisite  properties. 
It  can  also  be  used  for  blending  gutta  percha 
with  pigments  or  other  ingredients  for  special 


and  squeezed  through  in  the  form  of  a sheet, 
which  is  taken  up  by  an  endless  band,  on 
which  it  travels  some  distance  to  and  fro  until 
it  is  sufficiently  cool  and  hard  to  be  cut  into  the 
shorter  lengths  for  storing. 

I should  now  like  to  draw  your  attention  for 
a moment  to  some  of  the  exhibits.  I have 


Fig.  26. 


purposes.  I need  hardly  say  that  the  rollers 
can  be  heated  by  means  of  steam,  but  heat 
is  also  developed  by  the  kneading  process 
itself,  and  one  has  to  be  careful  not  to  over- 
heat the  material  and  thereby  injure  it. 

After  mastication,  the  gutta  percha  is  rolled 
:>ut  into  a sheet  of  suitable  thickness,  usually 


already  pointed  out  to  you  the  basket  with  the, 
slices  as  they  come  from  the  chopper.  B3/1 
the  side  of  it  is  another  one,  containing  the| 
original  blocks  of  the  same  material.  On  thal! 
table  you  see  a full-sized  charge  ready  for  thci 
washing  machine,  still  containing  most  ol| 
the  dirt  embedded  in  it ; next  to  it  there  is  aj 
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charge  which  looks  much  cleaner,  as  it  has 
been  in  the  washer  for  some  time  ; and  this 
roll  here  is  quite  clean,  having  successively- 
passed  through  the  washer,  strainer  and 
masticator.  A number  of  clean  sheets  of 
dilferent  brands  of  gutta  percha,  as  they  come 
from  the  rolling  mill,  are  also  exhibited  for 
your  inspection. 

Here  is  a small  working  model  of  three 
washers  in  a hot-water  tank,  and  a little  mas- 
ticator, similar  to  those  which  I described  to 
you.  I am  going  to  drive  these  miniature 
machines  by  means  of  an  electric  motor,  and  we 
shall  then  actually  carry  out  the  washing  and 
masticating  processes  in  your  presence. 

We  have  determined  the  percentage  of  water 
and  dirt  in  various  kinds  of  gutta  percha  at 
different  stages  of  the  mechanical  cleaning 
process,  and  the  average  result  obtained  with 
several  materials,  is  shown  in  Diagram  Fig.  27. 


Some  of  it,  viz.,  about  3 per  cent.,  is  re- 
moved during  the  preparation  for  the  washer  ; 
but  most  of  it  disappears  during  the  first  wash- 
ing  operation.  The  straining,  on  the  other 
hand,  hardly  affects  the  percentage  of  dirt,  and 
this  operation  is  carried  out  more  for  safety’s 
sake,  to  prevent  any  larger  pieces  of  dirt, 
especially  of  a fibrous  kind,  being  left  in  the 
cleaned  material.  The  second  washing  process 
following  the  straining,  is  again  effective,  as 
it  removes  nearly  another  half  per  cent.  The 
remaining  i*8  per  cent,  of  impurities  would  be 
admissible  for  most  practical  applications ; but 
for  special  purposes,  it  may  have  to  be  still 
further  reduced. 

The  result  of  an  experiment  on  straining  is 
given  in  Table  VI.  The  object  of  this  experi- 
mentwas  to  determine  the  amount  and  character 
of  the  impurities  retained  by  the  gauze  dia- 
phragm of  the  strainer  from  a definite  quantity 


Water 


Dirt 


Chopped 


II 

Softened 


III 

Once  washed 


IV 

Strained 


V 

Twice  washed 


VI 

Rolled  out 


Water  and  Dirt-Driving  Mechanical  Cleaning  Process. 


Let  us  first  consider  the  water.  The  material 
ks  it  comes  from  the  chopper,  contains  21  "5  per 
':ent.,  this  is  reduced  to  14-4  per  cent,  during 
he  softening  and  preliminary  preparation  for 
he  washer  ; but  curiously  enough,  the  water 
.ictually  diminishes  in  the  washer  to  about  13  per 
, ent.,and  then  remains  constant  until  it  reaches 
ihe  rolling  mill,  when  it  loses  another  2 per  cent. 
!>y  evaporation.  This  seemingly  paradoxical 
iesult  is  to  be  ascribed  to  two  causes,  viz,  : 
jhe  consolidation  of  the  material  in  the  washer, 
jy  pressure,  and  the  removal  of  the  dirt,  which 
jn  account  of  its  porous  nature,  encloses  a 
iirge  amount  of  water. 

As  regards  the  dirt,  we  observe  that  the 
hopped  material  encloses  12*8  per  cent. 

i 


of  washed  gutta  percha.  The  diaphragm  con- 
sisted of  three  superimposed  discs  of  wire  gauze, 
the  upper  one  being  of  iron  wire,  and  having 
68  meshes  to  the  linear  inch  ; the  middle  and 
lower  discs  were  of  brass  wire,  and  had  100 
meshes  to  the  inch.  Twelve  charges  of  ^ cwt. 
each  were  forced  successively  through  the 
strainer,  after  which  the  diaphragm  was 
removed  and  the  adhering  gutta  percha  dis- 
solved by  carbon  disulphide.  The  discs  were 
then  taken  apart,  the  dirt  carefully  scraped 
from  each , separated  into  ‘ ‘ fibrous,  ’ ’ ‘ ‘granular,  ’ ’ 
and  “ magnetic,”  and  weighed.  Part  of  the 
magnetic  substances  was  probably  present  in 
the  raw  gutta  percha,  but  some  of  it  has  no 
doubt  got  into  the  material  by  abrasion  from 
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the  iron  machinery  with  which  it  had  come  into 
contact  during  the  preceding  cleaning  process. 
The  figures  show  that  in  each  case  the  coarse 
68-mesh  strainer  on  the  top  contained  by  far  the 
largest  amount  of  impurities,  and  that  a little 
dirt  which  passed  the  intermediate  loo-mesh 
gauze  was  removed  by  the  next  gauze  disc  of 
equal  fineness.  Altogether  2*179  grammes  of 


TABLE  VI. — Straining  Experiment. 
(6  cwts.  passed  through  triple  strainer.) 


Descriotion 

of 

Impurities. 

Weight  of  impurities  found  on  strainer^. 

Top 

strainer. 

(68-mesh.) 

Intermed. 

strainer. 

(lOO-mesh.) 

Bottom 

strainer. 

(loo-mesh.) 

All  three 
strainers. 

p-irg 

gr. 

gr. 

gr. 

gr. 

Fibrous 

0*722 

0*425 

0*062 

1*209 

Granular  ... 

o‘433 

0*221 

0*051 

0*705 

fen  » , 

Magnetic  .. 

0*170 

0*081 

0*014 

0*265 

Total  ... 

i‘325 

0*727 

0*127 

2*179 

gi-. 

Impurities  retained  on  strainers 2*179 

,,  removed  in  G.  P 0*430 

Total 2*609 


Gutta  Percha  retained  on  strainers,  160  gr. 

dirt  were  found  on  the  three  gauze  discs,  the 
fibrous  constituent  thereof  amounting  to  over 
one  half.  To  this  has  to  be  added  the  dirt 
found  in  the  gutta  percha  extracted  with  the 


solvent,  viz.  0*43  g.,  making  a total  of  2*609  g- 
The  quantity  of  gutta  percha  from  which  this 
dirt  had  been  abstracted  by  straining  being 
6 cwts.,  it  is  easily  seen  that  the  percentage 
of  dirt  cannot  have  been  perceptibly  affected.  | 

Loss  DURING  Mechanical  Cleaning.  ' 

The  loss  or  “ waste  ” which  raw  gutta  percha 
sustains  during  cleaning  and  drying  is  some- 
times a very  heavy  one,  and  occasionally 
reaches  fully  50  per  cent. 

Diagram  Fig.  28  represents  the  percentage 
yield  of  clean  gutta  percha  obtained  on  cleaning 
a number  of  raw  materials  of  each  of  the  12 
different  “brands,”  mentioned  in  my  first 
lecture.  For  direct  comparison  I also  give  in 
the  Diagram  the  corresponding  percentages 
of  gutta  percha  proper,  calculated  from  the 
analyses  of  small  samples  of  the  same  raw 
materials  which  were  eventually  cleaned  in 
the  works,  the  column  marked  (A)  showing  the 
results  of  the  laboratory,  and  that  marked  (B) 
those  of  the  works.  The  thinner  black  line  tc 
the  left  of  (A)  shows  the  percentage  of  gutta, 
percha  proper  for  each  particular  brand  obtained 
from  the  analyses  of  a much  greater  number  oil 
individual  lots,  and  is  taken  from  Diagrarr 
Fig.  14  of  the  first  lecture.  A comparison  of  the 
length  of  the  black  column  (A)  with  that  of  the! 
thin  line  by  its  side  shows  therefore  to  whail 
extent  the  lots,  for  which  both  analytical  anc 
practical  data  had  been  available,  really  repre 
sent  the  particular  “ brand  ” of  gutta  percha. 


Fig.  28. 


Gutta  Percha  found  by  Analysis  and  on  Actual  Cleaning. 
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‘I  According’  to  the  Diagram  the  percentage 

I of  gutta  percha  actually  obtained  in  the  works 
ji|  is  in  almost  every  instance  lower  than  that 
determined  by  analysis,  i.e.\  column  (B)  is 
invariablya  little  shorter  than  column  (A).  The 
, reason  of  this  discrepancy  is  not  far  to  seek, 
i When  the  small  sample  of  raw  gutta  percha  is 
taken  for  analysis,  it  is  almost  impossible  to 
prevent  loss  of  moisture  and  dirt ; moreover, 
the  larger  enclosures,  such  as  stones,  pieces  of 
bark,  (S:c.,  are  not  represented,  and  therefore 
evade  analysis.  An  allowance  for  these  omis- 
sions has  therefore  to  be  made  in  estimating 
the  actual  yield  of  clean  gutta  percha  from 
the  analysis  of  its  raw  material,  which  depends 
on  the  particular  class  of  material  under  con- 
sideration ; but  may  be  taken  on  the  average 
as  9 per  cent,  of  the  gutta  percha  proper 
found  by  analysis,  or  roughly  speaking,  6 per 
cent,  of  the  original  raw  material. 
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the  denser  clean  material ; the  resin  is  there- 
fore more  completely  removed  from  the  former 
than  from  the  latter.  The  slightly  higher 
position  of  the  dot  indicating  the  ratio  E in 
column  (B)  as  compared  with  that  in  column 
(A)  is  clearly  indicated  in  the  Diagram.  The 
exact  figures  will  be  given  in  a Table  in  the 
Appendix. 

Diagram  Fig.  29  represents  the  average  per- 
centage loss  obtained  on  cleaning  large  quan- 
tities of  raw  gutta  percha  of  various  kinds  for 
each  of  the  last  20  years.  The  results  are 
significant,  showing  that  this  loss  gradually 
increased  from  22-5  per  cent,  in  1877  32-2 

percent,  in  1880,  35*6  per  cent,  in  1885  and 
44*6  per  cent,  in  1890  ; the  mean  loss  during 
the  entire  period  being  about  33^  per  cent. 
This  Diagram  also  gives  the  average  percentage 
of  dirt  found  in  the  same  lots  of  raw  gutta  percha 
by  analysis  for  each  year  from  1885  to  1896, 
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I As  before,  the  ratio  is  represented  in 

|the  Diagram  by  the  height  of  the  white  dot  in 
the  corresponding  black  column,  and  it  is 
interesting  to  observe  that  this  ratio  is  on  the 
whole  more  favourable  in  the  case  of  cleaned 
gutta  percha  than  in  that  of  raw  materials. 
The  reason  is  that  when  the  resin  is  extracted 
from  the  raw  material  during  analysis,  a little 
Iresinous  matter  is  also  abstracted  from  the  wood 
ind  bark,  whereas  this  is  not  the  case  with 
|:leaned  gutta  percha.  Another  reason  is  that 
'aw  gutta  percha  is  more  porous  and  con- 
'sequently  more  pervious  to  the  solvents  than 


and  the  total  waste  thus  obtained  and  cor- 
rected as  explained  before. ^ A Table  giving 
the  actual  figures  will  also  be  published  in  the 
Appendix.  To  a certain  extent,  the  percentage 
of  waste  goes  hand  in  hand  with  the  quantity 
of  raw  gutta  percha  imported  into  the  United 
Kingdom,  as  a comparison  of  the  respective 
curves  shows  ; but  roughly  speaking,  one  may 
say,  that  at  the  present  tim.e  it  is  almost  twice 
as  great  as  it  was  20  years  ago. 

You  may  have  noticed  the  comparatively  fine 
dirt,  chiefly  wood  and  bark,  contained  in  most 


.Shown  on  the  Diagram  by  crosses. 
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of  the  raw  materials  which  I showed  you  on  the 
last  occasion,  and  to-night ; but  frequently 
larger  pieces  of  various  foreign  substances  are 
fraudulently  hidden  in  the  blocks.  One  may, 
I think,  term  this  big  lump  of  quartz  a rather 
‘‘  coarse  impurity,”  as  it  weighs  over  3 lbs. 
Notice  also  these  large  quartz  crystals,  and 
those  pieces  of  metal.  I have  here  quite  a 
collection  of  such  rarities,”  which  have 
been  found  embedded  in  blocks  of  raw  gutta 


i 

shown  in  Fig.  30  explain  themselves  ; to  some  j 
of  them,  however,  I shall  recur  presently.  If  ' 
stones  or  metal  are  enclosed  in  the  blocks,  the 
knives  of  the  chopper  will  be  seriously  injured, 
and  if  they  should  get  into  one  of  the  washing 
machines  the  damage  may  be  considerable,  1 
unless  frictional  driving  is  resorted  to,  which  ' 
is  very  advisable.  Here,  for  instance,  is  a 
small  iron  stamp  (Fig.  30,  No.  2),  such  as  is 
used  for  marking  block  tin,  which  was  found  i 


Fig.  30. 


Foreign  Bodies  found  in  Raw  Gutta  Percha. 


percha,  and  I thought  it  might  be  worth 
while  to  photograph  them  for  reproduction  in 
the  Jou7'nal  (Fig.  30).  No.  i shows  three 
iron  axes,  such  as  the  natives  use  for  felling 
trees,  and  with  which  we  have  already  become 
acquainted  in  the  previous  lecture  under  the 
name  of  “ billiongs.”  Nc.  3 represents  pieces 
of  wood,  one  of  them  showing  the  marks  of 
the  serrated  chopper  knives  with  which  4t 
came  into  collision.  Most  of  the  other  articles 


only  a few  months  ago,  when  it  was  already 
too  late,  that  is,  after  it  had  got  into  one  of 
the  washers  and  damaged  it  to  the  extent  of 
over  £(iO. 

Last  year,  shortly  after  the  discovery  of  the 
X-rays  by  Prof.  Rontgen,  I also  experimented 
with  these  rays,  and  it  occurred  to  me  to  test 
the  transparency  of  gutta  percha  to  them.' 
I found  it  exceedingly  transparent,  and  this' 
induced  me  to  have  a number  of  blocks  of 
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raw  gutta  percha  examined  with  the  c?-yAto- 
scope  to  see  whether  they  enclosed  any  stones 
or  other  heavy  materials.  Out  of  450  pieces 
of  “ White  Bulongan,”  a material  which 
appeared  particularly  likely  to  give  some 
results,  we  found  seven  containing  stones. 
We  also  examined  300  pieces  of  “ Mixed  Sara- 
wak,” but  failed  to  detect  any;  however,  in 
another  lot  of  the  same  kind  of  material  we 
found  one  piece  containing  a stone,  and  I have 
photographed  it  by  means  of  the  X-rays  and 
will  now  show  you  the  result  on  the  screen. 
This  stone  nobody  has  seen  since  it  was  first 
put  into  the  block  of  gutta  percha ; we  shall 
now  cut  the  block  open  and  expose  the  stone — 
here  it  is,  and  you  observe  it  corresponds 
exactly  with  the  X-ray  photogram. (^) 

Chemical  Washing  Process. 

We  must  now  briefly  consider  the  chemical 
washing  process.  Charles  Hancock,  in  his 
patent  specification  (No.  11,208  O.L.),  of  May 
15th,  1846,  proposed  to  steep  the  raw  gutta 
percha,  after  it  had  been  cut  up  into  small 
pieces,  in  a solution  of  caustic  alkali  or 
chloride  of  lime  to  neutralise  the  acidity  and 
remove  any  unpleasant  odour.  If  a hot  solu- 
tion of  caustic  alkali  is  used  in  the  washer  in 
place  of  water,  the  material  becomes  much 
cleaner  and  attains  a lighter  colour.  I have 
here  two  specimens  of  the  same  gutta  percha  ; 
the  one,  which  I hold  in  my  left  hand  has  been 
washed  with  water  in  the  usual  way  ; but  the 
■other,  in  my  right  hand,  has  had  an  additional 
washing  with  a weak  solution  of  sodic  hydrate, 
and  you  observe  the  notable  difference  in 
colour.  I have  made  numerous  experiments 
on  the  chemical  washing  of  gutta  percha, 
but  will  content  myself  with  describing  the 
result  of  one  of  them.  A particular  raw  gutta 
percha  belonging  to  the  class  of  materials 
which  do  not  readily  part  with  their  impurities, 
was  twice  washed  with  water,  then  rolled  out 
into  sheet  and  analysed.  It  was  found  to  con- 
tain 127  per  cent,  of  water  and  17  per  cent, 
of  dirt.  Another  portion  of  the  same  raw 
material  was  washed  with  a 5 per  cent,  solu- 
tion of  sodic  hydrate,  then  with  water,  rolled 
out  into  sheet,  and  analysed  as  before.  The 
analysis  now  gave  only  5-2  per  cent,  of  water 
and  0*4  per  cent,  of  dirt.  This  experiment 


(*)  The  block  after  having  been  cut  open  was  photo- 
graphed in  the  ordinary  way,  and  is  shown  in  Fig.  30, 
No.  4,  one  of  the  rolls  of  White  Bulongan,  containing  a 
?t«ne,  was  shown  after  the  lecture  with  the  Rontgen  appa- 
ratus. Other  stones  found  embedded  in  blocks  on  cutting 
.hem  open,  are  represented  in  Nos.  7 and  8. 


clearly  shows  that  the  treatment  with  the 
alkaline  solution  not  only  reduced  the  per- 
centage of  dirt  to  less  than  one-fourth  of  the 
original  amount,  but  it  also  affected  the 
capacity  for  retaining  mechanically  enclosed 
water.  The  treatment  of  gutta  percha  with 
hot  alkaline  solutions,  or  lyes,  or  in  fact  with 
any  other  chemicals,  requires  great  care  and 
judgment,  and  the  subsequent  washing  with 
water  must  be  done  very  thoroughly  ; otherwise 
the  material  may  be  detrimentally  affected  and 
perish  after  a comparatively  short  time. 

Chemical  Hardening  Process. 

I will  now  describe  the  process  for  hardening 
gutta  percha  which  I introduced  about  i6 
years  ago.  As  you  will  remember,  I pointed 
out  in  the  last  lecture  that  the  really  valuable 
constituent  of  gutta  percha  is  the  gutta,  and 
the  more  a material  contains  of  it  the  better  it 
is,  provided  the  gutta  itself  is  of  good  descrip- 
tion. Now,  for  certain  purposes,  it  is  advan- 
tageous to  improve  the  hardness  and  other 
mechanical  properties  of  gutta  percha,  and  this 
can  be  done  by  extracting  the  resin  with  a 
suitable  solvent  which  leaves  the  gutta  itself 
intact. 

I have  here  some  cubes  of  raw  gutta  percha 
immersed  in  different  liquids,  and  you  obser\'e 
that  they  have  retained  their  original  form 
and  sharpness  of  outline  ; but  if  you  were  to 
examine  the  liquids,  you  would  find  that  eveiy 
one  of  them  was  charged  with  the  resinous 
substances  originally  contained  in  the  gutta 
percha.  One  of  the  liquids  is  ether,  the  other 
a saturated  solution  of  carbon  disulphide  in 
alcohol,  and  the  third  light  petroleum  spirit. 
It  is  the  last  named  liquid,  variously  known 
as  lythene,  rigolene,  gasolene,  Ac.,  and  having 
a specific  gravity  of  about  0-65  to  0'6;,  which 
I use  for  my  hardening  processes. 

Fig-  31  gives  a schematic  view  of  the  various 
apparatuses  employed  for  that  purpose.  In 
those  on  the  left,  the  different  preparator}' 
processes  are  carried  out  and  in  the  others  on 
the  right,  the  actual  treatment  takes  place. 

The  raw  gutta  percha  is  first  chopped,  then 
thrown  through  a screen,  j-,  on  to  a long  drying 
platform,  Pj,  gently  heated  from  below  by  a 
system  of  steam  pipes.  The  material  is  shovelled 
along,  and  thereby  continuously  turned  over, 
until  it  reaches  the  other  end  of  the  plat- 
form, where  it  is  thrown  on  to  a second  and 
lower  platform,  P2,  and  there  similarly  moved 
along  to  the  other  end.  By  this  time  the 
gutta  percha  should  have  become  fairly  dry  ; 
out  in  order  to  complete  the  drying,  it  is  now 
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thrown  into  the  hopper,  hx,  of  a long  iron 
drum,  D,  provided  with  narrow  shelves,  which 
take  it  round  for  a certain  distance,  when  the 
drum  is  rotated  and  at  the  same  time  move  it 
along  since  the  axis  of  rotation  is  slightly  in- 
clined towards  the  other  end.  A gentle  current 
of  warm  air,  passed  through  the  drum  in  the 
opposite  direction,  carries  away  the  moisture 
given  off  by  the  material,  and  thus  accele- 
rates the  drying.  After  leaving  the  drying 
drum,  the  pieces  enter  the  sifting  drum,  s, 
the  finer  particles  falling  through  the  open- 
ings, and  the  coarser  pieces  moving  along 
inside,  until  they  are  discharged  at  the 
other  end  of  the  drum,  where  they  fall 
into  an  upright  iron  vessel,  V,  provided  with 
a suitable  distributing  arrangement.  The 
finer  material,  on  the  other  hand,  drops  on 
to  an  endless  band,  /,  and  is  carried  along  by 
it  to  a bin,  B.  The  coarse  and  fine  materials 
are  thus  effectually  separated.  The  galvanised- 
iron  tank,  a,  provided  with  a hinged  lid  and  a 
movable  plate  in  front,  can  be  carried  about  by 
a travelling  overhead  crane.  The  tank  is  filled 
first  with  coarse  pieces  from  the  vessel,  v, 
then  with  finer  stuff  from  the  bin,  B,  and 
finally  again  with  coarse  pieces,  the  depth  of 
each  layer  depending  upon  the  particular 
material  to  be  treated.  This  is  done  to  facili- 
tate the  percolation  of  the  solvent  during  the 
extraction  process.  The  bottom  of  the  tank,  a, 
is  perforated  and  covered  with  wire  gauze. 
After  charging  the  tank  as  just  described,  it  is 
earned  over  to  the  other  side  and  deposited  in 
one  of  the  larger  tanks.  A,  B,  or  c,  of  which 
there  may  be  any  number  connected  up  en 
cascade  by  a system  of  pipes.  These  tanks, 
after  having  each  received  one  of  the  smaller 
ones,  a,  filled  with  raw  gutta  percha,  are 
worked  in  groups  of  three,  to  which  number 
the  schematic  drawing  is  confined.  Petro- 
leum spirit  from  a large  store-vessel  over- 
head, To,  is  admitted  to  the  first  tank  of 
each  group — A,  for  instance — and  flows  over 
into  the  next  tank,  B,  and  from  there  into  the 
third,  C,  filling  all  three  in  succession.  The 
circulation  of  the  “ spirit”  is  carried  on  until 
it  is  found  to  be  quite  clean  as  it  leaves 
the  first  tank ; this  tank  is  then  disconnected 
from  the  two  others,  and  a tank  with  fresh 
raw  material  connected  to  the  former  No.  3, 
the  second  one  in  its  turn  now  becoming  the 
first,  and  so  on. 

The  solution  which  comes  from  the  third 
tank  of  a group  is  pretty  thick,  containing  a 
large  amount  of  resin.  It  is  run  into  tank 
T3,  and  from  there  in  a continuous  stream 


into  a large  still,  s,  provided  with  a steam  coil 
at  the  bottom.  The  contents  of  the  still  are 
heated,  the  “spirit”  distilled  off  and  con- 
densed in  a suitable  cooling  arrangement,  C2, 
w'hich  delivers  it  into  the  main  store  tank  in 
the  cellar,  whence  it  is  pumped  up  again  into 
tank  T2. 

The  “spirit”  from  tank  A,  is  run  off  into 
the  main  tank,  Ti,  the  material  further  washed 
with  clean  spirit  and  then  allowed  to  drain, 
whilst  communication  still  exists  with  the  tank 
in  the  cellar.  The  inner  tank,  <2,  is  now  lifted 
out  and  brought  to  the  front  of  the  large  mas« 
ticator,  M.  It  is  laid  on  its  side,  pushed  into 
the  mouth  of  the  masticator,  and  the  contents 
discharged  by  withdrawing  the  side  of  the 
tank,  which  now  forms  the  bottom,  the  masti- 
cator having  previously  been  filled  with  cold 
water.  After  removing  the  tank,  the  large 
swing-door  of  the  masticator  is  closed,  steam 
is  turned  on,  and  the  rollers  set  in  motion  so 
as  to  knead  the  gutta  percha,  whilst  the 
solvent  is  being  distilled  off.  When  the  dis- 
tillation ceases,  the  remaining  vapours  are 
blown  over  into  the  condenser  by  means  of 
steam,  the  masticator  is  then  opened,  the 
gutta  percha  taken  out  and  washed  in  the 
usual  way  with  water,  or,  if  necessar}',  with 
an  alkaline  solution. 

The  distillation  of  the  resinous  solution  is 
carried  on  until  the  contents  of  the  still,  S, 
have  become  very  thick,  and*  the  solvent,  in 
consequence,  distils  over  only  tardily.  The 
supply  of  fresh  solution  is  then  interrupted, 
the  valve  between  the  still  and  condenser 
closed,  but  the  heating  continued,  until  a 
certain  pressure  has  been  produced  by  the 
vapours,  which  is  then  utilised  to  force  the 
contents  of  the  vessel  into  another  still, 
situated  at  a safe  distance  outside  the  build- 
ing, where  the  heavier  parts  of  the  solvent 
are  distilled  off  by  heating  directly  over  a 
fire.  This  done,  the  contents  of  the  still  are 
discharged  through  a kind  of  treacle-valve, 
and  run  into  barrels  or  other  suitable  recep- 
tacles for  further  use  or  sale. 

Before  leaving  this  subject,  I should  like 
to  mention  that  all  the  different  tanks  are 
mutually  connected  by  means  of  a system  cf 
air  pipes,  provision  being  made  that  flames 
cannot  spread  from  one  to  the  other  in  case  of 
fire.  The  main  pipe  of  this  system  is  finally 
carried  to  the  vessel  V (of  which  there  are  two, 
used  alternately),  containing  coarse  pieces  of 
dried  raw  gutta  percha,  as  already  mentioned. 
The  air  in  passing  through  the  gutta  percha 
before  being  discharged  into  the  open  is  thus 
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deprived  of  all  vapours,  which  is  very  desirable 
for  safety  as  well  as  economy. 

I will  now  show  you  some  of  the  actual 
machinery  employed  for  this  hardening  pro- 
cess, on  the  screen. 

Fig.  32  depicts  the  interior  of  the  works, 
in  which  the  treatment  with  petroleum  spirit 
is  carried  out.  You  observe  the  row  of 
rectangular  tanks  on  the  elevated  platform 
at  the  back,  the  high-level  store-tank  in  the 
corner  on  the  left,  the  masticator  in  front, 
and  the  two  upright  vessels  containing  coarse 

Fig. 


are  two  portions  of  raw  gutta  percha  from 
the  same  block  cut  up  into  small  cubical 
pieces,  one  portion  is  still  in  its  original 
condition,  but  the  other  has  been  treated 
with  petroleum  spirit  to  extract  the  resin  as 
completely  as  possible,  and  was  then  freed 
from  the  solvent  in  vacuo  at  a slightly  j 
elevated  temperature.  This  large  glass  vessel,  . 
containing  water,  is  being  heated  on  a sand 
bath,  and  the  water  has  now  reached  a tem- 
perature slightly  above  50°  Centigrade.  A | 
smaller  glass  beaker,  also  containing  water,  is  j 

i 

32- 


Interior  of  Hardening  Works. 


pieces  of  raw  gutta  percha,  and  serving  as 
absorption  towers  for  the  vapours,  just  below 
the  store-tank.  The  second  slide  shows  the 
masticator  on  a larger  scale,  and  the  third^ 
the  row  of  stills  used  for  concentrating  the 
resinous  solution  by  distillation  of  the  solvent. 

Before  leaving  this  subject,  I should  like  to 
demonstrate  to  you  by  a simple  experiment,  the 
efficiency  of  the  hardening  process.  Here 

^ The  second  and  third  views  are  not  reproduced  in  the 
Journal. 


immersed  into  the  outer  vessel,  and  its  con- 
tents therefore  have  practically  the  same  tem- 
perature, or  if  it  should  be  different,  a slightly 
lower  one.  I now  throw  the  original  material 
into  the  inner  vessel,  and  the  hardened  one 
into  the  outer,  and  leave  them  there  for  a 
short  time,  until  they  have  acquired  the 
temperature  of  the  water.  I try  to  squeeze 
the  pieces  of  treated  gutta  percha  between 
my  fingers  ; but  they  resist  the  pressure  as 
they  are  still  quite  hard.  I do  the  same 
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with  the  original  material  inside  the  beaker, 
and  you  observe  that  it  is  quite  soft  and 
plastic.  I shall  recur  to  the  great  difference 
in  the  softening  temperature  of  materials, 
with  different  percentages  of  resin,  in  my 
next  lecture. 

Extraction  from  Raw  Materials. 

Instead  of  removing  the  impurities  from 
raw  gutta  percha  by  washing  it  either  with 
water  or  an  alkaline  solution,  as  described 
in  the  first  part  of  this  lecture,  this  can  also 
be  done  by  dissolving  the  gutta  percha  in  a 
suitable  liquid,  straining  or  filtering  the  solu- 
tion, and  then  evaporating  the  solvent.  This 
method  has  repeatedly  been  employed  and 
had,  as  we  have  seen,  already  been  suggested 
by  Charles  Hancock  (^)  in  1846.  I myself 
tried  this  mode  of  purification  on  a rather 
large  scale  some  20  years  ago,  using  carbon 
disulphide  as  the  solvent ; but  I soon  abandoned 
it  again,  as  it  was  found  that  the  clean  gutta 
percha  thus  obtained,  although  apparently 
of  excellent  quality,  shortly  after  it  had  been 
produced,  it  nevertheless  quickly  perished ; 
and  this  appears  to  be  the  fate  of  most 
materials  obtained  by  evaporation  of  a 
solvent,  probably  because  the  molecular  struc- 
ture of  the  gutta  is  thereby  affected.  But 
there  is  yet  another  method  [of  reclaiming  a 
dissolved  substance,  viz.,  by  precipitation,  and 
this  also  is  frequently  employed  for  gutta 
percha. 

Here  is  a solution  prepared  from  raw  gutta 
percha  by  means  of  carbon  disulphide,  and 
you  observe  that  the  dirt  has  settled  down  at 
the  bottom . Part  of  the  clear  solution  has  been 
decanted  off  and  the  solvent  evaporated,  the 
residual  gutta  percha  being  pressed  into  this 
plate.  Another  portion  of  the  solution  is  in 
this  tall  test  mixer,  and  I will  now  add  an 
excess  of  alcohol  and  shake  it  up.  You  see  a 
whitish  precipitate  is  being  formed,  which  could 
be  separated  from  the  liquid  by  filtration  and 
made  into  a plate  like  the  one  I just  show'ed 
you.  There  would,  however,  be  this  difference 
in  the  composition  of  the  two  plates,  that  the 
one  obtained  by  evaporation  of  the  solvent  con- 
tains all  the  resin  originally  present  in  the 
raw  material,  whereas  the  other,  obtained  by 
precipitation,  consists,  practically,  of  pure 
gutta  ; and  this  is  the  case,  more  or  less, 
with  all  processes  in  which  precipitation  is 
employed. 

(’)  Patent  Specification  (No.  ii,oj2  o.r..),  of  January  12th, 
1846. 
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Extraction  from  Leave.s. 

The  present  method  of  obtaining  gutta  percha 
from  the  latex  in  the  bark  of  the  trunk,  after 
felling  the  tree,  is  no  doubt  a very  crude  and 
wasteful  one,  and,  consequently,  any  feasible 
suggestion  to  remedy  this  state  of  affairs 
deserves  our  most  serious  consideration.  It  is 
now  about  six  years  since  a proposal  was  made 
to  extract  gutta  percha  from  the  removable 
parts  of  the  tree,  such  as  small  branches,  twigs, 
and  leaves,  which  can  be  plucked  without 
injury  to  the  tree,  instead  of  from  the  trunk.  In 
this  way,  besides  saving  the  life  of  these  valu- 
able trees,  other  advantages  would  accrue, 
one  of  them  being  that  adulterations  could  less 
easily  be  practiced,  the  leaves  of  the  gutta  tree 
being  easily  recognisable,  and  not  very  difficult 
to  distinguish  from  those  of  other  trees,  even 
of  kindred  species. 

This  frame  encloses  a small  branch  and 
several  exceptionally  fine  leaves  of  Palaquium 
( Dtchojsts)  gutta  (Fig.  33),  and  you  observe  the 
characteristic  projection  or  beak  at  the  upper 
end  of  the  leaves,  and  their  pronounced  reddish- 
brown  tinge  and  silky  lustre.  If  you  were  to 
examine  the  leaves  more  closely,  you  would  see 
that  each  of  them  has  at  least  twenty-two 
lateral  veins,  branching  out  on  both  sides  of 
the  mid-rib,  mostly  at  an  angle  of  about  70°  or 
80°.  Compare  these  with  the  leaves  of  the 
two  branches  in  the  other  frame  (Fig.  34) 
which  belong  to  trees  yielding  an  inferior  kind 
of  gutta  percha,  viz.,  Dichopsis  polyantha 
and  Dichopsts  pustulata,  and  you  cannot  fail 
to  be  struck  by  the  great  difference  between 
them,  not  only  with  regard  to  the  size  and 
shape,  but  also  in  the  number  and  prominence 
of  the  secondary  veins  which  here  are  only 
12  to  15  on  each  side  of  the  mid-rib,  instead  of 
22  and  more.  Some  time  ago  I examined 
numerous  specimens  of  sapotaceous  plants  in 
the  Berlin  Herbarium,  measuring  the  dimen- 
sions of  the  leaves  and  counting  the  lateral 
veins,  and  I arrived  at  the  conclusion  that 
none  of  them  could  be  confounded  with  those 
of  the  true  gutta  trees.  I may  add  that  in  the 
case  of  the  two  inferior  species  of  Dtekops/s, 
which  I just  showed  you,  the  angle  between 
the  lateral  veins  and  the  mid-rib  is  also  a more 
acute  one,  t.e.,  generally  less  than  70°. 

If  a leaf  or  leaf-stalk  from  Palaquium  gutta 
is  torn  or  broken  asunder  it  is  found  that  a 
number  of  tiny  white  threads,  like  a spider’s 
w'eb,  stretch  across  the  gap  (Fig.  35,  A,  B, 
and  c).  They  are  formed  by  the  coagulated 
latex  contained  in  the  sacs,  of  which  I showed 
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Fig.  34.  - Branches  of  Inferior  Gutta  Trees.  {Dichopsis polyantha  Benth.  Li:hopsis pusiulata  Hemsi.) 
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you  a microscopic  section  in  the  first  lecture 
(Fig.  9,  p.  1 19).  In  the  case  of  a somewhat 
larger  stem  (Fig.  35  d),  it  requires  some  little 
force  to  overcome  the  resistance  of  these 
threads  and  to  pull  them  asunder.  On  the  other- 
hand,  if  the  leaf  of  an  inferior  gutta  tree  is 
similarly  broken,  very  few,  if  any,  such  threads 
iire  visible,  and  accordingly  very  little  gutta 
s found  in  them. 


Fig.  35. 


Leaf  and  Stem  of  Palaquium  Gutta,  showing 
Threads  of  Latex. 

A tree  ten  years  old  yields  about  15  lbs.  of 
>dry  leaves  ; one  thirty  years  old,  about  25  lbs., 
i.e.,  I lb.  more  for  every  two  years  it  ad- 
vances in  age.  If,  therefore,  the  leaves  of  a 
tree  were  regularly  plucked  every  year  from 
the  age  of  ten  till  it  reaches  maturity  at  thirty, 
it  would  have  produced  420  lbs.  of  them,  and  as 
I have  found  that  the  dry  leaves  contain  between 
9 and  10  per  cent,  of  gutta  percha,  this  would 
•correspond  to  about  40  lbs.,  that  is,  at  least 
twenty  times  as  much  as  would  be  obtained  from 
a tree  of  the  same  age,  when  felled  and  bled  in 
-the  customary  way.  This  result,  even  if  only 


partly  realisable,  would,  in  practice,  be  of 
enormous  value  to  the  gutta-planter. 

Here  is  a large  basket  of  leaves  of  Palaquium 
gutta y which  formed  part  of  a delivery  of 
20  baskets  sent  to  us  from  Singapore  for 
experiments  in  1894.  The  contents  of  this 
basket  weighs  about  56  lbs.,  and  would  there- 
fore yield  about  5 lbs.  of  clean  gutta  percha.  A 
similar  basket  filled  with  ordinary  raw  gutta 
percha  would  weigh  about  \\  cwts.,  and 
yield  about  i cwt.  of  clean  gutta  percha, 
taking  the  waste  as  33 1 per  cent.  If  the 
material  is  of  3''^  quality  it  would,  on  extraction 
of  the  resin,  give  75  lbs.  oi gutta  comparable 
with  that  from  leaves,  which  is  nearly  free 
from  resin,  or  15  times  the  amount  bulk  for 
bulk. 

The  large  glass  jar  on  the  table  is  com- 
pletely filled  with  leaves,  and  on  the  top  you 
observe  the  comparatively  small  piece  of  raw 
gutta  percha  which  contains  the  same  quantity 
of  clean  gutta  as  the  leaves.  The  difference 
in  bulk  between  the  two  kinds  of  raw  material 
is  striking. 


We  shall  now  consider  the  various  processes 
recommended  for  extracting  the  gutta  from 
leaves,  and  I will  first  describe  that  proposed 
by  Mons.  Dieudonne  Rigole'  in  March,  1892. 

This  inventor  uses  carbon  disulphide  for  the 
treatment  of  the  leaves  ; his  apparatus  is  illus- 
trated in  Fig.  36  ; it  somewhat  resembles  the 
Payen’s  percolator  in  the  form  given  to  it  by 
Drechsel,  and  which  you  see  here  on  the  table. 
The  pounded  leaves  are  filled  into  the  vessel.  A, 
the  boiler,  B,  contains  the  carbon  disulphide, 
which  is  heated  and  vaporized  by  means  of 
the  hot-water  bath,  D.  The  vapours  which  pass 
through  a are  condensed  in  c,  and  the  liquid 
percolates  through  the  leaves  and  flows  back 
charged  with  gutta  through  a^  into  the  boiler. 
After  exhaustion  of  the  leaves,  steam  is  ad- 
mitted through  e,  and  the  disulphide  from  the 
leaves  in  A and  the  solution  in  B distilled  off 
into  the  condenser,  F.  The  gutta  percha, 
remains  in  the  boiler,  floating  on  the  condensed 
water  from  the  steam. 

The  next  process  is  one  proposed  by  Mons. 
Hippolyte  Eugene  Serullas^  in  June,  1892.  The 
solvent  used  by  this  inventor  is  hot  toluene. 
F’ig.  37  is  an  illustration  of  the  apparatus  used 
for  this  process,  copied  from  the  patent  specifi- 
cation, the  apparatus  I saw  in  actual  use  at 
Suresne-sur-Seine  two  years  ago  differing  some- 
what from  the  one  here  described.  It  was 

’ Engl.  Pat.  Spec.  No.  4252,  of  ]\Iarch  3rd,  1892. 

' Engl.  Pat.  Spec.  No.  11,166  of  June  14th,  1892. 
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of  rather  large  size,  holding  500  kg.  of  pulver- 
ized leaves,  and  Mons.  Serullas  stated  that 
over  eight  charges  could  be  treated  in  it  ever}" 
twenty-four  hours.  Referring  to  Fig.  37,  the 
leaves  are  put  in  a jacketed  digester,  A,  pro- 
vided with  an  agitator,  a.  The  toluene  is 
filled  into  B,  heated  by  means  of  external 
steam,  and  then  abruptly  discharged  on  to 
the  leaves  by  means  of  the  syphon,  b.  After 
allowing  sufficient  time  to  elapse  for  the 
toluene  to  act  on  the  leaves,  the  solution  is 
drawn  off  into  the  retort,  d,  where  the  solvent 
is  removed  by  distillation.  Later  on,  Serullas^ 


method  myself,  and  cannot  therefore  express- 
an  opinion  on  its  suitability  for  this  purpose. 

As  you  are  no  doubt  aware,  a company  was 
floated  only  two  days  ago  (December  4th),  with 
the  object  of  working  M.  Serullas’  process,  on 
a commercial  scale,  and  we  will  certainly  wish 
it  every  success.  The  name  of  the  company 
is  the  Gutta  Fercha  Corporation,  Li?nited, 
Lord  Kelvin  and  Dr.  Bottomley  being  consult- 
ing electricians,  and  Prof.  Ramsay  consulting 
chemist. 

The  next  process  is  one  which  I devised 
myself  about  two  years  ago'k  It  is  based 


Fig.  36. 


introduced  various  improvements,  and  instead 
of  distilling  off  the  solvent,  he  now  precipitates 
the  gutta  by  means  of  acetone,  and  claims 
that  in  this  way  gutta  percha  is  obtained 
which  has  exactly  the  same  composition  as 
that  produced  from  the  latex  of  the  Isojiandra 
gutta  in  the  usual  way,  and  no  doubt  the 
precipitated  material  is  preferable  to  that 
obtained  by  evaporation  of  the  solvent. 

Prof.  Ramsay-  quite  recently  proposed  7'esin- 
oil  as  a substitute  for  toluene  for  extracting 
the  gutta  from  leaves,  precipitating  it  with 
acetone  like  Serullas ; I have  not  tried  this 


on  an  observation  made  in  1881,  viz.,  that 
gutta  is  readily  soluble  in  light  petroleum, 
spirit  at  the  boiling  temperature,  but  is  com- 
pletely re-precipitated  from  this  solution  on 
cooling  below  60°  Fahr.  The  process  is  very 
simple,  as  only  one  liquid  is  required,  whereas- 
Serullas  uses  two  different  liquids,  which  have 
afterwards  to  be  separated  again.  Instead  of 
pulverizing  the  leaves,  which  produces  a large- 
amount  of  fine  dust,  I crush  them,  with  the 
stems,  between  closely  set  steel  rollers,  and 
thus  render  them  very  permeable  to  the 
solvent. 


* Efjgl.  Pat.  Spec.,  No.  654,  of  January  9th,  1896. 
2 Efigt.  Pat.  Spec.,  No.  17,936,  of  July  30th,  1897. 


^ Engl.  Pat.  Spec.,  No.  19,046,  of  August  28th,  1896. 
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The  principle  of  the  process  is  illustrated  in 
Fig.  38,  copied  from  the  patent  specification. 
The  crushed  and  dried  leaves  are  put  into  a 
basket  made  of  perforated  metal  or  wire  gauze. 
This  basket  is  lowered  into  one  of  the  jacketed 


Fig.  37. 


Extraction  from  Leaves  by  Serullas  Process. 
(June,  1892.) 

; digesters,  Di  and  D2,  which  is  then  filled  with 
petroleum  spirit  from  tank  Ti  or  T3.  The  spirit  is 
heated  to  boiling  temperature,  by  passing  steam 
; through  the  jacket  of  the  digester,  and  the 
; vapours  are  condensed  in  c,  acting  as  a reflux- 


condenser.  After  a certain  time,  the  solution 
in  the  digester  is  allowed  to  cool  a little,  and  is 
then  drawn  off  into  tank  T2 ; fresh  spirit  being 
then  admitted  and  the  operation  repeated. 
After  draining,  the  remaining  solvent  is  dis- 
tilled off  from  the  leaves  through  c into  tank 
T4,  by  means  of  direct  steam,  whereupon  the 
exhausted  leaves  are  removed.  The  gutta 
solution,  which  is  kept  slightly  warm,  is 
pumped  up  into  tank  T3,  whence  it  flows  either 
through  a fresh  charge  of  leaves,  or,  when 
sufficiently  thick,  is  cooled  down  in  one  of 
the  digesters,  by  passing  water  through  the 
jacket  to  precipitate  the  gutta.  The  mother 
liquor  is  then  drawn  off  into  tank  T2,  the 
precipitate  washed  with  clean  spirit  from 
tank  Ti,  and  allowed  to  drain.  Steam  is  now 
admitted  into  the  digester,  to  distil  off  the 
remaining  spirit  and  the  gutta,  which  is  found 
floating  on  the  condensed  water,  removed 
and  washed.  The  two  digesters  are  worked 
alternately. 

Here  are  specimens  of  gutta  percha,  extracted 
from  leaves  by  Rigole’s,  Serullas’,  and  my  own 
process  respectively.  This  specimen,  which  is  in 
the  form  of  a brick,  was  obtained  by  my  process. 
As  you  observe  it  is  of  a very  light  colour ; but 
still  shows  a slightl}^  greenish  tinge  due  to  the 
presence  of  chlorophyll  ; however,  some  which 
we  washed  with  particular  care  before  the 
spirit  was  distilled  off  from  the  precipitate, 
looked  decidedly  better,  and  at  the  next  lecture 
I will  show  you  some  of  it  rolled  out  into  a 
thin  sheet. 

I am  able  to  carry  out  the  precipitation 
of  gutta  from  solutions  in  your  presence.  This 
large  vessel  contains  a solution  prepared  from 
leaves  by  means  of  hot  toluene,  and  I will 
now  pour  twice  its  volume  of  acetone  into 
it  in  the  form  of  a spray,  whilst  I briskly  stir 
the  solution.  After  the  lapse  of  a little 
time  you  will  observe  the  precipitation  of 
the  gutta  in  the  form  of  a white  flocculent 
mass. 

In  this  bottle  is  a solution  of  gutta,  pre- 
pared by  heating  powdered  leaves  with  petro- 
leum spirit  and  straining  the  solution,  which 
was  then  placed  in  ice.  You  notice  the  gutta 
has  separated  out  in  the  form  of  a white  powder. 
The  solution  in  the  other  bottle  is  still  clear, 
having  been  kept  at  a temperature  above  60'^ 
Fahr.  I now^  put  it  in  ice  and  we  shall  examine 
it  again  at  the  end  of  the  lecture.^ 

^ The  gutta  had  then  been  precipitated  voluminously.  la 
the  case  of  the  solution  in  toluene,  precipitation  did  not  take 
place  immediately  after  the  addition  of  the  acetone,  but  it 
occurred  before  the  lecture  was  over,  as  was  shown. 
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Fig.  38.— Extraction  from  I ^^ves  by  Obach’s  Process  (August,  1896). 
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Advantages  and  Disadvantages  of  the 
Different  Processes. 

On  reviewing  the  various  processes  used  or 
recommended  for  extracting,  purifying,  and 
hardening  gutta  percha,  one  is  struck  by  the 
fact  that  in  almost  every  instance  there  are 
some  disadvantages  besides  the  advantages. 
The  gutta  percha  extracted  in  a conscientious 
manner  from  the  trunk  of  the  right  kind  of  tree 
possesses  all  the  good  qualities  of  this  material, 
particularly  that  of  durability,  which  is  most 
valuable,  but  there  is  a risk  of  adulteration 
by  admixture  with  juices  from  other  plants, 
which  are  worthless  or  even  detrimental ; and 
moreover  the  destruction  of  the  trees  is,  as  has 
repeatedly  been  said,  a most  extravagant  and 
wasteful  proceeding.  In  that  respect  the  extrac- 
tion from  detachable  parts  of  the  tree  is  certainly 
preferable  ; but  as  hitherto  no  satisfactory 
mechanical  process  has  been  proposed  for 
that  purpose,  chemical  methods  have  to  be 
resorted  to,  as  we  have  seen.  This  I con- 
sider to  be  a disadvantage,  inasmuch  as  the 
durability  of  the  gutta  percha,  particularly 
on  exposure  to  air  and  light,  is  thereby 
imperilled. 

The  chemical  hardenmg  process  differs 
from  the  chemical  extraction  process  in  so  far 
that  the  salient  constituent,  i.e.,  the  gutta,  is 
not  affected  by  it,  the  solvent  acting  exclu- 
sively upon  the  resinous  components.  One 
point,  however,  must  be  taken  into  considera- 
tion, namely,  that  whatever  the  properties 
of  the  gutta  itself  may  originally  have  been, 
they  remain  practically  the  same  after  the 
hardening  process.  By  far  the  most  (though 
not  all)  of  the  commoner  sorts  of  raw  materials, 
containing  a large  amount  of  resin,  and  which 
j would  recommend  themselves  for  the  harden- 
ing process,  contain  also  a gutta  of  inferior 
description.  Hence,  in  spite  of  the  low  per- 
centage of  resin  which  the  hardened  materials 
may  contain,  they  cannot  be  considered  fully 
equal  to  the  superior  kinds  of  gutta  percha 
obtained  directly  from  the  tree.  I shall,  how- 
ever, have  something  more  to  say  about  this 
I subject  in  my  next  lecture. 

Natural  Substitutes. 

I I designate  as  natural  substitutes  those 
materials  proposed  as  a substitute  for  gutta 
percha  which  are  direct  natural  products,  and 
I which  have  been  aptly  termed  Jseitdo  guttas 
' by  Mr.  James  Collins.  I can  only  consider  a 
few  of  them  to-night,  and  I shall  more  es- 
pecially refer  to  those  which  have  either  been 
' submitted  to  the  Society  of  Arts  or  with 


which  I have  become  personally  acquainted. 
The  first  material  proposed  as  a substitute  is 
the  product  of  the  common  Indian  Mudar- 
plant  Calotropis  gigantea  Robert  Brown 
which  belongs  to  the  Asclejiadece  \ it  was  pro- 
posed in  1849  by  Hr.  Riddell,* *  a surgeon,  in  the 
Nizam  army.  Sir  Richard  Shakespeare,^  the 
Resident  of  Gwalior,  had  the  electrical  pro- 
perties of  this  gum  tested,  and  found  it  to 
insulate  badly;  but  he  recommended  the  juice  of 
the  Mudar  - plant  for  impregnating  fibrous 
materials  to  render  them  elastic  and  waterproof. 
Mr.  T.  T.  Henley  and  Captain  G.  Hollings,-* 
Deputy-Commissioner  in  the  Punjab,  proposed 
another  substance,  called  “ Garancine,” 
obtained  from  the  juice  of  the  “Munjeet”  or 
Indian  [Rubia  munjista  Roxburgli)y 

and  also  the  product  of  the  “Aik”  [Calotrojis 
Hatniltonii  Wight). 

I have  not  hitherto  had  an  opportunity  of 
testing  either  of  these  substances  ; but  of  those 
which  I am  now  going  to  mention,  I have  had 
specimens  for  examination  from  the  Kew 
Museum. 

The  first  of  these  is  the  gum  from  Dichojsis 
obovata  Teijsmann,  found  in  the  province  of 
Mergui.  Sir  Archibald  Boyle^  the  Commissioner 
of  Tenasserim,  submitted  a specimen  of  this 
“ new  kind  of  gutta  percha  ” to  Dr.  Falconer, 
the  Superintendent  of  the  Honourable  East 
India  Company’s  Botanic  Garden  at  Calcutta. 
It  was  handed  for  chemical  analysis  to  Dr. 
Macnamara,  who  states  in  his  report  “that 
he  does  not  hesitate  to  express  his  con- 
fident opinion  that  this  new  variety  of  gutta 
percha  will  be  found  to  have  all  the  useful 
qualities  of  that  generally  known  and  to  be 
equally  valuable.”  I have  examined  a 
specimen  of  this  substance  sent  to  Kew 
from  the  Indian  Museum,  but  found  it  quite 
useless  as  a substitute,  as  it  had  neither 
strength  nor  tenacity.  It  is  almost  completely 
soluble  in  cold  ether,  and  does  not  contain  any 
appreciable  amount  of  true  gutta. 

The  next  specimen  I examined  was  a 
a gum  known  under  the  name  of  “ Pau- 
chontee,”^  which  had  been  submitted  to  the 
Gutta  Percha  Committee  of  the  Society  of 

^ Jotirn.  Agric.and Hortic.  Soc  , India,  1849,  p.  51 ; Jotn  n. 
Soc.  Arts,  1883,  vol.  I,  p.p.  447,*  485*  ; see  also  AWe  Report 
for  1881,  p.  45.* 

^ Vide  Mr.  George  Buist’s  letter  to  the  Secretary  of  the 
Soc.  of  Arts,  Journ.  loc.  cit.,  p.  611.* 

^ Journ.  Soc.  Arts,  loc.  cit.,  p.  597.* 

* Journ.  Soc.  Arts,  1854,  vol.  2,  p.  540.* 

* U/VA*  Dr.  Clephorn.  “ Memorandum  upon  the  Pauchontee 
or  Indian  Gutta  Tree  of  the  Western  Coast.”  Madras,  1858. 
Also  James  Collin;,  “Remarks  on  Pseudo-Guttas.”  Journ. 
Soc  Arts,  1883,  vol.  32,  p.  14.* 
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Arts^  by  the  Secretary  of  State  for  India 
in  1859,  with  a request  for  their  opinion 
as  to  its  quality  and  commercial  value.  Dr. 
Dugald  Campbell/  to  whom  the  specimem 
was  handed  for  testing,  found  it  hard  and 
brittle  at  ordinary  temperatures,  and  of  little 
use  for  admixture  with  ordinary  gutta  percha. 
My  own  experience  confirms  this  unfavour- 
.able  report.  The  gum  is  the  product  of 
Isonandra  acimzinata  Miquel  or  Bassia 
elHNka  Dalzell,  a tree  which  appears  to  be 
.common  on  the  Malabar  coast,  the  forests  of 
Coorg,  at  Travancore,  &c.^ 

In  1849,  Mr.  Richard  Spruce  sent  a sample 
of  gum  called  “ Massaranduba  ” to  the  Kew 
Museum®  from  Para.  This  gum,  which  is 
derived  from  the  cow-tree,  Mimusops  elata 
Allemao,  I have  recently  examined,  but  found 
it  resinous  and  brittle,  and  therefore  of  no 
practical  use  as  a substitute  for  gutta  percha. 

We  have  next  to  consider  the  “ gutta  shea,” 
the  product  of  the  shea  butter-tree,  or  Karite, 
B utyi'osAer mum  Pai'kii  Kotschy,  which  has 
been  recommended  as  a substitute,^  and  was 
very  favourably  reported  upon  by  Dr.  Edward 
Heckel,®  Professor  of  Botany  at  the  Faculty  of 
Sciences  of  Marseilles.  The  solid  oil  or  fat  of 
the  shea  butter-tree,  which  is  largely  used  for 
soap-making,  contains  from  0*5  to  07  percent, 
of  a hydrocarbon  said  to  be  similar  to  gutta, ®and 
which  has  been  termed  “ gutta  shea.”  I have 
examined  a specimen  of  the  concrete  milk 
from  the  trunk  of  the  tree ; also  some  of  the  gutta 
from  shea  butter,  and  some  slightly  fermented 
gutta  from  the  trunk,  which  I received  in 
1891.  They  were  taken  from  samples  sent 
to  the  Kew  Museum  from  Western  Africa  some 
years  ago  by  Sir  George  Goldie,  of  the  Royal 
Niger  Company.  Two  of  the  samples  con- 
tained about  14  per  cent,  of  a substance  some- 
what resembling  gutta,  but  possessing  no 
strength  or  tenacity,  and  partaking  more  of 
the  nature  of  a wax.  The  material  could, 
therefore,  hardly  replace  gutta  percha,  except, 
perhaps,  for  some  special  application.  How- 

1 Joiirn.  Soc.  Arts,  1859,  vol.  7,  p.  223.* 

^ Journ.  Soc.  Arts,  loc.  cit.,  p.  553.* 

^ Vide  A'ew  Rep07-t  for  1881,  p.  44.* — 2.  Kew  Report,  loc. 
cit.  p.  47,  vide  also  John  R.  Jackson,  “ Commercial  Botany 
of  the  Nineteenth  Century,”  London,  1890,  p.  35.* 

■*  Sir  Joseph  Hooker,  Kew  Repo^d  for  1878,  p.  38^^,  loc.  cit., 
1881,  p.  46.* 

^ “ Sur  un  nouvel  arbre  a gutta-percha,”  par  E.  Heckel. 
Compt.  Rend  , 1885,  vol.  100,  p.  1238.*  “ Sur  la  gutta-percha 
da  Bassia  Pa?-/iii  G.  Don,  et  sur  sa  composition  chimique,” 
par  Ed.  Heckel  et  Fr.  Schlagdenhaufifen  Compt.  Rend., 
7885,  vol.  lor,  p 1069.*  Vide  also  Le  Petit  Maiseillais  for 
February  loth,  1891.’^ 

® J.  R.  Jackson,  loc,  cit.,  p.  24,*-  also  Kew  Report  for  1878, 
p.  38.* 


ever,  I should  not  like  to  express  a definite  i 
opinion  on  this  substance  until  I have  examined  i 
it  in  a perfectly  fresh  and  intact  state.  MM.  | 
Serullas  and  Hourant  ^ propose  to  extract  the  i( 
“gutta  shea”  from  the  raw  material  with  !; 
toluene,  and  to  precipitate  the  hydrocarbon  ^ 
from  the  solution  by  means  of  acetone,  in  the 
same  way  as  they  obtain  the  ordinary  gutta 
from  leaves. 

The  getahs  of  Dichopsis  Maingayi  and 
Bassia  Motleyana,  which  I mentioned  in  my 
first  lecture,®  as  well  as  some  of  those  from 
Celebes,  to  which  I then  referred,®  may  also 
be  properly  classed  amongst  the 
guttas\  but  of  those  I examined,  several,  for 
instance  the  getah  taban  simpor  from  Dichops, 
Mamgayi  and  two  of  the  specimens  from 
Celebes,  contained  an  appreciable  amount  of 
real  gutta,  and  might  therefore  be  used  for 
certain  purposes  in  combination  with  a better- 
class  gutta  percha,  or  they  could  be  freed  from 
resinous  matter  by  treatment  with  petroleum  i 
spirit  as  described  to-night,  and  then  used.  ; 

\ 

( 

Balata.  t 

The  only  natural  substitute  for  gutta  percha  | 
with  which  I am  acquainted,  and  which  really  ) 
deserves  that  name  is  Balata.  It  is  the  coagu-  i 
lated  latex  of  a large  forest  tree,  belonging  to  the  ; 
SapotacecB,  which  is  known  under  the  name 
of  “bullet  tree,”  “bully  tree,”  or  “ bolle- 
trie.”  The  botanical  name  is  Sapota  Miilleri 
Blume,  Mimusops  globosa  Gaertner,  or 
Mimusops  balata  Gaertner  fil.  The  tree 
reaches,  at  maturity,  a height  of  120  feet,  and 
usually  has  a large  spreading  head.  Its 
cylindrical  trunk  is  60  to  70  feet  high,  and  4 
to  5 feet  in  diameter.  The  wood  is  hard, 
dense,  and  has  a reddish  tinge,  which  ac- 
counts for  the  name  of  paardenjlesch  (horse 
flesh),  given  to  it  in  the  Dutch  colonies. 
The  glossy  leaves  are  oblong  - oval,  4 to 
6 inches  long,  and  2 to  2f  inches  broad  ; they 
are  acuminated,  petiolate,  and  alternate,  being 
crowded  together  towards  the  ends  of  the 
branches.  Fig.  39  shows  a branch  of  the 
balata  tree,  with  fruits,  copied  from  the  illustra- 
tion accompanying  an  interesting  article  by 
Professor  S.  Bleekrode,^  published  in  1857, 
and  which  is  now  very  scarce.  On  the  table 
there  are  some  leaves  of  the  balata  tree, 

1 Engl.  Pat.  Spec.  No.  654*  of  January  9th,  1896. 

2 Vide  p.  125,  Table  I.,  specimens  No.  5 and  7. 

2 Vide  ante  p.  iii. 

••  S.  Bleekrode,  “ De  Surinaamsche  Getah  Pertsja.  De  ' 
Volksvlijt,  Amsterdam,  1857,  Nos.  6 and  7.  I am  indebted  to 
Mr.  van  Eeden,  of  Haarlem,  for  the  loan  of  a separate  copy  t 
of  this  paper. 
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modelled  in  the  g'um  itself,  and  presented  to 
Kew  in  1882,  by  Mr.  E.  Im  Thurn,  of  Demerara; 
perhaps  they  give  you  even  a better  idea  of 
their  appearance  than  the  drawing.  Here  are 
also  branches  of  dried  leaves,  with  flowers  and 
fruits,  from  the  Herbarium,  and  specimens  of 
wood  and  bark  of  the  tree  from  the  Museum. 

The  flower  is  si.x-parted  (hexamerous),  the 
corolla  being  white  and  about  ^ in.  long.  The 
fruit  is  sometimes  spherical,  sometimes  oval  ; 
it  is  edible,  having  a sweet  taste  like  a plum. 
The  milky  juice  which  exudes  from  the  trunk 
on  incision  is  also  consumed  by  the  natives, 
who  dilute  it  with  water. 


tained  in  the  intermediate  layer  of  the  bark,  it 
was  formerly  the  custom  in  Jamaica  to  fell  the 
trees  and  ring  the  bark,  as  described  in  the  case 
of  the  true  gutta  trees  ; but  this  method  has  now 
been  abandoned,  and  the  trunk  is  simply  tapped, 
which  IS  quite  practicable,  as  the  balata  milk  is 
much  more  liquid  than  that  of  the  guttapercha 
tree,  as  I stated  in  my  first  lecture. 

In  Surinam  the  trees  are  likewise  tapped, 
or  “ bled,”  as  it  is  technically  called,  the 
bark  being  scarified  half  round  the  tree  to 
a height  of  about  20  feet  from  the  base,  and  I 
will  now  show  you  some  pictures*  on  the 
screen  which  illustrate  the  method  of  bleed- 


Fig.  39. 


The  MimusopecE  are  distributed  all  over 
the  globe,  and  not  long  ago  Dr.  Schweinfurth 
found  the  leaves  of  Mimnsops  Schimjeri 
Hochstetter  within  the  wrappings  of  Egyptian 
mummies  4000  years  old.* 

The  bullet  trees  are  found  in  Jamaica,  Trini- 
dad, Venezuela,  British,  Dutch,  and  French 
Guiana ; they  are  also  said  to  occur  on  the 
Amazon  river.  In  the  colony  of  British  Guiana 
they  are  most  plentiful  between  the  east  bank 
of  the  river  Berbice  and  the  Corentyn. 

To  obtain  the  latex,  which  is  chiefly  con- 

^ Nature,  1886,  vol.  34,  p.  453* 


ing  in  Surinam.  The  first  (Fig.  40)  shows 
the  men  in  the  act  of  cutting  the  grooves 
which  are  so  arranged  that  the  milk  runs 
from  one  into  the  other  till  it  reaches  the 
lowermost. 

The  next  picture  (Fig  41)  shows  the  tree  after 
all  the  grooves  have  been  cut  in  the  trunk,  and 
you  observe  the  vessel  or  calabash  at  the 
bottom  of  the  system  of  grooves,  placed  there 

* These  illustrations  are  from  an  article  on  “ lialata  ” by 
Lieutenant  A.  N.  I)e  Balbian  Verster  in  the  Dutch  Journal, 
Eti;en  Haaid,  published  at  Amsterdam,  December  19th, 
i8q6. 
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to  collect  the  milk  flowing  along  them.  The 
gang  of  men  is  in  the  act  of  leaving,  in  search 
of  another  tree.  The  contents  of  the  calabash 
are  emptied  into  another  gourd  provided  with  a 
handle,  termed  a gooba.  Specimens  of  these 
utensils  are  here  on  the  table.  In  the  gooba 
the  milk  is  taken  to  the  settlement  and  either 


very  successful  one  as  much  as  lo  gallons  per 
day,  thus  realising  over  30s. 

I had  the  opportunity  of  examining  some 
balata  milk  sent  to  the  Colonial  and  Indian 
Exhibition  at  South  Kensington  in  1886.  I 
found  its  specific  gravity  at  60°  Fahr.  to  be 
1-0063  after  evaporation  on  the  water  bath. 


Fig.  40. 


Balata  Tree  being  tapped  by  Natives. 


sold  as  it  is,  fetching  about  one  dollar  per 
gallon,  or  it  is  evaporated  to  obtain  the  (pinkish 
or  greyish  coloured)  solid  balata,  for  which  lod. 
or  i id.  per  lb.  is  paid.  A gallon  of  milk  yields 
about  4 lbs.  of  dry  balata.  A “bleeder”  of 
average  skill,  obtains  about  4 gallons,  and  a 


I obtained  about  60  per  cent,  of  dry  balata, 
which  when  analysed  had  practically  the  same 
composition  as  that  of  most  commercial 
specimens. 

The  first  published  records  of  balata 
are  to  be  found  in  Prof.  Bleekrode’s  paper 
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of  1857,  mentioned  above,  and  in  a com- 
munication of  his  to  the  Society  of  Arts, 
made  in  the  same  year.  From  some  chemical 
tests,  he  arrived  at  the  conclusion  that 
balata,  or  Surtna?n  gutta  ■percha  as  he 
called  it,  was  identical  with  the  product  of 
the  Isonandra  gutta} 

The  Society  of  Arts  again  plays  an  important 
part  in  the  early  history  of  this  interesting 


February,  1864,  from  Sir  William  Holmes,' 
in  response  to  the  offer  of  a premium  for 
substitutes  for  gutta  percha,  and  in  his 
letter  to  the  Secretary,  Sir  William  states  that 
he  had  been  Commissioner  for  British  Guiana  at 
the  International  Exhibition  of  1862,  at  whi(  h 
he  exhibited  about  ^-Ib.  of  balata,'^  whirh 
had  been  submitted  to  Mr.  Charles  Hancock, 
who  had  expressed  a favourable  opinion  on 


Fig.  41. 


Balata  Tree. — Collecting  of  the  Latex  after  Tapping. 


substance.  In  August,  i860,  the  Colonial 
Secretary  of  British  Guiana  sent  some  balata 
which  had  been  collected  in  Berbice  by  Dr. 
Van  Holst,  to  the  Secretary,  Mr.  Le  Neve 
Foster,^  and  the  specimens  were  afterwards 
forwarded  to  the  Kew  Museum.  Other 
specimens  were  received  by  the  Society  in 

* Journal  Soc.  Arts,  1857,  vol.  5,  p.  625.* 

* Journ.  Soc.  Arts,  i860,  vol.  8,  p.  714.*  Jourti.  Soc.  Arts, 
1864,  vol.  12,  p.  229.* 


it.  This  specimen  also  was  afterwards  for- 
warded to  Kew.  It  is  exhibited  here  to-night 
together  with  the  historically  valuable  first 


1 These  specimens  consisted  of  the  following-,  viz. ; — [a) 
Bottle  of  milk  as  extracted  from  the  tree  by  tapping ; {t>) 
Lumps  or  cakes  (weighing  together  about  5 lbs.)  prepared 
for  the  market  ; (c)  Balls,  to  show  the  elasticity  of  the 
gum  prepared  by  a special  process. 

Reports  by  the  Juries,  London,  i86j.  Class  IV.,  Section 
C,  p.  47.* * 
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TABLE  VII. — Analyses  of  Various  Specimens 


Ref. 

No. 

Year 

submitted. 

Name  of  country. 

By  whom  submitted. 

By  whom  received. 

From  whom  obtained 
for  analysis. 

Year 

analysed. 

I 

i860 

Berbice. 

Dr.  van  Holst. 

Society  of  Arts. 

Mr.  J.  R.  Jackson  (Kew). 

1886 

2 

1862 

Brit.  Guiana. 

Sir  Wm.  Holmes. 

Intern.  Eih.,  1862. 

3 

1868 

Brit.  Guiana. 

James  Collins. 

Kew  Museum. 

» 

4 

1874 

Trinidad. 

J.  R.  Longden. 

Foreign  Office. 

yy 

„ 

5 

1882 

Demerara. 

E.  F.  Im  Thurn, 

Kew  Museum. 

99 

„ 

6* 

1884 

Demerara. 

G.  S.  Jenman. 

Kew  Museum. 

99 

» 

7+ 

1884 

Demerara. 

G.  S.  Jenman. 

Kew  Museum. 

99 

1897 

8 

1886 

Brit.  Guiana. 

The  Commissioners. 

Col,  and  Ind.  Exh., 
1886. 

Mr,  B.  Howell  Jones 
(London). 

1897 

9t 

1896 

Surinam. 

Messrs.  Tubergen 
and  Daam. 

Haarlem  Museum. 

Mr.  F.  W.  van  Eeden 
(Haarlem). 

1897 

10? 

1889-94 

Mostly  Brit.  Guiana. 

Various  Importers. 

London  Docks  and 
Warehouses. 

Brokers  and  Agents 
(London). 

1889-94 

* Precipitated  by  spirits  of  wine. 

+ Lumps  separated  from  samples  of  milk  by  spontaneous  coagulation. 


sample  sent  to  this  Society  in  i860.  Other 
specimens  of  balata  were  afterwards  sent  to 
Kew  from  British  Guiana  by  Mr.  James  Collins 
in  1868,  from  Trinidad  by  Governor  Longdon 
in  1874,  from  Demerara  by  Mr.  E.  Im  Thurn 
in  1882,  and  by  Mr.  G.  S.  Jenman  in  1884.  The 
latter  also  sent  a specimen  obtained  by  preci- 
pitation with  spirits  of  wine,  and  some  of  the 
milk  itself. 

All  these  specimens,  with  the  exceptionof  that 
submitted  to  the  Society  of  Arts  b}''  Sir  William 
Holmes  in  1864,  were  analysed  by  me  in 
1886,  in  the  manner  described  in  my  previous 
lecture.  The  results  are  shown  in  Table  VII., 
which  also  gives  the  percentage  composition 
of  a sample  of  Surinam  balata,  recently  ob- 
tained from  the  Colonial  Museum  at  Haarlem, 
and  the  average  result  of  analyses  of  19 
commercial  samples  of  balata,  received  be- 
tween 1889  and  1894  and  representing  about 
50  tons.  The  average  composition  of  balata 
is  also  graphically  shown  in  Fig.  42  (p.  164), 
and  is  thus  easily  comparable  with  that  of  the 
various  commercial  brands  of  gutta  percha, 
similarly  depicted  in  the  former  lecture.^  Re- 
ferring to  Table  VII.,  specimen  No.  6,  from 
Jenman,  is  the  one  obtained  by  precipitation 
with  alcohol,  and  No.  7,  the  gum  separated 
out  from  the  milk  by  spontaneous  coagulation. 


1 Vide.  Fig.  14,  p.  129. 


If  these  two  specimens  are  disregarded,  there  , 
is  not  very  much  difference  between  the  other 
ones  as  far  as  the  ratio  between  pure  gutta  and  i 
resin  is  concerned,  the  quality  varying  only  1 
between  4a  and  5.  The  larger  amount  of  water 
which  the  commercial  materials  enclosed  in  1 
comparison  with  the  other  specimens,  is  partly  ; 
to  be  explained  by  the  circumstance  that  the  ! 
former  were  mostly  analysed  shortly  after  they 
arrived  in  London,  whereas  the  other  specimens  ■ 
had  been  in  museums  for  many  years  before  i 
the  analysis  was  made.  The  quality  of  the  ! 
commercial  balata  as  represented  by  Nos.  8, 

9,  and  10,  viz.,  4a  and  4b  is  superior  to  that  of  ' 
any  of  the  special  samples  i to  5. 

The  gutta  contained  in  balata  is  very  strong  1 
and  tough,  being  altogether  of  excellent  1 
quality  ; but  the  percentage  of  resin  is  a large  ,1 
one,  and  the  material  can  consequently  only  be  't 
regarded  as  a substitute  for  second,  or  perhaps  | 
even  third  class  gutta  percha.  Balata  is  I 
somewhat  more  flexible  than  gutta  percha  | 
containing  an  equal  amount  of  resin,  which  i 
appears  to  be  due  to  the  softness  of  the  i 
resinous  constituents.  (I  had  several  times 
observed  an  oily  substance  exuding  from 
balata  on  stretching,  which,  after  drying  up,  | 
left  a whitish  powder  behind,  resembling  f 
mildew).^  To  determine  the  composition  of 

1 A loss  in  weight  usually  observed  during  analysis  indicates  j 
the  presence  of  volatile  constituents.  | 
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AND  Samples  of  Balata  (1886-1897). 


Specimens  as  received. 


lialata  proper. 


Percentage  composition. 

Totals. 

Ratios. 

Percentage 

composition. 

Quality. 

Description  of  components. 

Gutta 

G« 

Resin 

R. 

Dirt 

D. 

Water 

\v. 

Balata 
(g.+  R.) 

Waste 
(n.  + vv.) 

Balata 

Waste 

Gutta 

Resin 

Gutta 

Resin 

r. 

q- 

Gutta. 

! 

I Resin. 

43'2 

40’3 

i4‘5 

20 

83-5 

16-5 

517 

48-3 

4« 

Very  light  brown, 
brittle. 

Very  light  brown,  soft. 

47'4 

43'6 

8-3 

07 

gi'o 

9-0 

lOT 

I'l 

52-1 

47‘9 

4c 

Very  light,  elastic, 
good. 

Very  light  brown,  soft. 

43’3 

4i’6 

T3‘o 

2’I 

84-9 

i5'i 

5-6 

I'O 

5i‘o 

49-0 

5 

Very  light  brown, 
brittle. 

Nearly  colourless, 
verj-  soft. 

44'5 

41-6 

I2’2 

17 

86-1 

137 

6'2 

I’l 

517 

48-3 

4c 

Verj’  light,  elastic. 

; Very  light  brown,  soft. 

41-1 

42'6 

I4I 

2 2 

837 

i6'3 

0-97 

49-1 

507 

5 

Very  light,  elastic. 

i Light  yellow,  soft. 

42‘6 

48^0 

3 7 

57 

90' 6 

9‘4 

9-6 

0^89 

47-0 

53‘o 

5^ 

Nearly  white,  brittle,  j 

Very  light  brown, 
hard. 

2J'0 

4’3 

37'6 

58-1 

41-9 

i'4 

f2 

53'5 

46-5 

4c 

Very  light,  strong.  ; 

Pale  yellow,  hard. 

52‘4 
43 '5 

39‘8 

36-9 

5 '3 
H'3 

2 ‘5 
5‘3 

92‘2 

8o’4 

7-8 

i9'6 

I’2 

4’i 

i'3 

I‘2 

568 

54‘i 

43’2 
43 '9 

4" 

4b 

Verj'  light  brown, 
strong. 

Very  light,  strong. 

Light  yellow,  verj- 
soft. 

Yellow,  ver>-  soft. 

41-4 

34'8 

9'9 

13-8 

763 

237 

3'2 

I'2 

54‘3 

45'6 

4b 

Very  light,  strong. 

Very  light  brown,  soft. 

t The  dirt  was  determined  in  a different  portion,  and  the  loss  taken  as  water. 
5 Average  of  19  commercial  lots  representing  50  tons. 


the  resin  contained  in  balata,  a specimen 
e.xtracted  with  ether  was  carefully  heated  until 
the  weight  remained  constant,  whereby  it  lost 
4-6  per  cent.  ; it  was  then  repeatedly  treated 
with  boiling  alcohol,  from  which  the  albane 
was  precipitated  on  cooling  as  a white  crystal- 
line powder,  leaving  the  fluavile  in  solution. 
It  was  then  found  that  the  resin  consisted  of 
about  two  parts  of  albane  and  three  parts  of 
fluavile. 

I will  now  show  you,  that  on  heating,  balata 
behaves  pretty  much  like  ordinary  gutta 
percha.  I plunge  a piece  into  boiling  water 
and  you  see  it  becomes  quite  soft  and  plastic; 
I now  immerse  it  in  cold  water,  and  you  ob- 
serve that  it  slowly  hardens  again,  but  still 
remains  flexible  and  elastic,  showing  no  signs 
of  brittleness. 


the  manufacturers  against  the  material ; but 
others  retained  their  good  qualities  a long 
time,  and  I have  here  a sheet  of  balata, 
which  was  manufactured  in  January  i88i, 
nearly  seventeen  years  ago,  and  is  still 
as  sound  as  one  could  wish  it.  The  sheet 
has  been  kept  in  a comparatively  cool  cellar, 
but  without  any  special  precautions.  I am 
inclined  to  think  that  the  materials  which 
decayed  so  prematurely  had  either  been  care- 
lessly prepared  from  the  latex,  or  else  were 
obtained  by  some  special  m.ethod  of  coagula- 
tion. I shall  refer  to  the  behaviour  of  balata 
towards  atmospheric  oxygen  in  my  next  lecture, 
and  I will  now  conclude  this  subject  by  giving 
a few  data  about  the  price  of  balata,  and  the 
quantities  exported  from  the  two  principal 
producing  countries. 


TABLE  VIII.— Balata  exported  from  British  Guiana  from  1885  to  1896. 


l 

1885. 

1886 

1887. 

1888. 

1889. 

1890-91. 

1891-92. 

1892-93. 

1893-94 

1894-95. 

1895-96. 

Total. 

buant.  (cwts.).  ... 

496 

606 

723 

2,219 

3,245 

2,025 

L039 

2,120 

1,832 

1,867 

1,424 

17,596 

lvalue  {£) 

2.I13 

2.979 

3,498 

14,069 

15,652 

10,078 

6,807 

11,296 

8,283 

11,484 

8,923 

95,182 

1 

Average  val.  p.  lb. 

j.’al.  p.  lb.  (pence). 
i 

9‘i3 

io'54 

10  37 

14-17 

10-34 

1066 

i4‘05 

II  42 

9-69 

13-18 

i3’43  I 

11 ’59 

Some  of  the  specimens  of  balata  sent  to 
this  country  perished  quickly  when  exposed 
|to  air  and  light,  and  this  rather  prejudiced 
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In  1884,  two  samples  sent  to  the  Kew  Museum 
by  Mr.  G.  S.  Jenman,  were  submitted  to  the 
India  Rubber,  Gutta  Percha,  and  Telegraph 
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Works  Company,  Ltd.,  for  trial,  by  Sir  Joseph 
Hooker,  and  they  reported  that  the  materials 
lost  25  per  cent,  and  38  per  cent,  respectively 
on  washing  and  drying,  and  valued  them 
at  IS.  pd.  and  is.  3d.  per  lb.  ^ The  Silver- 
town  firm  took  an  interest  in  balata  already 
at  a very  early  date,  and  obtained  specimens 
of  it  through  Mr.  David  Melville  in  i859,  z>., 
before  the  first  samples  had  been  sent  to  the 
Society  of  Arts. 

The  price  paid  in  London  during  the  last  15 
years  for  balata  in  “sheets”  or  “blocks,” 
varied  between  is.  id.  and  2s.  6d.,  being  on 
an  average  about  is.  lod.  per  lb. 

Table  VIII.  shows  the  quantities  and  values 
of  balata,  produced  and  exported  from  British 
Guiana  for  each  year  from  1885  to  1896,  ab- 
stracted from  the  Government  Reports  on  this 
Colony. 

From  496  cwts.  in  1885,  the  annual  quantity 
gradually  rose  to  a maximum  of  3,245  cwts.  in 
1889,  whereas  it  diminished  again  to  1,424 
cwts.  in  1895-96.  The  values  per  lb.  given  in 
the  Table  have  been  worked  out  from  the  total 
quantities  and  values  of  each  particular  year. 
They  vary  between  pd.  and  iqd.,  and  are  there- 
fore notably  less  than  the  prices  asked  for  the 
material  by  the  dealers.  The  figures  in 
Table  VIII.  only  refer  to  the  export  of  balata, 
2.QXM2i\\Y  produced  the  English,  colony,  and 
not  to  the  total  amount  of  this  material  ex- 
ported from  it,  which  is  considerably  larger. 

Table  IX.  similarly  shows  the  quantity 
and  value  of  balata  exported  from  the  colony 
of  Dutch  Guiana,  for  each  year  from  1889  to 
1896  ; the  figures  being  taken  from  a report  by 

1 Vide  Mr.  Jenman’s  valuable  report  on  Balata  and  the 
Balata  Industry,  published  in  1885,  p.  16.* 
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TABLE  IX.— Balata  exported  from  Dutch  Guiaxa  fro.m  1889  to  1896. 


1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

Total. 

Quantity  (cwts.)  

30 

1,502 

1,882 

2,375 

641 

2,132 

2,631 

2,480 

13,673 

Value  {£) 

126 

7,951 

11,950 

15,086 

5,424 

18,047 

22,281 

21,000 

101,865 

Average  value  per  lb. 

Estimated  value  per  lb.  (pence)* 

9-07 

ii'34 

13-61 

13-61 

18-14 

18-14 

18-14 

18-14 

15-96 

'*  g'oyd.  per  lb.  = i fl.  per  kg.  i3'6id.  per  lb.  = ij  fl.  per  kg. 

ii‘34d.  „ = fl.  ,,  i§’i4d.  ,,  = 2 fl.  ,, 


Consul  Churchill  of  Paramaribo,  sent  to  the 
Marquis  of  Salisbury^  in  August,  1896.  The 
figures  for  last  year  were  obtained  from 


* Foreign  Office,  Miscellaneous  Series,  No.  406,*  1896. 


the  Director  of  the  Colonial  Museum  at 
Haarlem. 

In  the  next  and  last  lecture  we  shall  deal 
with  the  properties  and  application  of  the 
cleaned  material. 


I 
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IRON  ORE  IN  NORTH  SWEDEN. 

Dr.  H.  Lundbohm,  the  geologist,  who  was  com- 
I missioned  by  the  Swedish  Board  of  Trade  to  report 
I on  the  iron  ore  deposits  of  Kirunavaara  and  Luossa- 
I vara,  has  now  published  the  result  of  his  studies,  and 
' the  following  particulars  are  extracted  from  his 
j interesting  report  in  Svenska  Dagbladet  of  December 
I ist  last,  as  forming  a useful  supplement  to  the  details 
of  these  deposits  contained  in  the  paper  on  the 
“Mining  Industry  of  Sweden,”  read  before  the 
Society  by  Mr.  Bennett  H.  Brough  on  December  8th. 

The  deposits,  which  are  the  largest  of  the  kind  in 
Europe,  consist  for  the  most  part  of  magnetite,  the 
remainder  being  red  haematite  mixed  with  magnetite. 
At  Kirunavaara  the  deposit  forms  a wedge-shaped 
, mass  rising  for  some  two  miles  to  a mountain  ridge, 
the  height  of  which  varies  from  590  to  820  feet  above 
: the  lake  below.  The  deposit  dips  to  the  east  at  an 
angle  of  50°  to  60°,  and  its  thickness  varies  from  no 
to  500  feet.  The  thickness  is  found  by  diamond  bore 
holes  to  diminish  in  depth,  but  there  is  estimated  to 
be  215,000,000  tons  of  ore  above  the  level  of  the  lake, 
and  there  must  be  a considerable  quantity  below  that 
level. 

At  Luossavara  the  deposits  are  mostly  covered 
with  earth.  The  largest  is  9 miles  in  length,  and 
100  to  180  feet  in  thickness.  Borings  indicate  that 
the  width  decreases  with  increasing  depth.  The 
amount  of  ore  above  the  level  of  the  lake  is  estimated 
at  over  18,000,000  tons. 

With  the  exception  of  phosphorus,  which  is 
present  in  considerable  quantities,  the  ores  are  free 
from  impurities,  and  their  per-centage  of  iron  is 
extremely  high.  In  more  than  sixty  per  cent,  of  the 
samples  taken  at  Kirunavaara,  it  varied  from  67  to 
71  per  cent,  or  more;  whilst  at  Luossavaara  the  per- 
centage was  found  to  vary  between  67  and  70-55  per 
cent.  Sulphur  rarely  exceeds  0-05  to  o-o8  per  cent., 
and  titanium  varies  from  0-32  to  0-95  per  cent,  in  the 
Kirunavaara  ores,  and  from  0-95  to  a little  more  in 
the  Luossavaara  ores. 


Correspondence. 

^ 

SELF-PURIFICATION  OF  SEWAGE. 

We  have  heard  a good  deal  lately  of  the  purification 
of  sewage  by  bacteria,  and  various  elaborate  names 
have  been  suggested  for  this  process,  showing  all 
more  or  less  the  very  deficient  statejof  our  knowledge 
of  bacterial  chemistry.  In  my  humble  judgment, 
the  proper  name,  however,  for  the  whole  process  is 
that  adopted  by  me  above,  viz,.  Self -purification 
of  sewage.  As  to  the  various  phases  and  stages  of 
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this  process,  we  may  well  leave  descriptive  names 
until  such  times  as  more  light  has  been  thrown  upon 
them  ; at  the  present  time  we  know  too  little  about 
(hem  to  mark  the  different  stages  definitely  and 
precisely  by  different  names,  and,  to  my  mind,  any 
name  should  be  descriptive  of  the  changes  that  are 
brought  about  in  the  particular  process  to  which  it 
refers. 

In  the  application  of  sewage  to  the  land  on 
sewage  farms,  we  have  the  natural  self -purification 
of  sewage,  whilst  in  all  methods  lately  suggested 
(Sutton  or  Exeter  principle)  we  have  the  artificial 
self-purification  of  sewage,  and  in  connection  with 
this  latter  process  I would  further  suggest  the  names 
of  liquefying  bed  or  tank  for  bacteria  bed  or 
septic  tank,  and  purifying  bed  or  tank  for  filter 
or  any  other  name. 

It  would  lead  much  too  far  to  deal  with  Dr. 
Rideal’s  paper  in  detail.  I will  only  say  in  general 
that  in  my  judgment  the  “ artificial  self-purification 
of  sewage  ” has  not  yet  entered  upon  a practical 
stage,  and  that  before  the  ratepayers’  money  can  be 
expended  upon  it  on  a large  scale,  we  require  a vast 
amount  of  further  information  as  to  the  character  of 
the  effluent,  its  stability,  its  effect  upon  the  organic 
matter  and  the  animal  and  vegetable  life  in  the 
stream  into  which  it  is  discharged,  as  to  the  cost  of 
the  system,  its  working  expenses,  &c. 

In  reference  to  the  working  of  the  filters  it  is  quite 
clear,  from  a recent  letter  of  Mr.  Dibden  to  the 
Councillor  and  Guardian,  that  they  cannot  be  left  to 
take  care  of  themselves,  but  that,  on  the  contrary, 
they  must  be  very  carefully  superintended,  which  of 
course  cannot  be  done  without  a corresponding  ex- 
penditure. 

Unfortunately,  Dr.  Rideal  did  not  say  in  his  paper 
that  it  was  expressly  stated  at  the  Local  Government 
Board  inquiry  at  Exeter,  by  the  engineering  inspector, 
that  if  the  Local  Government  Board  did  sanction  the 
scheme  at  all,  it  would  be  on  the  distinct  understand- 
ing that  the  effluent  was  further  purified  by  land  treat- 
ment. I think  this  is  important,  as  otherwise  mis- 
taken opinions  might  be  formed. 

There  is  one  point,  however,  on  which,  with  your 
permission,  I should  like  to  make  a few  more  detailed 
observations,  and  that  is  as  to  the  origin  of  the  know- 
ledge that  the  purification  of  sewage  is  brought  about 
by  bacteria.  Whilst  I fully  agree  with  Dr.  Dupre's 
letter  in  your  issue  of  the  24th  inst.  I am  afraid  it  has 
escaped  this  gentleman’s  and  Dr.  Rideal’s  attention, 
that  nearly  1 5 years  before  the  date  mentioned  in  Dr. 
Dupre’s  letter,  Dr.  Alexander  Mueller  discovered — if 
I may  use  the  term — the  fact  that  the  self-purification 
of  sewage  is  brought  about  by  the  micro-organic  life 
it  contains.  This  gentleman  made  so  far  back  as 
1869,  experiments  which  were  published  in  1873  in 
“Landwirthschaftliche  Versuchstationen,”  vol.  16, 
and  on  page  263  of  this  publication  Mueller  remarks 
as  follows  : — 

“The  contents  of  sewage  are  chiefly  of  organic 
origin,  and  in  consequence  of  this  an  active  process  of 
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decomposition  takes  place  in  sewage,  through  which 
the  organic  matters  are  gradually  dissolved  into 
mineral  matters,  or,  in  short,  are  mineralised  and  thus 
become  fit  to  serve  as  food  for  plants.  To  the  super- 
ficial observer  this  process  appears  to  be  a chemical 
self-reduction ; in  reality,  however,  it  is  chiefly  a 
process  of  digestion,  in  which  the  various — mostly 
microscopically  small — animal  and  vegetable  organisms 
utilise  the  organically  fixed  power  for  their  life 
purposes.” 


And  again : — 

“ The  decomposition  of  sewage  in  its  various  stages 
is  characterised  by  the  appearance  of  enormous 
numbers  of  spirillae  then  of  vibrios  (swarming  spores) 
and  finally  of  moulds.  At  this  stage  commences  the 
reformation  of  organic  substance  with  the  appearance 
of  the  chlorophyl  holding  Protococcus,  &c.” 

Some  time  afterwards  Mueller  took  out  a patent, 
in  which  he  endeavoured  to  utilise  the  micro-organic 
life  in  sewage  for  the  purpose  of  pmification,  and 
which  I believe  was  actually  in  operation  at  one  time 
to  purify  the  effluent  of  some  works  for  the  manu- 
facture of  sugar  from  beetroot. 

F.  Emich  appears  after  Mueller  to  have  been  the 
next  to  draw  attention  to  the  agencies  by  which  the 
self-purification  of  the  sewage  is  brought  about,  for 
his  investigations  were  published  in  1885  in  “Monats- 
hefte,”  vol.  6,  p.  77  (see  also  “Chemisches  Central 
Blatt,”  1885,  p.  333).  He  examined  the  changes 
taking  place  in  [water  when  left  standing  exposed  to 
air,  and  after  agitation  with  air.  He  further  experi- 
mented with  sterilised  water,  and  investigated  the 
behaviour  of  water  to  ozone  and  hydrogen  dioxide. 

When  left  standing,  and  after  agitation  with  air, 
the  self-purification  only  took  place  if  the  water  had 
not  been  sterilised  through  boiling  and  had  not  been 
protected  against  the  entrance  of  germs  during  the 
period  of  observation.  If,  however,  sterilised  water 
was  afterwards  fully  exposed  to  the  air,  or  if  it  was 
afterwards  infected  with  ordinary  water,  the  same 
changes  took^  place  in  it  as  in  non-sterilized  water 
exposed  to  air,  viz. : the  quantity  of  potassium  per- 
manganate required  for  the  oxidation  of  the  organic 
matter,  and  the  amount  of  ammonia  decreased 
with  the  formation  of  nitrous  and  nitric  acid.  A 
direct  oxidation  through  the  oxygen  of  the  air  did  not 
take  place  ; and  even  one  brought  about  by  ozone 
and  hydrogen  dioxide,  plays  only  an  unimportant  part 
compared  with  that  played  by  the  biological 
process. 

I think  I have  given  sufficient  inforaiation  to  prove 
that  our  knowledge  of  the  self-purification  of  sewage 
through  the  micro-organic  life  it  contains  dates  back 
at  least  to  the  year  1873,  that  some  time  after 
that  year  an  attempt  was  made  to  utilise  these  forces 
on  a practical  scale. 


H.  Alfred  Roechling. 


Leicester, 

28th  December,  1897. 


THE  PURIFICATION  OF  SEWAGE  BY 
BACTERIA. 

I have  read  both  Dr.  Rideal’s  interesting  paper  on 
this  subject  and  the  letter  from  Dr.  Dupre,  which 
appeared  in  your  issue  of  the  24th  ult.,  and  whilst  I 
cannot  agree  with  the  former  that  “ until  quite  recently 
it  was  believed  that  the  purification  of  sewage  was 
simply  a process  of  oxidation,”  I am  equally  unable  to 
allow  Dr.  Dupre’s  claim — for  such  it  must  be  regarded 
— to  the  origination  of  the  idea  on  which  the  so-called 
biological  treatment  of  sewage  is  based.  He  alleges 
that  since  1884  or  1885  he  has  “by  speech  and 
writings,  endeavoured  to  comince  chemists  and 
engineers  that  the  essential  agents  concerned  in  the 
treatment  of  sewage  were  bring  organisms.”  This 
may  be  readily  granted,  and  no  one  will  question  the 
value  of  the  help  rendered  by  Dr.  Dupre  to  the  eluci- 
dation of  the  troublesome  problems  involved  in  the 
subject  under  consideration,  but  at  the  same  time,  he 
does  not  stand  alone,  and  many  others  must  also  be 
credited  with  the  same  views  and  teaching.  I have 
no  desire  to  set  up  a counter-claim,  the  fact  being  that 
such  ideas  are  the  outcome  of  gradually  expanding 
information,  and  are  necessarily  more  or  less 
common  to  many  wmrkers  and  thinkers  in  the 
same  field.  I may  therefore  be  allowed  to 
point  out  that  long  before  1884  or  1885  I had 
advocated  the  same  view.  Even  so  early  as  in  1878 
I had,  in  my  w'ork  on  “Animal  Chemistry”  (Long- 
mans and  Co.)  p.  444,  given  an  account  of  the  changes 
that  may  be  assumed  to  happen  in  organic  matters 
when  exposed  to  the  air,  pointing  out  that  in  the 
first  place,  complex  molecules,  such  as  albumin,  are 
broken  up  through  the  agency  of  certain  living 
organisms  into  simpler  compounds,  which  are  then 
attacked  by  other  forms  of  micro-organic  life,  “ the 
whole  being  supplemented  by  further  changes  induced 
by  the  presence  of  air  and  water.”  Later  on,  riz.,  in 
1880, 1 communicated  to  the  Chemical  Society  a short 
paper  on  the  “History  of  Putrefaction”  (“Joum. 
Chem.  Soc.,”  1880,  pp.  15-22),  which  dealt  to  some 
extent  wdth  the  oxygen-absorbing  capacity  of  liquids 
in  course  of  destructive  changes  by  the  influence  of  , 
bacteria;  while  in  the  same  year,  in  the  first  edition 
of  my  work  on  “Nature’s  Hygiene”  (Bailliere  and 
Co.),  p.  55,  I wrote  as  follows  : — 

“ It  appears  from  the  life-long  labours  of  Pasteur 
that  the  process  of  slow  oxidation  really  depends 
upon  the  development  of  organisms  in  the  interior 
or  upon  the  surface  of  matters  which  are  in  process 
of  decomposition,  and  that  in  the  absence  of  such 
organisms,  slow  oxidation  or  combustion  cannot  1 
occur.  Just  as  the  acetification  of  wines  or  beer 
depends  upon  vegetable  grow'ths  (such  as  mycoderma 
vini)  which  possess  the  property  of  exciting  oxidation  1 
in  the  solutions  into  wffiich  they  may  be  introduced,  ' 
so  all  other  processes  of  slow  combustion  depend ' 
upon  similar  causes ; and  here  we  get  a glimpse  of 
the  inutility  of  using  agents  like  carbolic  acid  for  the ! 
destruction  of  such  vegetable  ferments.  For  these  ! 
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ferments  are  ubiquitous,  and  have  a great  function  : 
it  is  their  natural  work  to  cause  slow  oxidation  in 
refuse  matter,  that  is  to  say,  in  matters  of  animal  and 
vegetable  origin ; and  if  we  could  by  any  possible 
means  exterminate  this  branch  of  natural  beings,  we 
should  interfere  with  the  way  which  was  originally 
created  and  intended  to  serve  as  a sanitary  measure 
for  human  welfare.” 

It  will  be  at  once  apparent  that  this  statement — to 
copy  Dr.  Dupre’s  expression — also  “covers  the  whole 
ground  and  clearly  states  the  principles  on  w’hich  the 
biological  treatment  of  sewage  is  based.” 

It  seems  to  me  that  Dr.  Dupre  does  not  give  due 
credit  to  the  earlier  work  ofFrankland  on  intermittent 
filtration  in  which  the  agency  of  micro-organisms  was 
clearly  demonstrated,  particularly  in  the  direction  of 
what  is  now  better  understood  as  “ nitrification.” 

To  sum  up,  there  is,  so  far  as  I can  see,  no  new 
idea  in  the  so-called  biological  treatment  of  sewage, 
but  merely  the  better  application  of  principles  which 
were  made  originally  clear  by  the  classical  researches 
of  Pasteur.  Many  of  us  have  driven  a nail  home 
here  and  there,  but  there  is  nothing  absolutely  new  in 
the  sewage  treatment  of  to-day,  nor  can  any  of  us  lay 
claim  to  any  originating  idea. 

C.  T.  Kingzett,  F.I.C. 

Elmstead  Knoll,  Chislehurst. 

Jan.  5th,  1898. 


General  Notes. 

4 

French  Wine  Production  in  1897.  — The 
French  “ Direction  Generale  des  Contributions 
Indirectes”  have  just  finished  their  annual  labours  in 
connection  with  the  estimate  of  the  wine  yield  in 
France,  and  for  the  year  1897  this  yield  is  calculated 
at  32,351,000  hectolitres  (711,722,000  gallons),  a 
falling  off  of  270,710,000  gallons  as  compared  wdth 
the  harvest  of  1896,  and  2,772,000  gallons  below  the 
average  of  the  last  ten  years.  In  adding  87,714,000 
gallons  for  Algeria,  according  to  the  provisional 
estimates,  and  about  6,600,000  gallons  for  Corsica, 
a total  is  arrived  at  of  about  806,000,000  gallons. 
Increased  production  is  showm  in  eighteen  depart- 
ments, particularly  in  the  six  departments  of  the  Midi 
(Aude,  Bouches-du-Rhone,  Gard,  Herault,  Pyrenees- 
Orientales,  and  Vaucluse),  chiefly  due  to  the  recon- 
struction of  the  vineyards  and  the  favourable  atmo- 
spheric influences.  In  the  remainder  of  the  territory, 
the  frosts  of  the  spring  and  the  cold  rains  of  the  latter 
part  of  the  summer  had  the  most  disastrous  results. 

I According  to  alcoholic  strength,  the  wines  of  1897 
are  sub-divided  as  follows: — Wines  of  less  than  ii 
[degrees  of  strength,  638,418,000  gallons;  wines  of 
II  degrees,  52,140,000  gallons;  wines  over  ii 
} degrees,  21,164,000  gallons.  The  value  of  the  wine 
harvest  is  estimated  at  ;(f32,868,coo. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

January  19. — “The  Projection  of  Luminous 
Objects  in  Space.”  By  Eric  Stuart  Bruce,  M.A. 

January  26. — “Fireproof  Construction  of 
Domestic  Buildings.”  By  Thomas  Potter. 

February  2. — “The  Cinematograph.”  By  Jules- 
Fuerst.  Cauiain  W.  de  W.  Abney,  C.B., 
F.R..S.,  will  preside. 

February  9. — “Compensation  to  Workmen.”  By 

A.  D.  Provand,  M.P. 

February  16. — “The  Protection  of  Industrial 
Property.”  By  J.  F.  Iselin,  M.A.,  LL.M. 

February  23. — “ Children’s  Sight.”  By  R. 
Brudenell  Carter,  F.R.C.S. 

Dates  to  be  hereafter  announced: — 

“Kites:  their  Theory  and  Practice.”  By  Captain- 

B.  F.  S.  Baden-Powell. 

“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 
“The  Recent  History  of  Papermaking.”  By 
Clayton  Beadle. 

“The  Preparation  of  Meat  Extracts.”  By  C.  R^ 
Valentine. 

“ The  Production  of  Low  Temperatures.”  By 
Professor  J.  A.  Ewing,  F.R.S. 

“ Aerial  Telegraphy.”  By  Professor  SiLVANUS 
P.  Thompson,  F.R.S. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — 

January  20. — “ Recreations  of  an  Indian  Official. 
By  the  Right  Hon.  Sir  Mountstuart  Elph instone 
Grant  Duff,  G.C.S.I.,  C.I.E.,  F.R.S.  The  Right 
Hon.  Lord  George  Hamilton,  M.P.,  will  preside^ 

February  17. — “The  Plague  in  Bombay.”  By 
Herbert  Mills  Birdwood,  C.S.I.,  M.A.,  LL.D, 
(late  Governor’s  Council,  Bombay). 

March  10. — “ India  and  Sir  Henry  Maine.” 
By  Charles  Lewis  Tupper,  C.S.I.  The  Right 
Hon.  Sir  Mountstuart  Elphinstone  Grant 
Duff  will  preside. 

March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman- Johnson,  I.C.S. 

April  21. — “The  Rise,  Progress,  and  Present 
Position  of  the  Native  Press  of  Western  India.”  By 
R.  P.  Karkaria  (of  Bombay). 

April  28.  — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — Paper  by  Sir  Alfred  Comvns  Lyall, 
G.C.I.E.,  K.C.B.,  D.C.L.  (Member  of  the  Council  of 
India).  (Title  to  be  announced.) 

The  meetings  of  January  20,  February  17, 
and  March  31,  will  be  held  at  the  Imperial 
Institute;  those  of  ]\  I arch  10,  April  21,  April 
28,  and  May  19  at  the  Society  of  Arts. 
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Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  afternoons  at  4.30 
o’clock  : — 

January  18. — “ My  Recent  Journey  from  the 
Nile  to  Souakim.”  By  Frederic  Villiers. 

February  15. — “ The  Goldfields  of  Klondyke  and 
British  Columbia.”  By  W.  Hamilton  Merritt. 

March  15. — “The  African  : what  he  is,  and  what 
he  is  capable  of  becoming.”  By  the  Rev.  Godfrey 
Hale  (Universities  Mission  to  Central  Africa). 

April  5. — “The  Sugar  Industry  in  the  West 
Indies.”  By  T,  R.  Tufnell. 


Applied  Art  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings,  at  8 
o’clock : — 

January  25. — “ Renaissance  Woodwork  in  Eng- 
land.” By  J.  Hungerford  Pollen.  William 
Tuson  Thomas,  R.I.,  wall  preside. 

February  22. — “The  Regalia  of  England.”  By 
Cyril  Davenport.  Sir  George  Birdwood, 
K.C.I.E.,  C.S.I.,  will  preside. 

March  8. — “ The  Making  of  a Stained  Glass 
Window.”  By  Lewis  Foreman  Day. 

March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B. 

April  26. — “ The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  17. — “Practical  Points  in  Italian  Majolica 
Painting.”  By  William  Burton,  F.C.S. 

Cantor  Lectures. 

The  following  courses  of  Cantor  lectures 
will  be  delivered  on  Monday  evenings,  at 
Eight  o’clock: — 

Cyril  Davenport,  “ Decorative  Book- 
binding.” Three  Lectures. 

Lecture  I. — January  24. — The  beginnings  of 
bookbinding — Assyrian  clay  tablets  in  their  cases — 
Egyptian  papyrus  rolls  — Vellum  rolls  — Roman 
diptychs — Mediaeval  bindings  in  carved  ivory,  and 
metal  covers  with  gems  and  enamels — Decorative 
bindings  in  Europe  and  the  East  up  to  and  including 
the  15th  century. 

Lecture  II. — January  31. — Decorative  book- 
binding in  Continental  Europe,  chiefly  Italy,  France, 
and  Germany,  from  the  i6th  to  the  i8th  centuries 
inclusive,  with  some  notice  of  Oriental  bindings. 

Lecture  III. — February  7. — Decorative  book- 
binding in  England  from  the  i6th  to  the  i8th  century 
— Gold  and  enamelled  bindings  made  for  Henry  VHI. 
and  Queen  Elizabeth — Bindings  embroidered  on 
velvet  of  the  Tudor  period,  and  on  satin  during  the 
17th  century — Gold  tooled  work  by  Thomas  Berthelet 
in  the  i6th  century,  by  Samuel  Mearne  in  the  17th 
century,  and  by  Roger  Payne  in  the  i8th  century,  and 
the  influence  of  these  great  binders  upon  the  art. 


Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

February  14,  21,  28,  March  7. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.  ’ ’ 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Mond.\.y,  Jan.  10. ..Imperial  Inst.,  .South  Kensington,  8J  p.m. 

Mr.  H.  C.  Richards,  “ Western  Australia  : its 
Growth  and  Possibilities.” 

Surveyors,  Savoy-street,  W.C.,  8 p.m.  Adjourned 
Discussion  on  Mr.  F.  Punchard’s  Paper,  “The 
Royal  Commissioners’  Suggested  Amendments  to 
the  Agricultural  Holdings  Act,  1883.” 

Medical,  ii,  Chandos-street,  W.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Mr.  F.  C.  Selous,  “ Travel  and  Adventure  in  South 
Africa.” 

Tuesday,  Jan.  ii.. .Medical  and  Chirurgical,  20,  Hanover- 
square,  W.,  8J  p.m. 

Civil  Engineers,  25,  Great  George- street,  S.W., 

8 p.m.  Mr.  E.  AV.  Anderson,  “ The  Machinery 
used  in  the  Manufacture  of  Cordite.” 

Photographic,  12,  Hanover-square,  W.,  8 p.m.  Dr. 
F.  Hurter  and  Mr.  Driffield,  “ The  Latent  Image 
and  its  Development.” 

Anthropological,  3,  Hanover-square,  AV.,  8J  p.m. 

Biblical  Archaeology,  37,  Great  Russell-street,  W.C., 

8 p.m.  Annual  Aleeting. 

Colonial  Inst.,  AVhitehall- rooms,  AVhitehall-place, 
S.W.,  8 p.m.  ‘ 

Asiatic,  22,  Albemarle-street,  AV.,  4 p.m. 

Wednesday,  Jan.  12... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  7 p.m.  (Juvenile  Lecture  ) Prof. 
Ramsay,  “ Fire.”  (Lecture  II.) 

Royal  Literary  Fund,  7,  Adelphi -terrace,  W.C.,  ' 
3 p.m. 

United  Service  Institution,  AVhitehall,  S.W.,  3J  p.m. 

Royal  Society  of  Literature,  20,  Hanover-square, 
W.,  I p.m. 

Thursday,  Jan.  13  ...  Antiquaries,  Burlington-house,  W., 
8|  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  6 p.m. 
Mr.  Albert  Vandam,  “An  Englishman  in  Paris.” 

Electrical  Engineers,  25,  Great  George -street,  S.AV.,  I 
8 p.m.  Inaugural  Address  by  the  President,  Mr.  , 
J.  W.  Swan.  i 

Mathematical,  22,  Albemarle-street,  W.,  8 p.m. 

Friday,  Jan.  14.. .Civil  Engineers,  25,  Great  George- street, 
S.W.,  8 p.m.  (Students’  Meeting.)  Mr.  R.  Gordon  1 
Mackay,  “Mechanical  Draught.” 

Astronomical,  Burlington-house,  W.,  8 p.m. 

Philological,  University  College,  W.C.,  8 p.m.  ! 

Clinical,  20,  Hanover-square,  W.,  8J  p.m. 

Saturday,  Jan.  15. ..North-East  Coast  Institute  of  Engineers  | 
and  Shipbuilders,  Technical  College,  AA'^est  Hartlc-  j 

pool,  8 p.m.  1 
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Notices. 


JUVENILE  LECTURES. 

On  Wednesday  evening,  12th  inst.,  Professor 
William  Ramsay,  Ph.D.,  F.R.S.,  delivered 
the  second  and  last  lecture  of  his  course  on 
'‘Fire,”  in  which  he  dealt  with  fire  as 
associated  with  electricity.  He  showed,  by 
means  of  an  induction  coil,  how  a sort  of 
miniature  lightning  w^as  formed.  The  des- 
tructive effects  of  lightning  could  be  imitated, 
for  the  sparks  would  pass  through  paper  and 
puncture  it  with  holes  ; but  if  a sheet  of  ebonite 
replaced  the  paper,  the  sparks  would  not  pass 
through  this,  but  played  round  it.  When  the 
alternating  current  from  the  street  electric 
mains  was  passed  into  the  coil,  an  actual 
flame  was  produced  between  the  terminals,  the 
nitrogen  and  oxygen  of  the  air  being  set  on 
fire,  and  the  fiame  could  be  blown  out  and 
relighted  by  a match. 

It  was  then  demonstrated  that  every  gas  has 
its  owm  colour  and  the  red  colour  of  argon  was 
shown  in  the  tube  ; w’hen  the  current  was  made 
hotter  by  means  of  a Leyden  jar  the  colour 
turned  to  blue.  It  was  at  first  supposed  that 
these  two  colours  indicated  the  existence  of 
;\vo  separate  gases,  but  this  view'  is  not  accepted 
low.  It  was  from  observation  of  the  colour 
hat  Lord  Rayleigh  and  Prof.  Ramsay  ware 
ed  to  the  discovery  of  argon. 

The  lecturer  then  referred  to  the  physical 
‘institution  of  the  sun,  and  pointed  out  that  the 
lames  from  the  sun  had  been  first  observed  in 
1 onnection  with  the  eclipse  of  the  sun.  He 
jhen  showed  a continuous  spectrum  by  means 
il'f  a beam  of  light  from  the  oxy-hydrogen  light, 
nd  afterwards  interposed  three  spirit  lamps, 
lie  wicks  of  which  had  been  soaked  in  salt, 

• hen  the  spectrum  was  broken  by  the  sodium 
Jne. 

;j  The  phenomena  of  phosphorescence  ware 
jien  exhibited,  and  the  lecture  ended  w'ith  the 
Inhibition  of  the  Rontgen  rays. 

' I he  Chairman  proposed  a vote  of  thanks  to 
I rofessor  Ramsay  for  his  interesting  course  of 
I ctures,  w’hich  was  carried  unanimously. 


EXHIBITION  OF  BOOKBINDINGS. 

In  connection  with  Mr.  Cyril  Davenport’s 
Cantor  lectures  on  “Decorative  Bookbinding,” 
an  Exhibition  of  specimens  of  Foreign  and 
English  Ornamental  Bindings  to  the  end  of 
the  eighteenth  century  will  be  held  in  the 
Reading  Room  of  the  Society.  The  Exhibition 
will  be  open  daily  from  Monday,  24th  inst.  to 
Monday,  February  ;th.  Hours  : 10  to  5 p.m., 
and  on  the  evenings  of  the  lectures. 

Members  can  admit  their  friends  by  the  use 
of  the  usual  meeting  tickets  supplied  to  mem- 
bers. Ihere  will  be  no  restriction  as  to  the 
number  of  tickets  issued. 


Proceedings  of  the  Society. 



CANTOR  LECTURES. 

GUTTA  PERCHA. 

By  Dr.  Eugene  F.  A.  Obach, 

F.I.C..  F.C.S.,  M.I.E.E. 

Lecture  III. — Delivered  December  13,  1897. 

The  Ci.ean  Material.  — Chemical  composition  and 
analysis— Physical  and  mechanical  properties— Electrical 
properties  — Application  for  various  purposes — Home  con- 
sumption— Use  of  hardened  gutta  percha— Absorption  of 
oxygen — Behaviour  towards  ozone — Deterioration  and  pre- 
servation—Artificial  substitutes — Concluding  remarks. 


Last  Monday,  I told  you  that  it  was  Mr. 
Charles  Hancock  who  first  devised  special 
machinery  for  cleansing  and  purifying  raw' 
gutta  percha,  which,  more  or  less  modified,  is 
still  in  use  at  the  present  time,  and  we  shall  pre- 
sently see  that  to  him  is  also  due  the  honour  of 
having  obtained  the  first  patent  for  the  practical 
application  of  gutta  percha.  Again  it  was  at 
the  Society  of  Arts  that  Mr.  Hancock  obtained 
his  first  specimen  for  experiment.  It  was  given 
to  him  by  Mr.  Henry  GougeF,  at  a conver- 
sazione, probably  held  during  the  w'inter  1843-44, 
and  his  son,  the  Rev.  Thomas  Hancock,  informs 
me,  that  he  well  remembers  his  father’s  great 
delight  on  first  becoming  acquainted  with  the 
new  substance,  and  his  sanguine  prediction  of 
the  many  uses  to  which  it  could  be  applied. 

It  occurred  to  me  that  it  might  interest  you 
to  see  Mr.  Hancock’s  portrait-,  and  I had  a 
lantern  slide  made  from  a photograph  kindly 
lent  me  by  his  niece  Miss  Maria  Hancock. 
Mr.  Hancock  w'as  by  profession  an  artist ; he 

1 Vide  Mr.  Hancock’s  letter  to  the  editor  Journ.Soc.  .irts 
1862,  vol.  10,  p.  366.* 

tVill  be  reproduced  in  the  Appendix. 
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was  born  at  Marlborough  on  December  i6th, 
1800,  and  died  at  Blackheath  on  July  30th, 
1877- 


Chemical  Composition  and  Analysis. ^ 
We  have  now  to  consider  th.e  composition 
and  analysis  of  cleaned  gutta  percha.  Here 
we  find  the  same  components  as  in  the  raw 
material,  viz.,  gutta,  resin,  dirt  and  water. 
The  gutta  and  resin  are  unchanged  and  in  the 
same  relative  proportion  as  before ; but  the 
dirt  now  consists  chiefly  of  colouring  matter 
i^phlohaphenes)  and  finely  ground  bark  and 
wood,  which  are  uniformly  disseminated  in  the 
material,  and  impart  to  it  the  characteristic 
reddish  or  chocolate -brown  colour 

The  amount  of  dirt  remaining  in  gutta  percha 
after  thorough  mechanical  cleaning,  depends 
essentially  on  the  nature  of  the  material,  some 
kinds  parting  with  their  impurities  much  more 
readily  than  others.  This  likewise  applies  to 
the  water  left  in  gutta  percha  after  mastica- 
tion,  some  sorts  giving  it  off  without  difficulty, 
whereas  others  tenaciously  retain  it. 

The  analysis  of  clean  gutta  percha  may  be 
carried  out  in  much  the  same  way  as  that 
of  the  raw  material,  as  described  in  the  first 
lecture  (pp.  124  and  125  ante).  The  gutta 
percha,  preferably  in  the  form  of  thin  sheet,  is 
cut  up  into  small  pieces  and  divided  into  two 
portions.  In  one,  the  water  is  determined  by 
heating  it  in  a current  of  rarefied  air  or  hydrogen 
and  absorbing  the  moisture  with  sulphuric  acid 
in  a weighed  U-tube ; in  the  other,  the  resin, 
gutta  and  dirt  are  determined.  The  resin  is 
extracted  by  means  of  cold  ether,  the  solution 
distilled  and  the  residue  carefully  heated  and 
weighed.  The  gutta  and  dirt  remaining  after 
the  extraction  of  the  resin  are  dried  in  vacuo 
and  weighed  so  as  to  check  the  other  result ; 
the  gutta  in  its  turn  is  then  dissolved  in  carbon 
disulphide  or  chloroform,  the  solution  filtered, 
and  the  solvent  distilled  off.  The  gutta  thus 
obtained  is  dried  in  vacuo  and  weighed,  and  is 
then  softened  and  pressed  into  the  form  of  a 
plate,  which  is  tested  for  elasticity  and  strength. 
In  order  to  facilitate  the  separation  of  the  dirt 


from  the  gutta  solution,  the  latter  is  either 
subjected  to  the  action  of  a centrifugal  machine 
or  it  is  mixed  with  alcohol  or  water,  according 
as  the  solution  has  been  made  in  carbon  disul- 
phide or  chloroform  respectively.  On  standing, 
the  two  liquids  separate  again,  and  the  lighter 
one,  on  rising  to  the  top,  carries  the  dirt  with 
it ; the  clear  solution  can  then  be  drawn  off  at 
the  bottom.  In  this  way  results  can  be  obtained 
which  are  sufficiently  accurate  for  most  practical 
purposes;  although,  scientifically  speaking, 
they  are  not  strictly  accurate,  inasmuch  as  the 
resin  is  not  completely  separated  from  the  gutta, 
and  the  latter  still  contains  a certain  amount  ol 
colouring  matter.  However,  these  disadvan- 
tages are  more  than  balanced  by  the  greal 
convenience  of  this  method  for  daily  use  in  the 
laboratory,  in  comparison  with  the  other  methoc 
of  precipitating  the  pure  gutta  with  alcohol. 


1 The  lecturer  before  entering-  on  his  special  subject, 
ailed  attention  to  two  specimens  of  gutta  obtained  from 

leaves  and  precipitated  from  solutions  at  the  last  lecture. 
Both  precipitates,  viz.  the  one  obtained  from  a solution  in 
toluene  by  means  of  acetone,  and  the  other  from  a solution  in 
petroleum  spirit  by  cooling,  had  since  been  washed,  and  now 
presented  a much  cleaner  appearance. 

2 The  fhlobaphenes  are  soluble  in  alkaline  solutions,  and 
are  therefore  extracted  during  the  chemical  washing  process, 
described  in  the  last  lecture.  They  can  be  precipitated  from 
the  washings  in  the  form  of  brown  flocculi  by  the  addition  of 
acids 


For  such  cases,  where  it  suffices  to  ascertn 
approximately  the  percentage  of  resin  in  cle 
gutta  percha,  I devised  some  years  ago  a raj 
method,  which  is  based  on  the  increase  of  t 
specific  gravity  of  a solvent,  ether  for  instaU'p^ 
through  the  presence  of  resin.  The  apparapi 
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(Fig.  43)  consists  of  two  glass  tubes,  closed 
at  their  lower  ends  and  provided  with  caout- 
chouc stoppers,  through  which  the  two  ends 
of  a narrow  glass  tube,  bent  in  the  form  of 
a n , pass.  A weighed  quantity  of  gutta 
percha,  cut  up  into  very  small  pieces,  is 
put  into  one  of  the  larger  tubes,  and  a 
measured  quantity  of  ether  into  the  other.  The 
ether  is  then  driven  over  into  the  first  tube 
and  left  for  a certain  time  in  contact  with  the 
gutta  percha.  It  is  then  driven  back  and  its 
specific  gravity  measured  with  a special  hydro- 
meter, which  is  provided  with  a thermometer. 
The  apparatus  stands  in  a wooden  box,  with 
glass  windows  back  and  front,  so  as  to  ensure 
uniformity  of  temperature,  and  special  pre- 
cautions are  taken  to  guard  against  loss  by 
evaporation,  &c.  Tables  have  been  prepared 
for  use  with  this  apparatus,  by  means  of  which 
the  percentage  of  resin  can  be  directly  read  off 
from  the  increase  of  specific  gravity. 

Physical  and  Mechanical  Properties. 

The  physical  and  mechanical  properties  of 
gutta  percha  depend  chiefly  on  its  chemical 
composition,  i.e.  upon  the  relative  proportion  of 

gutta  and  resin,  or  ratio  ^ ; but  as  far  as  the 

specific  gravity  is  concerned,  the  constitution 
of  the  resin,  and  probably  that  of  the  gutta 
also,  asserts  itself.  The  specific  gravity  of 
gutta  percha  of  average  composition  is  prac- 
tically the  same  as  that  of  water  ; but  the 
individual  brands  differ  somewhat  from 
each  other,  some  being  lighter  and  others 
heavier  than  w^ater.  In  this  bottle  I have  a 
number  of  small  spheres  of  different  kinds  of 
gutta  percha,  immersed  in  distilled  water,  and 
you  observe  that  most  of  them  float  ; but  a few 
have  sunk  to  the  bottom.  Table  X.  gives  the 
specific  gravities  of  twelve  different  sorts,  in- 
cluding an  average  material,  obtained  by  mix- 
ing different  brands  in  the  masticator,  after 
they  had  been  cleaned.  The  Table  also  gives 
the  specific  gravity  of  gutta  percha  obtained 
from  leaves  by  my  process,  as  well  as  those 
of  balata  and  Para-caoutchouc,  for  comparison. 
It  will  be  seen  that  by  far  the  lowest  specific 
gravity  is  that  of  the  material  obtained  from 
leaves,  the  “ soondie  ” following  next,  then  the 
“ genuine  ” and  finally  the  “ Bulongan  white  ” 

I and  “mixed  white,”  which  are  the  heaviest. 

I The  gutta  percha  used  for  these  deter- 
l minations  w'as  in  the  form  of  sheet  2*2 
I mm.  thick,  and  the  air  was  completely 
\ removed  frjm  the  strip  under  the  receiver  ol 
I an  air-pu  np,  before  the  final  weighing  was 


taken.  The  temperature  of  the  water  was 
accurately  adjusted  to  15°  C,  and  the  specific 
gravities  given  in  the  Table  are  those  compared 
with  water  of  that  temperature.  The  Table 
further  gives  the  ratio  § for  each  material. 
The  complete  analysis,  including  a determina- 
tion of  the  ashes,  will  be  given  in  the  Appendix. 


TABLE  X.— Spfxific  Gravity  of  Cleanp.d  Gutta  Percha 
(2‘2  m.Jm.  Sheet  at  15°  C.) 


Description 
of  Material. 

.Spec.  gray. 

Ratio 

G. 

R. 

Pahang  

0-9858 

3 9 

I. 

Banjer  red 

0-9868 

4-0 

Genuine. 

Bulongan  red 

0-991 1 

3-4 

Mean 

0-9879 

3-8 

Bagan 

0-9709 

i'44 

II. 

Kotaringin*  

0-9729 

I '30 

Soondie. 

Serapong 

0-9767 

1 1-38 

Mean 

0-9735 

i‘37 

III. 

Bulongan  white 

1-0093 

1 I '57 

Mixed  white  

i"oi86 

! 

White. 

Padang  white 

0-9911 

! 1-40 

Mean 

1-0063 

' 1-37 

Padang  reboiled  

0-9960 

I-I8 

IV. 

Sarawak  mixed 

0-9912 

1-20 

Mixed. 

Mixed  after  cleaning 

I "0022 

i‘75 

Mean...  

0-9965 

1-38 

V. 

Various. 

Balata 

0-9731 

1-16 

G.P.  from  leaves 

0-9625 

5’i9 

Para-caoutchouc 

1 

0-9275 

— 

* Goolie  red. 


The  same  description  of  sheets  was  used  fo 
determining  the  absorption  of  w'ater  after  pro- 
longed immersion,  the  experiment  extending 
over  18  weeks.  The  area  of  each  strip  exposed 
to  the  water  was  approximately  one  square 
decimeter,  and  its  weight  about  10  grams. 
The  results  are  plotted  in  diagram  No.  44,  in 
which  the  materials  are  again  divided  into  the 
four  groups  for  better  comparison,  the  actua 
figures  appearing  in  the  Appendix.  As  will  b c 
observed,  the  materials  belonging  to  each  group 
behave  much  alike,  which  shows  that  there  is 
really  a kind  of  relationship  between  them,  and 
we  shall  find  this  similarity  between  the  mem- 
bers of  each  group  in  other  respects  also' 
The  smoothed  mean  curves  tor  each  group, 
directly  deduced  from  observation,  are  shown 
in  Fig.  45  on  the  left,  and  the  correspondir.g- 
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Absorption  of  Water  by  different  Brands  of  Gutta  Percha.  ' | 

Thickness  of  sheet,  2‘2-m/m.  ; iLrea,  i sq.  dm.  ; weight,  10  g. 
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values,  reduced  to  “ pure  gutta,”  on  the  right. 
The  reduction  to  pure  gutta  is  based  on  the 
assumption  that  it  is  the  hydrocarbon  which 
chiefly  absorbs  the  water, ^ the  resin  being 
practically  impervious  to  it.  It  is  interesting 
to  observe  that  after  reduction  to  pure  gutta, 
the  best  kinds  of  material  are  the  most  pervious. 


as  is  well  known,  a very  much  greater 
absorptive  power  for  water  than  gutta  percha, 
and  this  is  still  the  case  after  reduction  to  pure 
gutta,  as  the  curves  show. 

Similar  experiments,  in  which  sea  water 
was  used  in  place  of  the  water  from  the 
Kent  Water  Company,  gave  very  curious 


Genuine  Mixed 

Soondie  ‘ Leaves 

White  I ' Ba/ata  x x x 


Caoutchouc » 


Absorption  of  AVater  by  Different  Classes  of  Gutta  Percha. 

Thickness  of  sheet,  2'2  m/m.  ; area,  i sq.  dm. ; weight,  10  g. 


and  the  gutta  percha  from  leaves  the  least ; 
vhereas  if  the  materials  be  directly  compared 
vith  each  other,  the  “white”  sorts  show  the 
east  absorption.  Pure  Para-caoutchouc  shows, 

* As  the  materials  all  contain  over  i per  cent,  of  water 
efore  immersion,  the  dirt  contained  in  them  must  have  been 
ompletely  saturated  beforehand,  so  that  practically  no 
jrther  absorption  of  water  by  it  can  take  place. 


results,  to  which  I shall  refer  on  another 
occasion. 

Another  physical  property  of  gutta  percha, 
which  is  of  some  practical  importance,  is  the 
softening  temperaliire,  which  depends  almost 
entirely  upon  the  relative  proportion  of  gutta 
and  resin,  as  I should  like  to  demonstrate  to 
you  by  an  experiment. 
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I have  here  a little  apparatus  (Fig.  46)  con- 
sisting of  a rectangular  frame,  in  which  three 
strips  (1,2,  and  3)  of  gutta  percha  are  each 
held  under  the  tension  of  a spring,  it  being  so 
arranged  that  an  electric  contact  is  established 
and  an  alarum  sounded  as  soon  as  one  of  the 
strips  becomes  soft  enough  to  allow  the  spring 
to  pull  it  apart.  The  three  materials  con- 
tain 2\,  38  and  60  per  cent,  of  resin  re- 


Fig.  46. 


Softening  Temperature  of  Gutta  Percha. 


spectively,  the  one  with  the  low  percentage 
having  been  artificially  produced.  The  frame 
with  the  strips  is  immersed  in  water  contained 
in  a large  beaker,  which  is  being  slowly  heated 
on  a sand  bath.  The  temperature  of  the  water 
is  now  about  40°  C.  and  nothing  has  yet 
occurred.  On  reaching  42°  C.  the  bell  sounds 
for  the  first  time  and  shutter  No.  3 of  the 
indicator  drops,  which  shows  that  the 


material  containing  60  per  cent,  of  resin 
has  sufficiently  softened  to  give  way  to  the 
spring ; — now  the  bell  rings  a second  time  and 
shutter  No.  2 drops.  I find  the  temperature 
of  the  water  to  be  48°  C.  A rather  long  time 
elapses  before  the  bell  rings  a third  time  and 
No.  I shutter  drops  ; — however,  you  hear  it  now 
and  the  temperature  at  which  the  strip  with 
2\  per  cent,  of  resin  softens  I find  to  be  about 
55°  C.i 

A third  physical  property,  viz.  the  time  re- 
quired by  a material  to  become  hard  again  on 
cooling,  after  having  previously  been  softened 
in  hot  water,  also  depends  chiefly  on  the 
relative  percentage  of  gutta  and  resin,  as 
you  will  see  from  some  Tables  to  be  given 
later  on ; but  time  will  not  permit  me  to 
enter  more  fully  into  the  subject,  and  I must 
now  consider  the  mechanical  properties. 

The  principal  mechanical  property  with 
which  we  have  to  deal  is  the  te7isile 
strength.  When  gutta  percha  is  stretched 
it  becomes  much  stronger,  as  you  observe 
when  I pull  this  thin  strip  apart  by  hand. 
At  first  it  gives  way  easily ; but  after  it  has 
stretched  to  a certain  extent,  it  becomes  so 
strong  that  I cannot  further  lengthen  it. 

I can  show  you  this  more  distinctly  with  the 
large  apparatus  (Fig.  47)  which  I have  here. 
You  observe  the  thin  rod  of  gutta  percha  with 
the  thickened  ends,  technically  called  a “gut,” 
suspended  from  the  bracket  at  the  top.  I 
apply  a weight  of  4 lbs.  to  it  and  you  see  it 
stretches  at  once  to  a certain  point  on  the  scale, 
but  it  does  not  break,  even  if  I apply  twice 
that  weight,  although  the  gut  has  become 
considerably  thinner  than  at  first.  To  accelerate 
matters,  I now  load  it  with  21  lbs.,  it  stretches 
still  further  and  now  breaks.  If  the  experi- 
ment had  been  carefully  made,  and  the  breaking 
strain  per  square  inch  of  original  area  taken, 
as  is  usual,  it  would  have  worked  out  to  be 
something  between  2,000  and  3,000  lbs.  for 
that  particular  material ; but,  if  instead  of  the  ’ 
original  area,  the  final  sectional  area  at  break-  | 
ing  had  been  taken,  the  strain  would  have  been  ! 
found  to  be  about  12,000  lbs.  per  square  inch,  ji 
I have  other  guts  here  made  of  materials  'i 
having  different  percentages  of  resin.  If  I || 
were  to  test  them  in  the  same  way,  you  would  j 
see  that  their  tensile  strength  depended  largely  !| 
on  these  percentages.  Here,  for  instance,  is 
a material  having  about  45  per  cent,  of  gutta 

^ These  figures  are  only  of  relative  value,  depending  on  the  ' 
conditions  of  the  experiment.  They  are  not  comparable  with 
those  given  in  the  Tables  which  follow  ; this  also  applies 
to  other  figures  obtained  during  the  lecture. 
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and  55  per  cent,  of  resin,  which  breaks  at 
about  770  lbs.  to  the  square  inch  ; here  is 
another  gut  of  the  same  material,  after  most 
of  the  resin  has  been  extracted  with  petroleum 
spirit,  and  for  this  nearly  twice  that  breaking 
strain  would  be  required. 


Fig.  47. 


Apparatus  for  Testing  Golf  Balls. 

Shown  in  use  for  Stretching  Test. 

The  elongation,  i.e.  the  extent  to  which  a 
gut  stretches  before  it  breaks,  is  also  greatly 


affected  [by  the  percentage  of  resin,  being  in 
the  last  two  cases,  for  instance,  460  and  500 
per  cent,  respectively,  but  it  also  depends 
on  the  nature  of  the  gutta. 

There  are  also  other  properties,  such  as  the 
degree  of  hardness  at  ordinary  temperatures, 
the  resistance  to  pressure,  or  to  a blow’,  or  to 
shearing,  which  are  all  greatly  affected  by  the 
percentage  of  resin  ; however,  I can  only  call 
attention  to  these  in  passing  and  we  must  now 
consider  the  more  important 

Electrical  Properties. 

These  depend  chiefly  on  the  nature  of  the 
gutta  and  to  a lesser  extent  on  that  of  the  resin  ; 
but  only  very  slightly,  on  the  relative  proportion 
of  these  two  components.  They  also  depend 
upon  the  nature  and  amount  of  the  impurities, 
and  on  the  water.  We  shall  see  later  on,  that 
the  electrical  properties,  i.e.  the  insulation 
resistance  and  inductive  capacity,  are  very 
little  affected  by  the  extraction  of  the  resin, 
unlike  the  physical  and  mechanical  properties. 

The  insulating  property  of  gutta  percha  was 
first  observed,  as  far  as  I know,  by  Dr.  Werner 
von  Siemens  in  the  year  1846.  Faraday  also 
noticed  this  property  somewhat  later,  and 
recommended  gutta  percha  for  insulating 
purposes  in  March,  1848.^ 

I should  like  to  show  you  the  two  principal 
electrical  qualities  of  gutta  percha  by  an 
experiment.  I have  here  an  electroscope  (Fig. 
48),  with  a flat  brass  disc  at  the  top,  and 
below  it  two  pith  rods  suspended  on  either  side 
of  a fixed  strip  of  brass,  which  throw  their 
shadow  on  to  a screen  in  front  of  the  instrument. 
I spread  a thin  piece  of  gutta  percha  tissue 
over  the  brass  disc  like  a table-cloth,  and 
now  charge  the  electroscope  by  means  of 
the  brass  knob  at  the  side.  You  obser\’e  the 
pith  rods  diverge  and  now  remain  stationary. 
1 lay  my  fingers  on  the  top  of  the  disc,  so 
that  they  are  separated  from  it  by  the  tissue, 
and  you  observe  the  rods  slightly  converge  and 
then  remain  stationary.  On  withdrawing  my 
hand  they  again  take  up  their  former  position. 
Now,  this  simple  experiment  demonstrates 
two  electrical  properties  of  gutta  percha  at 
the  same  time.  The  fact  that  I could  hold 
my  hand,  which  through  my  body  was  con- 
nected to  earth,  on  the  other  side  of  the  thin 
tissue  for  a considerable  time,  without  dis- 
charging the  electroscope,  shows  its  excellent 
insulating  quality ; and  the  binding  of  the 
electrical  charge  of  the  disc  of  the  electro- 


1 Phil  Mag.,  1848,  vol.  32,  p.  165.* 
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scope,  indicated  by  the  temporary  partial 
collapse  of  the  pith  rods,  whilst  my  hand 
rested  on  the  tissue,  showed  the  inductive 
capacity  of  the  material.  The  insulation 
should  be  as  high  as  possible  and  the  inductive 
capacity,  for  most  purposes,  as  low  as  possible  ; 
but  whereas  the  latter  is  mostly  associated 
with  other  good  qualities  of  the  material,  such 
is  not  always  the  case  with  a high  insulation. 

Faraday,  it  appears,  had  some  difficulty 
in  1848  in  obtaining  gutta  percha  with  a 
sufficiently  good  insulation  for  his  purposes  ; 


Fig.  48. 


Insulation  and  Electrostatic  Capacity  of 
Gutta  Percha. 

but  he  found  that  this  was  due  to  an  excessive 
amount  of  water  contained  in  the  commercial 
material.  This  is  rather  an  important  matter, 
and  I should  therefore  like  to  show  you  some 
experiments  on  the  effect  of  water  in  gutta 
percha  on  its  insulating  property.  I have  here 
some  strips  containing  about  15  per  cent.,  10 
per  cent.,  5 per  cent.,  and  2\  per  cent, 
respectively,  and  I charge  the  electroscope 
again,  as  you  see  from  the  divergence  of  the 
pith  rods.  I now  touch  the  brass  knob  with 
the  strip  containing  15  per  cent,  of  water. 


pressing  my  finger  against  the  other  side 
of  the  same,  and  you  observe  the  pith  rods 
gradually  converge  ; but  as  they  do  not 
regain  their  former  position  when  I remove 
the  strip  it  shows  that  the  charge  has  been 
dissipated  by  the  contact  with  the  strip.  I re- 
peat the  experiment  with  the  next  strip  con- 
taining 10  per  cent.,  and  you  observe  how 
much  more  slowly  the  charge  disappears.  I 
take  the  one  with  5 per  cent,  and  find  it  to 
be  a good  insulator,  in  fact,  practically  equal 
to  that  containing  2\  per  cent,  water ; but  I 
must  mention  that  different  kinds  of  gutta 
percha  behave  differently  in  that  respect.  We 
shall  recur  to  the  influence  of  water  on  the 
electrical  properties  presently,  when  I shall 
give  you  some  exact  figures  ; but  I should  first 
like  to  call  your  attention  to  Table  XI., 
which  gives  the  specific  insulation  and  in- 
ductive capacity  of  various  specimens  of 
gutta  percha^  in  comparison  with  other 
materials,  such  as  paraffin  wax,  colophony, 
ebonite,  &c.,  known  to  be  good  electrical 
insulators.  I also  give  these  particulars  for 
an  average  sample  of  the  resin  extracted  from 
gutta  percha  by  means  of  petroleum  spirit. 
The  insulation  in  Megohms  at  75°  F.  is  given 
per  cube  knot  of  the  material  and  also  per 
knot  of  a cylindrical  layer  or  tube,  whose 
outside  diameter,  D,  and  inside  diameter,  d,  are 
in  the  ratio  10:1,  so  that  Log.  L = which 
is  a convenient  way  of  expressing  it  for 
the  cable  manufacturer.  The  specific  in* 
ductive  capacity  in  Microfarads  is  also 
given  per  cube  knot  and  for  a tube  with 
Log.  L = I,  it  is  also  compared  with  that 
of  air  as  a standard,  the  usual  way  of  expressing 
specific  inductive  capacity  in  text-books. 

The  figures  show  how  greatly  these  elec- 
trical data  vary  for  different  specimens  of  gutta 
percha.  Take,  for  instance,  the  insulation 
per  cube  knot,  which  is  only  382  Megohms 
in  the  case  of  the  lowest  material,  otherwise  of 
very  good  description,  and  as  much  as  139,300 
Megohms,  i.e.  365  times  the  former  amount, 
in  the  case  of  the  highest,  otherwise  inferior 
material. 

As  regards  the  gutta  percha  from  leaves, 
Lord  Kelvin  and  Dr.  Hopkinson  found  a higher  1 
insulation  for  Serullas’  material  than  we  our-  j 
selves  obtained  for  mine  ; but  we  have  also  | 
occasionally  observed  equally  high  insulations  I 


1 The  electrical  and  mechanical  tests  were,  if  not  otherwise 
stated,  all  made  in  the  Core  Testing  Department  of  Messrs. 
Siemens  Brothers  & Co.’s  works  at  Woolwich,  under  the 
superintendence  of  Mr.  Paul  Estler. 
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TABLE  XI. — Electrical  Properties  of  Gutta  Percha  and  some  other  materials. 


Insulation  Resistance  (Megohms). 

In^ 

ductivc  Capacity  (Microfarads). 

Description  of  Material. 

Per  cube 
knot. 

Per  knot  ^log  ~ 

Source. 

Air  = I. 

Per  cube 
knot. 

Per  knot  ^log  -^=  i.^ 

c 

A 

Gutta  Percha  : 

Cleaned  commercial,  highest  

139.300 

51,050 

(b 

4*496 

o*o8oi 

i 

j 0*2184 

(b 

,,  „ lowest 

382 

140 

(b 

2*619 

0-0466 

0*1272 

(b 

From  leaves,  Serullas’ 

57,980 

21,260 

(b 

2*950 

0*0525 

0*1433 

lb 

„ „ ,,  

120,700 

44,260 

(b 

3*120 

0*0555 

0*1515 

(b 

,,  ,,  Obach’s 

48,630 

17,830 

(b 

2*707 

0*0482 

, 0*1315 

(b 

Willoughby  Smith’s 

955 

350 

lb 

3122 

0*0556 

0*1515 

(b 

Balata 

2,145 

786 

(b 

2*724 

0*0485 

0*1323 

(b 

Caoutchouc : 

Pure  vulcanised 

130,000 

47,660 

(b 

2*662 

0*0474 

0*1293 

(b 

Mixed  vulcanised 

81,700 

29,950 

(b 

3 '405 

0*0606 

0*1654 

(b 

Pure  unvulcanised 

*5,440 

5,^59 

(b 

2 '505 

0*0446 

* 0*1217 

(b 

Submarine  cable 

— 

— 

3'56i 

0*0634 

0*1730 

(b 

Overland  telegraph  cable  

— 

— 

3 ’405 

0*0606  1 

0*1654 

(b 

Ebonite 

16,540 

6,061 

(b 

3*160 

0*0562  1 

0*1534 

(b 

Paraffin  Wax 

34,230 

12,550 

(b 

2*310 

0*0411 

0*1122 

lb 

Sulphur 

21,180 

7,764 

(b 

3'825 

0*0681 

0*1858 

(b 

Resin  ; 

Colophony 

21,700 

7,952 

(b 

2’55o 

0*0454 

0*1239 

(b 

Extracted  from  gutta  percha 

14,360 

5,264 

(b 

3-270 

0*0582 

0*1587  1 

(b 

Water 

— 

— 

75*700 

1*3480 

3*6770  I 

lb 

(1)  Our  own  determinations.  (^)  Clark  and  Sabine’s  “ Electrical  Tables  and  Formulie.” 

C^)  Lord  Kelvin’s  Report  to  the  Gutta  Percha  Corporation.  (®)  Foussereau  (1888)  tested  at  69°  C. 

Dr.  Hopkinson’s  Report  to  the  Gutta  Percha  Corpora-  (®)  Boltzmann, 

tion.  (^)  E.  B.  Rosa. 


in  gutta  percha  extracted  from  leaves  by  my 
process.  Paraffin  wax,  colophony,  ebonite,  &c. , 
are  intermediate  between  the  maximum  and 
I minimum  found  for  gutta  percha  ; but  pure 
vulcanized  caoutchouc  has  a very  high 
insulation,  approaching  the  maximum  observed 
for  gutta  percha.  The  specific  inductive 
capacity  also  shows  notable  variations,  the 
lowest  figure  per  cube  knot  being  -0466  and  the 
highest  *0801 . In  this  respect  the  gutta  obtained 

I from  leaves  by  extraction  with  petroleum  spirit 
compares  favourably  with  that  of  the  best 
sorts  of  ordinary  gutta  percha.  Pure  vulcanized 
I caoutchouc  lies  between  the  lowest  figure 
I and  that  of  the  gutta  from  leaves,  viz.  '0474 
Microfarad.  Paraffin  wax,  a hydrocarbon  like 
pure  gutta  and  caoutchouc,  has  the  lowest 
I inductive  capacity  of  all  the  materials  recorded 
in  Table  XL,  viz.  •0411;  water,  on  the  other 
hand,  has  the  highest  known  of  any  substance, 

I z.e.  I *348  Microfarad  per  cube  knot.  The  sig- 
! nificance  of  this  will  be  seen  on  consideration  of 
I Table  XII.,  which  gives  the  insulation  and 


inductive  capacity  of  several  brands  of  gutta 
percha  each  with  a high  and  a low  percentage  of 
water.  The  decrease  of  insulating  power  with 
higher  percentages  of  water  is  unmistakable  ; 
although,  perhaps,  it  is  not  so  great  as  one 
might  expect.  On  the  other  hand,  the  etfect 
of  a larger  percentage  of  water  on  the  in- 
ductive capacity  is  very  marked,  particularly 
in  the  case  of  “ Banjer  white,”  and  Bulongan 
white,  but  also  in  “ Pahang  ” and  “ Bagan.” 

A third  electrical  property,  which  has 
recently  come  into  prominence,  is  what  is 
called  the  dielectric  strength  or  resistance 
to  piercing  by  high  voltages.  Table  XIII. 
gives  the  dielectric  strength  of  various  gutta 
percha-covered  wires  (cores),  and  the  corres- 
ponding thickness  of  the  insulating  material 
or  dielectric  ; it  also  gives  for  comparison 
the  dielectric  strength  of  caoutchouc-covered 
wires  and  of  ebonite.  You  observe  that  a 
thickness  of  a little  over  a inch  of  gutta 
percha  breaks  down  with  40,000  volts,  and 
one  of  about  inch  with  28,000  volts. 


I 

I 


TABLE  XII. — Insulation  (Megohms)  and  Induction  (Microfarads)  per  Cube  Knot,  with  Low  and  High  Percentages  of  Water, 
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TABLE  XIII. — Dielectric  Strength  of  Gutta  Percha  in 
Comparison  with  other  Materials. 


Gutta  Percha  : 


Copper 
per  knot. 


G.P. 
per  knot. 


^ 500  lbs. 

320  lbs. 

Cores  of  various  1 

i 450  „ 

280  „ 

sizes,  from  sub-  < 
marine  cables...  j 

107  „ 

150  M 

' 107  „ 

130  M 

V 130  M 

130 

/Pahang .... 

, Banjer  red 

Test -cores  made  ] Bulongan  red 

from  j Bagan  soondie  

Serapong  soondie.. 
■ G.P.  from  Leaves... 


0’I27 

o’ 109 
0-0925 
o’o825 
o’oSoj 

0-051 

0-058 

0-048 

o’049 

0-054 

0-047 


Caoutchouc : 

Core  of  Overland  Telegraph  Cable. 

Core  of  Submarine  Cable  

Ebonite 


O’I02 

0-078 

0-130 


Voltage 
at  which 
Dielectric 
broke 
down.^ 


40.000 

28.000 

18.000 

15.000 

14.000 

19.000 

20.000 

19.000 

15.000 


17,000 


20.000 

19.000 

38.000 


1 A comparatively  low  voltage  was  first  applied  ; this  was 
raised  by  1,000  volts  about  every  ten  minutes,  until  the 
dielectric  broke  down. 


Table  XIV.  gives  the  chemical  composition 
and  the  physical,  mechanical,  and  electrical 
properties  for  the  different  grades  of  each  of 
the  twelve  brands  of  gutta  percha  with  which 
we  have  become  acquainted,  each  row  of 
figures  being  the  average  of  the  results 
obtained  from  a certain  number  of  individual 
lots,  as  stated  in  the  Table.  The  figures  here 
given  are  most  interesting  and  instructive,  and 
clearly  show  how  largely  the  physical  and 
mechanical  properties  of  gutta  percha  de- 
pend upon  its  chemical  composition,  t.e.  the 
relative  proportion  of  gutta  and  resin,  or 
ratio  ^ . It  almost  looks  as  if  the  specific 
insulation  and  induction  also  followed  this  rule, 
inasmuch  as  both  mostly  increase  with  an 
increasing  amount  of  resin  ; but,  as  I have 
pointed  out  before,  this  connection  is  only  an 
apparent  one,  the  electrical  properties  being 
in  reality  only  slightly  affected  by  the  removal 
of  the  resin,  whereas  the  physical  and  mechani- 
cal properties  are  entirely  changed  thereby. 

The  two  temperatures  given  in  the  Table, 
viz.  that  at  which  the  respective  material 
softens  and  that  at  which  it  becomes  pliable, 
have  merely  a relative  value,  and  only  hold 
good  for  the  particular  method  of  testing  here 


January  14,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


H9 


TABLE  XIV. 

Chemical  Composition,  Physical,  Mechanical,  and  Electrical  Properties  of  Various  Brands 

OF  Gutta  Percha. 


Descriotion  of  material. 

Percentage  composition. 

Quality. 

Physical  properties. 

Mechanical 

Electrical 
1 properties 

properties. 

1 (per  cube  knot.) 

Temperature 

Insula- 
tion. 
75“  F. 
2ndmin. 

1 

ii 

Gutta 

Resin. 

Dirt. 

Water  Ratio 

Q. 

when 

fci 

Tensile 

Elonga- 

1  Induc- 

tive ca- 

Group. 

Name  of 
brand. 

Grade. 

0 

G. 

R. 

D. 

W. 

G 

R 

com- 
lencing 
3 soften 

' pliable. 

2 i 
h*h 

strength 

lbs. 

tion. 

1 pacity. 

per 

Meg. 

Micro- 

6 

p.c. 

p.c. 

p.c. 

p.c. 

° C. 

0 C. 

Mins. 

sq.  in. 

percent. 

ohms. 

farads. 



I. 

19 

8o’o 

177 

I ‘4 

0-9 

472 

IC 

48'8 

66'i 

22 

5.067 

444 

1,077 

•0511 

Pahang ... 

II. 

9 

77-8 

i9’o 

I ‘8 

»'4 

4'io 

2 

48*3 

64*4 

4, 

4.138 

414 

1 2,662 

*0559 

III. 

12 

74-8 

22'0 

I ‘5 

17 

3*41 

2» 

457 

65*5 

3i 

3.940 

410 

j 4.326 

*0558 

Average 

40 

78-1 

I9’2 

I ‘5 

I’2 

4 '08 

2 

47*7 

65*5 

3i 

4.577 

427 

2,408 

*0535 

bi 

55 

Banjer  j 

red  j 

I. 

27 

70‘5 

26'9 

2o'6 

I ’4 

I’2 

2'62 

2b 

45*0 

67 '2 

5 

4.123 

3.546 

417 

3.723 

*0542 

II. 

22 

67'5 

i’5 

I ’4 

2'28 

3 

44*4 

65*5 

5 

377 

6,113 

*0559 

^ - 

III. 

21 

62  "o 

35’o 

i‘t> 

I ’4 

177 

3«= 

42'2 

65*0 

II 

2,932 

384 

10,150 

*0580 

0 

1. 

Average 

70 

6y’o 

30*2 

i’5 

I ’3 

2'22 

3 

43*8 

66' I 

1 C2 

3,584 

394 

1 6,400 

1 *0559 

Bulongan  I 
red  I 

I. 

10 

73’4 

24-2 

I '4 

I'O 

3 ’03 

2C 

46'! 

64*4 

4 

4,200 

440 

4,511 

*0537 

II. 

7 

677 

29‘8 

I '4 

I*I 

2'27 

3 

45*5 

62'7 

7 

3,400 

5,292 

*0554 

III. 

5 

60-3 

37‘4 

i'3 

I'O 

i'6i 

3b 

43*8 

62'2 

i5i 

2,494 

383 

17,200 

*0579 

Average 

22 

68-6 

29’o 

I '4 

I'O 

277 

3 

45*5 

63*3 

1 « 

3,557 

419 

7,643 

*0552 

^ Bagan  | 

I. 

13 

577 

40 ’6 

I’O 

07 

1*42 

4a 

40'o 

61 '6 

9, 

2,528 

383 

10,800 

; *0523 

II. 

8 

57'o 

4i’3 

I'l 

o'6 

1*38 

4“ 

39*4 

6i'6 

lOj 

2,274 

373 

5,357 

' *0525 

Average 

21 

57’5 

40-9 

I’O 

o'6 

I '40 

4a 

40'o 

6i'6 

9^ 

2.431 

379 

5,728 

1 *0524 

c 

Kotar-  / 

I. 

18 

57'8 

40'3 

I‘2 

07 

1*43 

4 

40'o 

6i'i 

12 

2,443 

383 

3,284 

*0541 

z 

0 

ingin  | 

II. 

17 

55'6 

427 

I’O 

07 

I '30 

4» 

39*4 

6i'i 

17^ 

2,088 

307 

2,859 

*0558 

c J 
1 

Goolierod  ( 

:iii. 

13 

5i'3 

46’2 

i'6 

o'9 

I'll 

4c 

38*3 

5^*4 

34 

1,654 

365 

5,'^24 

'0604 

I 

ci 

Average 

48 

55'2 

42-9 

1'2 

07 

1*29 

4a 

39*4 

6o'5 

20 

2,094 

372 

3,739 

1 *0563 

Serapong  | 

I. 

18 

57'5 

4i’o 

I'O 

0*5 

I '40 

4a 

41*1 

6o'5 

12 

2,466 

390 

35,180 

*0536 

II. 

13 

54'4 

44'4 

07 

o’5 

I '23 

4b 

40'0 

6o'5 

20 

2,239 

392 

31,340 

•0540 

Average 

31 

56-2 

42-4 

o'9 

0-5 

1*33 

4a 

40*5 

6o'5 

i5f 

2,371 

391 

33,590 

1 *0537 

i 

r ( 

Bulongan  j 

4 

52’5 

45 ‘0 

15 

I'O 

i'i6 

4b 

4i'6 

7o'o 

18 

2,537 

420 

46,3  "0 

'0381 

; II. 

3 

517 

45 ‘9 

I '5 

o'9 

1*13 

4« 

40'o 

65*5 

31 

2,392 

433 

41,330 

*0555 

Average 

7 

52-2 

45'4 

I ‘5 

o'9 

i'i5 

4<= 

4i'i 

67*7 

23i 

2,474 

426 

44,220 

*0570 

= 

! Mixed  I 

I. 

3 

52-0 

46’o 

1*2 

o'8 

4c 

42'7 

78'8 

19 

3.180 

418 

86,550 

*0541 

; II- 

5 

48-5 

487 

O'q 

27 

I '00 

5 

42*7 

74*4 

23 

2,169 

332 

56,520 

'0644 

- 

Average 

8 

49-8 

47’4 

I'l 

17 

1*05 

5 

42*7 

76'! 

2I| 

2,548 

364 

67,800 

'0606 

I 

Banjer  | 

I. 

7 

53’6 

42-9 

1*7 

I '8 

1*25 

4b 

43*3 

75*0 

24 

3,026 

406 

45,780 

'0612 

j 

II. 

2 

45‘3 

48*2 

2*2 

47 

0*94 

5a 

39*4 

67*7 

44 

2,430 

418 

64,960 

'0662 

I 

t Average 

9 

51-8 

44-1 

i'8 

27 

i'i7 

48 

42'2 

73*3 

28J 

2,894 

409 

50,060 

'0624 

S3.r3.W3.lc  ^ 

I. 

i 

17 

61-3 

35‘i 

2‘0 

I '6 

1*75 

3*= 

42*7 

65 '0 

12 

2,572 

397 

12,330 

'0602 

mixed  | 

II. 

! 37 

5.S7 

40-9 

17 

17 

1*36 

4a 

3Q*4 

61 '6 

22 

2,301 

378 

15,410 

'0617 

d 

III. 

i 

517 

44-8 

1-8 

17 

i'i6 

4c 

38'8 

61 '6 

44 

1,689 

383 

22,470 

'0627 

c 

a 

Average 

80 

55 ‘6 

40*9 

1-8 

17 

1-36 

4a 

40'o 

62'7 

27 

2,160 

384 

17,060 

'0618 

u: 

X 

P3d3ne  i 

2 

50’3 

457 

i'5 

27 

I'lO 

4c 

36'6 

6i'6 

63 

1,465 

475 

16,840 

*0649 

Q 

55  ^ 
< 

reboiled  ^ II. 

3 

50-2 

46 'o 

23 

17 

I '09 

4c 

39*4 

63-8 

55 

2,177 

427 

92,980 

*0589 

0 

U 

Average 

5 

507 

45-8 

2‘0 

I ‘9 

I'.O  1 

4c 

387 

62'7 

58 

1,892 

446 

62,520 

'0613 

Banca  j 

: 1. 

1 

4 

47‘i 

50*5 

I'l 

o'93 

5a 

38-8 

63*3 

54 

1,552 

371 

71,380 

*0577 

I. 

reboiled  i 

; II. 

2 

46‘o 

52‘4 

oS 

o'8 

o'88 

5“ 

407 

62'2 

80 

1,809 

428 

16,870 

*0559 

, Average 

6 

46-8 

5i'i 

1*1 

I'O 

0'92 

5“ 

39*4 

62'7 

63 

1,638 

390 

46,750 

*0571 

i8o 
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employed.  The  softening-temperature  is  deter- 
mined as  follows : — A thin  plate  of  the  gutta 
percha  to  be  tested  is  placed  in  a large  shallow 
water  bath,  which  is  slowly  heated  over  a gas 
burner.  A rather  long  lever  is  supported  at 
one  end  by  a pivot,  and  carries  a i-lb.  weight 
at  the  other.  Half-way  along  the  under  side 
of  the  lever  is  fixed  a vertical  stud  of  3 mm. 
diameter,  and  under  this  stud  the  gutta  percha- 
plate  is  placed  from  time  to  time  to  see  whether 
any  permanent  impression  is  produced.  As 
soon  as  this  is  the  case,  the  temperature 
of  the  surrounding  water  is  read  off  and 
recorded  as  that  at  which  the  material  “com- 
mences to  soften.”  The  temperature  at  which 
the  material  “becomes  pliable”  is  obtained 
in  a somewhat  similar  way  to  that  which  I 
showed  you  a little  while  ago.  A strip  of  the 
material  to  be  tested,  about  70  mm.  long, 
25  mm.  wide  and  2 mm.  thick,  is  held  ver- 
tically in  a tall  water  bath,  the  upper  end  is 
provided  with  a clip,  and  to  this  a thin  cord  is 
fixed,  which  passes  over  a pulley  and  carries 
a ^-oz.  weight  at  the  other  end.  A definite  pull 
being  thus  exerted  on  the  strip,  the  temperature 
is  observed  at  which  this  pull  is  just  sufficient 
to  tear  it  asunder.  The  “time  of  hardening”  is 
that  taken  by  the  material  to  become  sufficiently 
rigid  to  resist  the  pressure  of  the  stud  in  the 
apparatus  used  for  the  softening-temperature  ; 
but  filled  with  water  kept  exactly  at  75°  F. 
the  material,  which  is  in  the  form  of  a 2 mm. 
plate,  having  previously  been  heated  to  the 
temperature  at  which  it  becomes  pliable.  The 
time  of  hardening  is,  as  the  Table  shows, 
greatly  affected  by  the  amount  of  resin  in  the 
material,  and  I have  found  that  its  variation 
with  the  percentage  of  resin  can,  with  certain 
restrictions,  be  represented  by  a continuous 
curve. 

Application  of  Gutta  Percha  to 
Various  Purposes. 

At  the  beginning  of  this  lecture  I mentioned 
that  Charles  Hancock  was  the  pioneer  of  the 
practical  applications  of  gutta  percha,  and  I 
will  now  add  that  his  first  patent  (No.  10,185 
O.L.),  was  dated  May  15th,  1844,  and  entitled 
Certain  Imlroie'iiei  in  Co  k and  oth<r 
Stoppers  and  a new  Composttio7i  or  Sub- 
stance which  may  be  used  as  a substitute  for, 
and  in  preference  to,  Cork,  and  a Method 
or  Methods  of  Manufacturing  the  said  new 
Composition  or  Substance  into  Bungs,  Stop- 
pers, and  other  useful  Articles.  Hancock 
proposes  to  mix  gutta  percha  in  the  plastic 
state,  or  a combination  of  gutta  percha  and 


caoutchouc  with  powdered  cork,  or  with  wood 
sawdust,  in  a masticator,  and  to  press  the  com- 
position into  moulds  for  further  use.  He  also 
proposes  to  use  a solution  of  gutta  percha  or 
caoutchouc,  or  a mixture  of  glue  and  treacle, 
for  the  same  purpose. 

The  Editor  of  the  Mechaiiics'  Ma gazine , 
Mr.  J.  C.  Robertson,  evidently  took  a great 
interest  in  the  matter,  and  regularly  published 
abstracts  of  the  various  “ Gutta  Percha 
Patents”  in  his  Journal,  giving  them  con- 
secutive numbers  ; ^ but  curiously  enough  he 
called  Brooman’s  specification  (No.  10,550 
O.L.),  of  March  nth,  1845,  “No.  i,”  and 
described  it  as  a master  patent,  Hancock’s 
prior  patent  being  entirely  ignored.  The  ex- 
planation of  this  appears  to  be  that  Charles 
Hancock  himself  was  the  inventor  of  the 
subject-matter  of  Brooman’s  specification, 
and  his  first  patent  was  evidently  considered  a 
weak  one.  It  was,  therefore,  to  Hancock’s  own 
interest  that  nothing  further  should  be  said 
about  it,  after  he  had  obtained  the  second  and 
stronger  patent  through  Mr.  Brooman.  In  this 
respect  it  is  perhaps  of  interest  to  mention 
that  the  last-named  gentleman  and  Mr. 
Robertson  had  the  same  business  address, 
and  were,  I believe,  related  to  each  other, 
so  that  the  omission  of  Hancock’s  original 
patent  was  no  doubt  made  with  his  consent, 
and  not  against  his  wish,  as  one  might  be 
inclined  to  think.  On  June  6th,  1851,  Mr. 
Hancock  filed  a disclaimer  to  his  first  patent, 
in  which  all  parts  referring  to  the  use  of 
caoutchouc  alone,  of  glue  and  treacle,  and  of 
gutta  percha  in  its  native  fluid  state  in  com- 
bination with  powdered  cork  or  with  wood 
sawdust,  were  disclaimed. 

Brooman’s  patent  (No.  10,550),  the  first  of  the 
“Gutta  Percha  Patents”  enumerated  in  the 
Mechanics'  Magazine,  is  really  a most  com- 
prehensive one,  in  spite  of  its  modest  title, 
according  to  which  it  purports  to  deal  only  with 
the  application  of  gutta  percha  to  the  manu- 
facture of  artificial  fuel, mastics  and  cements. 
We  became  acquainted  with  the  machines  for 
washing  and  kneading  gutta  percha  described 
in  this  patent,  in  our  last  lecture,  and  I should 
now  like  to  refer  to  some  of  the  other  proposals 
made  therein.  Brooman  suggests  the  use  of 
gutta  percha  for  artificial  fuel,  mixed  with  small 
coal  and  coal-tar  pitch.  I need  hardly  tell 
you  that  such  an  application  is  entirely  out  of 
the  question  at  the  present  time,  but  the  resin 
extracted  from  the  inferior  kinds  of  this 

1 The  Mech.  Mag.  1846,  vol.  44,  pp.  222*,  238*,  253*,  269% 
319*  ; vol.  45,  p.  138.* 
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substance  by  the  hardening  process  is,  I believe, 
used  for  some  such  purpose.  I myself  made  a 
number  of  experiments  with  this  resin  years 
ago,  but  failed  to  obtain  really  satisfactory 
results,  on  account  of  its  low  melting  point  and 
the  smoke  it  produced  during  combustion. 

Brooman  further  proposes  to  mix  gutta 
percha  with  various  other  ingredients  for 
different  purposes,  for  instance  with  caoutchouc, 
as  was  already  suggested  in  Hancock’s  first 
patent.  I have  such  mixtures  here  which  I 
prepared  fully  twenty  years  ago,  and  you  see 
they  are  still  in  a very  fair  state  of  preservation. 
Mixtures  of  this  kind  may  be  useful  for  some 
special  purposes,  where  a somewhat  greater 
degree  of  elasticity  is  required  than  that 
possessed  by  gutta  percha  alone.  Other  sub- 
stances recommended  by  Brooman  for  admixture 
with  gutta  percha  are  sulphur,  pigments, 
French  chalk,  emery,  and  sand  ; French  chalk 
rendering  it  smooth  and  emery  making  it 
abrasive,  as  these  specimens  show  which  I 
have  brought  with  me.  Brooman  proposes  to 
use  some  of  the  mixtures  for  making  picture 
frames,  cornices,  mouldings  and  other  archi- 
tectural ornaments,  for  panels,  mosaics,  buttons, 
studs,  and  a variety  of  other  things.  He  also 
proposes  the  use  of  gutta  percha  for  parts  of 
machinery,  such  as  valves,  belting,  &c.,  and 
describes  an  arrangement  for  applying  it  in  the 
plastic  state  to  cotton,  wool,  and  other  textile 
materials  to  render  them  waterproof,  and  suit- 
able for  table-covers,  floor-cloths,  tarpaulins, 
and  so  on. 

Many  of  these  articles  are  exhibited  here 
to-night,  and  I should  like  to  call  your  atten- 
tion particularly  to  the  beautiful  exhibits  from  the 
Gutta  Percha  Company^  in  the  centre  of  the 
table,  where  you  will  see  some  exceedingly 
fine  work  in  gutta  percha.  Most  of  these 
exhibits  are  very  old,  some  of  them  having  been 
manufactured  as  early  as  1846,  and  being 
therefore  over  50  years  old  ; these  were  shown 
at  the  Great  Exhibition  of  1851.  There  are 
also  some  interesting  documents  here,  which 
refer  to  the  early  importation  of  gutta  percha. 
Other  objects  made  for  the  1851  Exhibition  by 
the  Gutta  Percha  Company  are  lent  by  the  Kew 
authorities,  and  you  will  no  doubt  remember 
the  collection  of  articles  made  by  natives, 
which  was  shown  in  the  first  lecture  {vide  Fig. 
13,  ante). 

Messrs.  R.  and  J.  Dick,  of  Glasgow,  exhibit 
specimens  of  their  present  manufactures  such  as 


boot  soles,  horse  pads,  pump  buckets,  hydraulic 
rings,  driving  belts,  acid  bottles,  <S:c. 

Another  patent  (No.  10,582)  was  taken  out  by 
Brooman  about  a fortnight  later,  viz.  on  March 
27th,  1845,  which  is  probably  also  to  be  ascribed 
to  Charles  Hancock,  although  I cannot  with 
certainty  say  so.  Its  title  is  : — A thread  made 
from  a substance  not  hitherto  applied  to  that 
purpose,  and  also  the  application  of  it  to  the 
mamfacture  of  piece  goods,  ribbons,  paper ^ 
and  other  articles.  In  this  specification  a 
machine  is  described  for  cutting  sheets  into 
threads  by  rotating  circular  knives,  and  for 
pressing  gutta  percha  through  a die  box,  allow- 
ing the  threads  to  harden  in  cold  water.  I have 
here  some  thin  gutta  percha  cord,  prepared 
about  seven  years  ago,  but  in  a different 
way,  viz.  by  stretching,  and  you  observe  its 
excellent  state  of  preservation. 

On  May  20th,  1845,  Christopher  Nickels  of 
London^,  took  out  a patent  (No.  10,673)  for 
Improvements  in  the  binding  of  books,  etc. 
He  proposed  to  use  a solution  of  gutta  percha, 
in  place  of  paste  or  glue,  and  also  as  a “ vehicle 
for  colours  ” in  colouring  the  edges  of  books. 
He  further  proposed  the  use  of  sheets  of 
gutta  percha  either  alone  or  mixed  with 
various  substances  as  a suitable  binding,  in 
place  of  leather  and  cardboard. 

Charles  Keene,  also  of  London,  followed 
with  patent  (No.  10,692)  taken  out  May 
29th,  1845,  and  entitled  Improvements  in 
Boots,  Shoes,  Gaiters,  Overalls  and  other 
like  Articles  of  Apparel.  His  idea  was  to 
render  the  articles  referred  to  waterproof, 
either  by  coating  them  with  a solution  of 
gutta  percha,  or  by  gutta  percha  applied  in 
the  plastic  state,  or  by  the  introduction  of 
thin  layers  of  the  material,  as,  for  instance, 
between  the  outer  and  inner  soles  of  boots. 
He  also  proposed  to  manufacture  the  above 
articles  of  gutta  percha  mixed  with  various 
other  substances,  e.g.  leather,  hair,  cotton- 
wool, caoutchouc.  The  various  parts  of 
articles  so  made  could  be  united  by  passing 
a hot  iron  over  the  joint,  thus  obviating  the 
necessity  of  sewing. 

The  next  patent  (No.  10,825)  was  taken 
out  by  Henry  Bewley,  on  September  4th,  1845, 
for  Certain  Improvements  in  flexible 
Syringes,  Tubes,  Bottles,  Hose,  and  othe?‘ 
like  Vehicles  and  Vessels.  His  proposal  was 
to  press  gutta  percha  in  the  plastic  state  into 
moulds  or  to  apply  a solution  of  gutta  percha 
in  successive  thin  coats  to  a mould,  until  the 


^ This  Company  was  founded  by  an  Agreement  between 
Bewley  and  Hancock,  dated  May  31st,  1845. 
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required  thickness  was  obtained.  He  also 
proposed  to  make  tubes  by  forcing  plastic 
gutta  percha  over  a mandril  and  through  a 
circular  die.^ 

Specimens  of  tubing  and  a collection  of 
models  of  various  gutta  percha  articles 
are  exhibited  by  Messrs.  H.  Rost  and  Co., 
of  Hamburg  and  Harburg.^ 

The  patents  just  mentioned  were  the  first  six 
referring  to  gutta  percha,  and  were  all  taken 
out  before  the  end  of  1845.  In  the  course  of 
the  next  three  years  Charles  Hancock  obtained 
six  more  patents  in  connection  with  gutta 
percha,  viz.  Nos.  11,032  and  11,208  in  1846, 
Nos.  11,575  and  11,874  Nos. 

12,153  and  12,223  in  1848.  Of  these  I men- 
tioned three  in  my  last  lecture.  Patents  were 
also  granted  to  Thomas  Hancock  and  another 
in  1846  (No.  11,455),  and  in  1848  (No.  12,007) ; 
also  to  Thomas  Forster  in  1847  (No.  11,917), 
and  to  William  Henry  Barlow  and  Thomas 
Forster  in  1848  (No.  12,136)  ; to  Anthony 
Lorimer  in  1848  (No.  12,206),  and  to  John  Lewis 
Ricardo  in  1848  (No.  12,262).  These  make  a 
total  of  18  patents  taken  out  prior  to  1849. 

Perhaps  the  earliest  practical  use  to  which 
gutta  percha  was  put  was  that  for  surgical 
appliances,  Drs.  Montgomerie  and  Oxley 
warmly  recommending  it  for  bandages,  splints, 
receptacles  for  vaccine  virus,  &c.  On  his 
first  furlough  from  India,  Dr.  Montgomerie 
brought  the  new  substance  to  the  notice  of  the 
principal  makers  of  surgical  instruments  in 
London,  but  they  all  declined  to  have  anything 
to  do  with  it.  He  also  suggested  the  use 
of  gutta  percha  for  stopping  decayed  teeth, ^ 
and  for  this  purpose  it  is  still  largely  em- 
ployed, as  you  know. 

Gutta  percha  is  sometimes  used  for  ear- 
trumpets  and  also  for  the  handles  of  surgical 
instruments,  such  as  saws,  knives,  &c.,  as 
it  aifords  a firm  grip,  and  is  preferable  to 
wood  for  antiseptic  reasons ; but  I am  in- 
formed that  it  has  to  be  hardened  by 
vulcanisation  for  such  purposes.  It  is  em- 
ployed by  the  medical  profession  in  the  form 
of  very  thin  tissue,  under  the  name  of  gutta 
Aercha  lamellata  ; in  the  form  of  sticks  after 


^ Bewley’s  machine  for  making  tubes  was  adopted  by  the 
Gutta  Percha  Company  being  subsequently  (1848),  used  in 
the  covering  of  copper  wire,  and  Mr.  Willoughby  Smith,  the 
manager,  informs  me,  that  one  of  the  men  employed  in  build- 
ing this  machine  at  Messrs.  Heseltines,  Bow  Bridge  Iron 
Works,  is  still  with  him.  Bewley’s  original  machine  is  illus- 
strated  in  the  Mechanics'  Magazine,  1846,  vol.  44,  p.  319.* * 

* Established  1848. 

* Vide  letter  to  the  Editor,  Mech.  Mag.  1846,  Tol.  45, 

P.  413*- 


special  purification,  as  gutta  percha  depurata, 
and  lastly  in  the  form  of  a lo  per  cent,  solution 
in  chloroform,  under  the  name  of  tj'aumaticin , 
as  a substitute  for  collodion. 

For  chemical  purposes,  it  is  used  in  the  form 
of  tubes,  pumps,  syringes,  funnels,  bottles, 
&c.,  and  I have  some  specimens  of  the  latter, 
containing  hydro-fluoric  acid  on  the  table. 

For  mechanical  purposes,  it  is  used  as  rings 
and  cups  for  pumps,  and  hydraulic  presses, 
driving  bands,  &c.  For  the  latter  purpose 
balata  is  also  largely  used,  interposed  between 
canvas  ; such  belts  can  be  joined  by  means  of 
a solution  of  balata  or  gutta  percha  in  carbon 
disulphide  as  I have  it  here  in  this  bottle. 

Another  application  of  gutta  percha  is  one 
which  was  shown  in  this  very  room  in  1845  by 
the  Secretary,  Mr.  Whishaw,  viz.  that  for 
taking  impressions  from  medals.  I have  pre- 
pared such  impressions,  which  are  in  this 
small  case,  from  three  medals,  namely  the  gold 
medal  awarded  to  Dr.  Montgomerie  by  the 
Society  of  Arts  in  1845  ; the  Queen’s  Jubilee 
medal  of  this  year,  and  the  Siemens  and  Halske 
J ubilee  medal  also  of  this  year.  In  the  same  case 
you  observe  the  galvano-plastic  copper  repro- 
ductions of  the  same.  There  is  a small  self- 
contained  apparatus  here  on  the  table,  in 
which  the  depositing  process  is  going  on  at 
the  present  moment.  Before  starting  the 
current  it  is  necessary  to  rub  the  surface  of  the 
mould  well  with  plumbago  to  make  it  conduct 
electrically. 

There  are  also  some  beautiful  gutta  percha 
medals  here,  exhibited  by  the  Gutta  Percha 
Company,  and  some  very  old  ones  from  the 
Kew  Museum. 

More  ambitious  impressions  than  those 
from  medals  are  such  as  are  taken  from 
the  interior  of  guns  for  inspection,  and  I 
have  to  thank  the  Director  General  of  Ord- 
nance Factories  and  Commander  Chevallier, 
R.N.,  of  the  Royal  Arsenal,  Woolwich,  for  the 
interesting  specimens  which  are  exhibited 
to-night.  Here  you  see  some  fine  impressions 
in  gutta  percha,  which  show  the  action  of 
cordite  and  of  powder  on  the  steel  liners  of 
guns.  I have  had  a lantern  slide  prepared 
from  a photograph  of  two  such  impressions, 
which  I will  now  throw  upon  the  screen. 
(Fig.  49-) 

A.  is  from  a 12"  breach-loading  gun  after 
Proof  and  99  full  charges  of  cordite  had 
been  fired  in  it.  You  will  observe  that  the 
rifling  of  the  steel  liner  still  appears  in  very 
good  condition  and  hardly  any  erosion  is 
noticeable. 
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B.  is  from  a 13-5"  breach-loading-  gun 
after  Proof  and  158  full  charges  of  powder 
had  been  fired  in  it.  In  this  case  you 
obser^'e  that  the  metal  has  been  very  badly 
attacked.  The  explanation  of  this  is  that 
cordite,  during  combustion,  produces  only 
gaseous  products,  which  do  not  appreciably 
affect  the  steel  liner  of  the  gun ; whereas 
powder,  besides  the  gaseous  products,  produces 
also  solid  particles,  which  are  driven  in  a fused 
state  against  the  walls  of  the  tube,  thereby 
exerting  a strongly  erosive  action  on  the 
metal. 

Here  is  an  impression  of  part  of  the  bore  of 
a new  gun,  in  which  you  can  see  all  the  tool 
marks,  showing  how  very  suitable  gutta  percha 
is  for  taking  impressions  of  minute  details, 
such  as  slight  fissures  and  cracks. 


gun  tubes  in  gutta  percha  was  introduced 
at  the  Royal  Arsenal  in  1856  by  a Mr. 
McKinley ; previously  wax  was  used  for  the 
purpose. 

The  application  of  gutta  percha  to  the 
insulation  of  submarine  and  subterranean 
cables,  to  which  I shall  now  draw  your  attention , 
is  undoubtedly  by  far  the  most  important 
hitherto  made  of  this  substance.  I hav** 
shown  you  by  an  experiment  the  excellent 
insulating  property  of  gutta  percha,  and  1 
have  also  given  you  the  actual  figures  for 
comparing  it  with  that  of  some  other  insu- 
lators. 

I mentioned  that  Dr.  Werner  von  Siemens  first 
proposed  the  use  of  gutta  percha  for  insulating 
purposes  in  1846,  and  that  in  the  following  year 
he  designed  a screw-press  for  the  seamless 


Fig.  40. 


2 B.L.CuN 


FULL  CORDITE  CHARGES 


13-5  B L CUN 

FULL  POWDER  CHARGES 


Gun  Impressions. 


For  small  guns  and  breach-loaders,  the 
impression  is  taken  by  covering  a long  wooden 
stick  with  the  soft  plastic  gutta  percha,  which  is 
passed  through  the  barrel.  Wedge-shaped 
sticks  are  then  driven  in  at  both  ends,  so 
as  to  press  the  gutta  percha  against  the 
inner  wall  of  the  gun  tube.  Here  is  a spe- 
cimen of  the  stick  that  is  used,  and  here 
an  impression,  which  has  been  made  in  that 
I way,  showing  the  powder  chamber  and  the 
! rifling.^  The  practice  of  taking  impressions  of 


1 The  following  impressions  were  lent  by  the  Ro}’al  Arsenal, 

} Woolwich,  viz.  : — 

j x2-Pounder  Breach  Loading-  Ctin,  6 czvis.  (a)  Gutta  perrlia 
laid  on  stick  ready  for  taking  impression  ; (b)  full  length 

impression  before  firing. 

\'-]-inch  Qnich-Jiring  Gun,  with  long  chamber  : (a)  Before 
I firing ; (b)  after  930  rounds  of  powder  ; (c)  after  960  rounds  of 
cordite. 

6-inch  Quick-Jiring  Gun  : (a)  Chamber  befoi-e  firing ; (b) 
bore  after  135  rounds  of  powder  and  329  rounds  of  cordite. 


Fig.  50. 


Siemens  Screw  Press. 
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covering  of  wires  with  that  material.  This 
little  machine  is  illustrated  in  Fig.  50 ; it  is 
now  in  the  Imperial  Museum  of  Posts  and 
Telegraphs  at  Berlin,  where  I saw  it  a year  or 
two  ago.^  Early  in  1848  it  was  used  for  the 
manufacture  of  some  wire  for  a subterranean 
telegraph  line  2^  miles  long,  from  Berlin  to 
Gross  Beeren,  belonging  to  the  Prussian 
Government.- 


inductive  capacity  is  also  tested,  and  some- 
times it  is  submitted  to  alternating  currents  of 
very  high  voltage.  At  Messrs.  Siemens  Bros, 
and  Co.’s  works,  for  instance,  the  core  used 
for  Atlantic  cables  is  thus  tested  with  over 
5,000  volts. 

Gutta  percha  cores  which  are  intended  to  be 
used  in  deep  water  are,  at  these  works,  sub- 
jected to  a great  water  pressure  before  being 


Fig.  51  illustrates  the  principle  of  the 
machinery  used  for  covering  wires  with  gutta 
percha.  The  wire,  usually  of  copper,  is  wound 
-on  a reel  or  drum,  Di,  and  from  it  passes  through 
the  lower  part  of  a cylinder,  c,  provided  with  a 
piston,  J,  which  is  actuated  by  means  of  a 
screw  and  nut.  Usually  there  are  two  cylinders 
used  alternately,  so  as  to  provide  a continuous 
supply  of  gutta  percha  to  the  wire.  The  gutta 
percha  contained  in  the  space  between  the 
piston  and  the  bottom  of  the  cylinder  is  forced 
through  a die,  d,  where  it  surrounds  the 
wire,  which  then  enters  a long  trough  with 
cold  water,  in  which  it  passes  to  and  fro  several 
times,  until  the  gutta  percha  has  become 
sufficiently  hard  to  admit  of  the  covered  wire 
being  wound  upon  a drum,  D2. 

The  gutta  percha-covered  wire  is  kept 
immersed  in  water  and  tested  with  a high 
battery  power  for  electrical  insulation  at  a 
standard  temperature,  usually  75°  F.  Its 

* The  press  was  exhibited  at  the  Paris  Electrical  Exhi- 
bition in  i88i,  together  with  some  gutta  percha-covered  wire 
made  with  it.  Vide  Report  of  the  Jury,  Amiales  Tele- 
graphiques,  1883  {T,me  serie),  vol.  10,  p.  19.* 

2 I hear  from  Mr.  Willoughby  Smith  that  his  Company 
also  manufactured  gutta  percha-covered  wire  about  that  time 
for  the  same  Government,  and  that  the  screw-press  machine 
then  used  is  still  in  their  possession,  but  was  too  unwieldy  to 
be-  sent  to  the  Society  of  Arts  for  exhibition.  The  same 
press  was  subsequently  used  for  covering  submarine  core. 


electrically  tested.  The  greatest  depth  of  the 
North  Atlantic  Ocean  is  about  3,000  fathoms, 
and  consequently  the  pressure  of  the  water 
at  the  bottom  is  530  atmospheres  or  3^  tons 
per  square  inch.  The  pressure  used  at 
Messrs.  Siemens  Bros,  and  Co.’s  works  for 
Atlantic  cores  is  4 tons  per  square  inch, 
and  the  plant  used  for  these  tests  is  shown  in 
Fig.  52.  The  gutta  percha-covered  wire  is 
wound  on  to  a drum,  D,  which  is  then  lowered 
into  a strong  cylindrical  tank,  T,  of  compressed 
steel,  which  can  be  closed  by  a screw  stopper, 
L,  in  the  same  way  as  is  done  with  breach- 
loading guns.  The  large  weight  of  the  hy- 
draulic accumulator,  A,  having  been  raised 
by  means  of  the  force-pump,  P,  communication 
between  the  accumulator  and  the  tank  is 
established  by  means  of  the  pipes,  -p^ 
the  pressure  allowed  to  act  on  the  core  for 
15  or  20  minutes,  care  being  taken  to  allow 
all  air  to  escape  from  the  tank  at  the  beginning 
of  the  operation.  Any  slight  mechanical  defect 
of  the  core,  which  would  ordinarily  elude 
detection,  will  by  these  means  be  made 
apparent  during  the  subsequent  electrical 
tests. 

In  order  to  give  you  an  idea  of  the  enormous 
pressure  used  for  these  tests,  I will  mention 
that  in  December,  1883,  our  steel  tank  broke 
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at  a pressure  of  4 tons  per  square  inch,  and 
the  upper  part,  weig'hin^  over  13  tons,  was 
projected  vertically  through  the  roof  to  a height 
of  about  25  feet,  and,  curiously  enough,  it  fell 
down  again  into  its  old  position.  The  thick- 
ness of  wall  of  this  cylinder  was  7 inches  ; that 
of  the  new  one  was  therefore  increased  to  12 
inches,  and  this  has  hitherto  withstood  the 
pressure.  We  had  the  fractured  tank  photo- 
graphed, with  one  of  our  men  standing  at  its 
side  to  show  the  dimensions,  and  I will  show 
you  this  photograph  on  the  screen  (Fig.  53). 


amount  of  which  has  been  used  for  submarine 
purposes. 

Gutta  percha-covered  wires,  which  have  to 
be  laid  in  the  sea,  must  be  suitably  protected 
against  mechanical  injury.  For  that  purpose 
they  are  surrounded  with  a serv'ing  of  hemp 
or  other  fibrous  material,  and  then  provided 
with  a sheathing  of  iron  or  steel  wires,  or  a 
metal  ribbon  ; the  whole  is  then  termed  a sub- 
?narine  cable.  There  are  some  interesting 
specimens  of  such  cables  on  the  table,  ex- 
hibited by  the  Gutta  Percha  Company,  * and 


Fio.  52. 


In  our  last  lecture  1 mentioned  that  I found 
gutta  percha  very  permeable  to  the  X-rays,  and 
Mr.  Alexander  Siemens  proposed  to  utilise  this 
property  to  examine  the  gutta  percha-covered 
wires  with  the  cryptoscope  for  the  detection  of 
any  defects  in  the  copper  conductor,  particularly 
in  “joints,”  or  for  finding  air-bubbles.  I will 
show  you  on  the  screen  a set  of  gutta  percha 
covered  wires,  mounted  on  a card,  which  was 
photographed  in  March  last  year  by  means  of 
the  X-rays  (Fig.  54).  I have  also  brought  some 
joints  and  a coil  of  Atlantic  core  with  me, 
which  you  can  examine  with  the  cryptoscope 
after  the  lecture. 

I am  able  to  give  you  some  interesting  figures 
as  to  the  quantity  of  gutta  percha  hitherto  used 
for  electrical  purposes,  by  far  the  largest 


by  Messrs.  Siemens  Bros.  <S:  Co.  Amongst  the 
latter  you  will  see  sets  of  the  various  types  of 
the  Direct  United  A/aAwandthe  Conimerciat 
Cable  Company' s Atlantic  cables,  of  the 
Dover-Calais  telephone  cable,  and  others. 

I have  calculated  the  weight  of  gutta  percha 
used  for  insulating  the  cores  of  all  submarine 
cables  manufactured  and  laid  up  to  the  end  of 
1896,  from  their  length  and  type,  and  when 
these  particulars  were  not  available,  I esti- 
mated them  as  nearly  as  possible.  For  the 
sake  of  convenience,  I have  divided  the  cables 
into  four  geographical  groups  as  shown  in 
Table  XV. 

1 This  company  exhibited  a kink  cut  out  of  the  Dover - 
Ostend  cable  laid  in  1863,  specimens  of  their  first  cable, 
and  of  the  1865  Atlantic  cable  with  a model  gr.vpncl. 
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TABLE  XV. — Submarine  Cables. 


0 a 

Description  of  Cables. 

Approximate 
length  of 
Core. 

Nautical  miles 
(Knots). 

Approximate 
weight  of 
Gutta  Percha. 

Tons. 

I. 

Trans-oceanic 

42,OCO 

6,000 

II. 

Round  coasts  of  America 

41,000 

2,600 

III. 

Round  east  and  west 
coasts  of  Africa 

18,000 

1,200 

IV. 

Round  coasts  of  Europe, 
and  Asia,  and  to  Aus- 
tralia   

83,000 

6,200 

Total  

184,000 

16,000 

Fig. 


total  quantity  of  gutta  percha  used  for  elec-r 
trical  purposes.  To  the  length  given  in  Table 
XV.  another  100,000  miles  remain  to  be  added,, 
being  the  cables  which  have  been  laid  by 
the  various  Governments  and  States  for  mili- 
tary defence,  ^ so  that  a total  estimate  of 
24,000  tons  of  gutta  percha  used  for  submarine 
cables  alone  is  probabl}'  not  too  high.-  To 
the  latter  figure  a further  allowance  for  under- 
ground cables,  street  wires,  cKrc.,  would  have 
to  be  made,  which  amounts  probably  tO‘ 
another  8,000  tons.  As  we  shall  presently 

53- 


Fractured  Pressure  Tank. 


I will  now  throw  a map  of  the  world^  on  i 
the  screen,  which  gives  the  various  submarine 
cables  at  present  in  existence ; but  I must 
tell  you  that  the  total  length  of  184,000 
knots  given  in  the  Table  (which  would  be 
sufficient  to  pass  more  than  8J  times  round 
the  Equator),  includes  the  coj^es  of  all  cables 
laid,  whether  they  are  still  in  existence 
or  not  ; - my  object  being  to  ascertain  the 

^ Not  reproduced  in  the  Jotirnal. 

Table  XVE.  embodies  the  results  of  our  analysis  of  the 
gutta  percha  employed  for  the  manufacture  of  some  of  the  | 
early  submarine  cables  and  shows  it  to  be  of  excellent  I 
quality.  .Specimens  of  these  cores,  which  have  been  kept 
in  air,  sheltered  from  strong  light,  arc  still  in  perfect  condi-  i 
tion  at  the  present  moment.  They  have  been  manufac-  ; 
tured  by  the  Gutta  Percha  Company. 


see,  the  total  consumption  of  cleaned  gutta 
percha  in  the  United  Kingdom,  from  its  begin- 
ning in  1845  till  the  end  of  1896,  amounts  in 
round  figures  to  48,000  tons.  I believe,  there- 
fore, that  I am  not  ver}"  far  wrong  in  saying 
that  at  least  two-thirds,  and  probably  more, 
of  all  the  gutta  percha  used  in  this  countr)"  has> 
been  employed  for  electrical  purposes.^  , 

^ Journ.  Soc.  of  Arts,  1895,  43>  P-  744-* * 

2 The  writer  in  the  Journ.  Soc.  of  Arts,  loc.  cit.,  gives  23,00a 
tons  for  submarine  cables  alone,  exclusive  of  the  Government  , 
cables  ; but  this  is  probabl)'  over-estimated.  | 

* This  opinion  is  also  shared  by  Mr.  V'illoughby  Smith,  i 
who  informs  me  that  in  the  case  of  the  Gutta  Percha  ■ 
Company  about  85  per  cent,  of  the  total  output  during  the 
last  40  years  has  been  for  electrical  purposes,  but  that  taking! 
the  trade  altogether  the  above  estimate  would  probably  be 
more  correct.  I 
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With  regard  to  the  quantity  of  gutta  percha 
used  by  the  Postal  Telegraph  Department,  I 
am  able  to  give  you  some  very  interesting 
figures,  kindly  supplied  to  me  by  Mr.  Hookey, 


Pig.  54. 


X-RAY  Photograph  of  Cores. 


who  informs  me  that  the  total  length  of  gutta 
percha-covered  wares  in  use  by  this  Department 
up  to  1896  was  30,000  statute  miles.  I calculate 
that  about  660  tons  of  gutta  percha  have  been 


used  for  their  manufacture.  The  total  length 
of  gutta  percha-covered  wares  under  the  streets 
of  London  and  its  suburbs  at  the  present 
moment  is  no  less  than  17,000  statute  miles, 
corresponding  to  375  tons  of  gutta  percha. 
In  1875,  Mr.  Charles  Fleetwood*  stated  before 
the  Society  of  Telegraph  Engineers  that  the 
total  mileage  of  gutta  percha-covered  wire 
under  the  London  streets  was  3,500,  the 
length  is  therefore  now  nearly  five  times  what 
it  was  21  years  ago. 

Before  leaving  this  subject,  I should  just  like 
to  refer  to  an  observation  made  by  Dr.  Werner 
von  Siemens  with  the  first  underground  wires, 
insulated  with  gutta  percha,  viz.  that  they 
became  electro-statically  charged  like  a 
Leyden  jar^  when  one  end  of  the  conductor 
was  brought  into  contact  with  one  pole  of  a 
battery,  whilst  the  other  end  was  insulated, 
and  the  opposite  pole  of  the  battery  connected 
to  earth.  To  this  property  is  due  the  fact  that 
a momentary  electric  impulse,  such  as  is 
used  in  signalling,  imparted  to  the  insulated 
wire,  takes  an  appreciable  time  to  arrive  at 
the  other  end,  if  the  wire  is  of  considerable 
length.  In  this  respect  an  underground  line 
compares  unfavourably  with  an  overhead  one  of 
equal  length,  supported  on  porcelain  insulators 
in  the  usual  way.  The  extent  of  the  retardation 
depends  on  the  resistance  of  the  conductor  and 
on  the  inductive  capacity  of  the  insulator — i.e.y 

1 Journ.  Soc.  Telegr.  Engin.,  1875,  vol.  4,  p.  391.* 

2 Poggerido7-ff' s Amial.  d.  Phys.  u.  Chcm.  1850, vol.  79,  p. 
481,  also  loc.  cit.  1857,  vol.  102,  p.  66.*  The  electrostatic 
charge  of  an  insulated  wire,  was  also  investigated  by  Faraday, 
Wheatstone,  and  Thompson,  independently  of  Siemens. 


TABLE  XVI. — Analysis  of  Gutta  Percha  on  the  Cores  of  some  early  Submarine  Cables. 


c 

u 

u ^ 

When 

When 

Percentage  composition. 

Ratio 

Electrical  properties 
'per  cube  knot). 

When 

Tested. 

> C 
rz 

E 

Where  laid. 

picked 

up. 

ana- 

lysed. 

Gutta 

G. 

Resin 

R. 

Dirt 

D. 

Water 

w. 

G. 

R. 

Insulation 

(Megohms.) 

Inductive 

capacity 

(^licro- 

farads.) 

1850 

England  to  France  (Dover — Cape 
GrisnezJ. 

1875 

1888 

85  0 

9‘i 

27 

3‘2* 

9‘3 

645 

- 

1675  (*) 

1853 

Scotland  to  Ireland  (Port 
Patrick— Donaghadee). 

— 

1888 

75 ‘8 

17-0 

2’5 

4’7 

4 '5 

- 

- 

- (b 

1857 

Ireland  to  Newfoundland 
(Valentia — Trinity  Bay). 

- 

1897 

76*1 

20-3 

yo 

o'6i 

3‘7 

- 

- 

- (n 

1858 

England  to  Holland  (Orfordness — 
Haarlem ). 

1897 

1897 

8o'2 

I2’8 

2-9 

4*1 

6'3 

589 

■0785 

1897  {’) 

18631- 

Persian  Gulf  (Kurrachec — 
Bushire). 

- 

i888 

75'7 

17-1 

2-7 

4 ’5 

4’4 

1,002 

■0661 

1865  (b 

1869 

Black  Sea  (Kertch—  Suchura 
Kahle). 

1882 

1882 

68-9 

23 ’9 

3'2? 

4-0 

2-9 

2,630  j 

■0646 

1882 

• Another  piece  of  this  core  contained  4*2  per  cent,  of  water. 
^Ycaroi  manufacture  of  core,  according  to  Mr. 
Willoughby  Smith,  junr. 

\ This  figure  is  possibly  a little  too  high  on  account  of  the 
Chatterton’s  compound  between  the  layers. 

t TJis  figure  is  too  low  on  account  of  long  exposure  to  air. 
Another  specimen  contained  1-4  per  cent,  of  water. 


(b  Tested  by  Mr.  Willoughby  Smith,  senr.,  Journ.  Soc. 
Tel.  E?tg.,  1875,  vol.  4,  p.  343. 

(2)  No  data  available  for  these  cables. 

(®)  Our  own  tests  of  short  lengths  of  the  core. 

(b  Clark  and  Sabine’s  Tables,  p.  252. 
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the  gutta  percha  covering — per  unit  length,  and 
I have  a number  of  curves  here  which  have 
been  kindly  sent  me  for  exhibition  by  my  col- 
league, Dr.  Frolich,  of  Berlin,  showing  the 
results  of  experiments,  on  the  propagation  of 
electric  impulses  through  a cable  under  varying 
conditions. 

Home  Consumption  of  Gutta  Percha. 

I should  now  like  to  call  your  attention  for 
a moment  to  Diagram  Fig.  55,  which  gives  the 
home  consumption  of  gutta  percha  for  each 
year,  from  1855^  to  1896.  The  home  consump- 
tion of  the  raw  material  is  shown  by  a continu- 
ous line,  and  I have  added  the  annual  import  of 
raw  gutta  percha  into  the  United  Kingdom 
during  the  same  period,  represented  by  a dotted 
line,  for  direct  comparison ; the  latter  curve  is 
reproduced  from  Diagram  Fig.  17  of  the  first 


not  strictly  accurate,  but  sufficiently  so  for  our 
purposes. 

The  total  home  consumption  of 


raw  gutta  percha  from  1855  to 

1896  amounts  to  65,467  tons. 

To  this  the  total  import^  from 
1844  to  1854,  must  be  added, 
viz 6,466  ,, 

Giving  a total  home  consumption 

of  raw  gutta  percha  from  1844 

to  1896  of  7U933 

or  of  cleaned  gutta  percha 
(allowing  33^  per  cent,  waste).  47,955  ,, 


i.e.  in  round  numbers  48,000  tons,  as  before 
stated. 

In  my  first  lecture  (p.  133  ante),  I stated  that 
the  total  import  of  raw  gutta  percha  into  the 
United  Kingdom  from  the  beginning  up  to  the 
end  of  1896  was  82,716  tons,  or  in  round  figures 


Fig.  55- 


lecture  {vide  p.  132  ante).  Prior  to  1878  the 
two  curves  are  close  to  each  other,  but  after 
this  they  diverge  more  and  more,  and  this 
tendency,  indicating  an  increasing  export  to 
other  countries,  is  well  sustained  during  the 
last  five  years. ^ 

The  third  curve  in  Fig.  55,  composed  of  dots 
and  dashes,  represents  the  annual  consumption 
of  cleaned  gutta  percha,  and  is  deduced  from 
that  of  the  raw  material  on  the  assumption  that 
the  average  loss  on  cleaning  has  been  equal  to 
the  average  obtained  by  us  during  the  last  21 
years,  viz.  33^  per  cent.,  which  is,  of  course, 

* No  reliable  statistical  data  of  the  re-export  earlier  than 
1855  are  available. 

2 A Table  of  figures  will  be  given  in  the  Appendix, 


83,000  tons,  and  I may  now  add  that  I have 
since  been  informed  that  almost  half  that  quan- 
tity was  imported  by  the  Gutta  Percha  Company. 
The  re-export  of  raw  gutta  percha,  during  the 
entire  period  in  round  figures  amounts  to  11,000 
tons  or  13!^  per  cent,  of  the  total  import. 

Use  of  Hardened  Gutta  Percha. 

Gutta  percha  hardened  by  the  extraction  of 
its  resin,  either  from  the  raw  or  cleaned  material, 
is  now  chiefly  used  for  the  manufacture  of  golf ,( 
balls,  and  although  the  estimate  given  in  the 
prospectus  of  the  Gutta  Percha  Corporation,  1 

^ During  this  early  period  the  re-export  from  the  United  j 
Kingdom  was  probably  very  small.  I 
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viz.  that  500  tons  of  gutta  percha,  which  would 
correspond  to  nearly  12,000,000  balls,  are 
annually  consumed  in  manufacturing  them,  is 
perhaps  overstated,  yet  the  quantity  used  for 
that  purpose  is  certainly  very  large,  and  probably 
still  increasing.  The  gutta  percha  used  for 
golf  balls  has  to  fulfil  certain  conditions,  and 
it  may  be  useful  to  mention  them  here,  viz. 
it  should  be  tough,  elastic,  and  not  brittle  at 
low  temperatures ; it  should  also  be  specifically 
lighter  than  water  so  that  the  balls  do  not  sink 
if  accidentally  dropped  into  a ditch  or  pond. 

In  order  to  obtain  all  these  good  qualities 
it  is  requisite  to  start  with  the  proper  kind  of 
raw  material  and  to  extract  the  resin  as 
completely  as  possible.  For  testing  the  elas- 
ticity I devised  an  apparatus  some  years  ago, 
somewhat  resembling  an  Atwood’s  machine, 
and  which  I have  already  used  to-night  for  the 
experiments  on  the  stretching  of  gutta  percha. 
Referring  to  this  machine,  which  is  illustrated 
in  Fig.  47,  p.  175,  the  tall  stand,  S,  is  provided 
with  a scale,  i-,  divided  into  feet  and  tenths, 
the  entire  distance  between  the  clip,  C,  at 
the  top  (shown  in  plan),  which  carries  the  golf 
ball,  and  the  stone  plate,  P,  at  the  bottom, 
being  exactly  10  feet,  so  that  per  cents,  of  the 
total  height  can  be  read  off  directly. 

I will  now  show  you  some  actual  tests  of  golf 
balls  with  this  apparatus,  to  which  I have 
given  the  popular  name  of  bounceometer.  The 
first  ball  I am  going  to  show  you  is  a bad  one, 
having  had  its  resin  only  partially  extracted, 
and  still  containing  about  25  per  cent.  I 
place  it  in  the  clip  and  now  let  it  drop  on 
to  the  stone — you  see  it  rebounds  and  reaches 
I the  point  of  the  scale  marked  30  per  cent.  The 
I gutta  percha  from  which  the  next  ball  is  made 
has  had  the  resin  more  completely  removed, 

I but  not  sufficiently,  as  it  still  retains  10  per 
j cent.  You  see  this  ball  rebounds  to  about  45 
divisions  of  the  scale.  The  third  ball,  which 
' I shall  test,  is  of  excellent  description,  having 
only  a very  small  percentage  of  resin  ; it 
rebounds  to  60  divisions,  the  highest  rebound 
i hitherto  observed  by  us.  Here  is  a ball,  made 
of  balata,  from  which  the  resin  has  been  com- 
pletely removed,  it  bounces  about  59  per 
cent.  ; and  this  other  ball,  made  in  August, 
i 1896,  from  gutta  percha  extracted  from  leaves 
by  my  process,  and  not  further  treated  with 
I petroleum  spirit  like  the  previous  materials,  is 
I quite  equal,  if  not  superior,  to  the  latter. 

In  these  days  of  Arctic  exploration,  I may 
perhaps  be  allowed  to  make  a suggestion  for 
jthe  application  of  hardened  gutta  percha  to 
! another  purpose,  namely,  to  icc-boais. 


A boat  made  of  ordinary  gutta  percha  was 
used  as  early  as  1850,  in  Lady  Franklin’s 
Expedition  of  the  Prince  Albert  in  search 
of  Sir  John  Franklin.  It  was  put  under  the 
charge  of  Mr.  Parker  Snow,  who  reported  very 
favourably  on  its  behaviouF,  and  gave  a short 
account  of  his  experience  with  it  in  the 
Illustrated  Lcrndon  News  of  February  22nd, 
1851,  accompanied  by  a sketch  showing  the 
boat  amongst  the  ice-floes.  The  diagram  on, 
the  wall  is  a copy  of  this  drawing^.  The  boat 
was  left  in  a cairn  and  was  again  used  in 
the  second  expedition  in  1852  by  Captain 
Kennedy ; but  it  had  to  be  abandoned  on 
account  of  the  heavy  pack-ice^.  Gutta  percha 
boats  do  not  appear  to  have  been  used  for 
subsequent  Arctic  expeditions,  at  least,  I have 
been  unable  to  find  any  record  of  such  having 
been  the  case^.  The  boat  sent  out  with  the 
Prince  Albert  expedition  was  constructed 
by  Messrs.  Searle  and  Co.,  of  South  Lambeth, 
and  covered  with  gutta  percha  at  Wharf  Road 
by  the  Gutta  Percha  Company.  Its  weight 
was  only  18  lbs.  A gutta  percha  boat  built 
to  carry  two  persons,  but  weighing  30  lbs.,  was 
exhibited  by  Charles  Hubbard,  of  Dickleburgh, 
Norfolk,  at  the  1851  Exhibition  (Class  8,  No. 
180). 

I had  an  opportunity  of  analysing  some  gutta 
percha  used  for  boat-building  at  the  Royal 
Dockyards,  Woolwich,  more  than  30  years 
ago,  and  found  it  to  contain  40  per  cent,  of 
resin  ; but  this  would  be  too  much  for  Arctic 
temperatures,  as  I shall  presently  prove  to  you. 
Besides  the  greater  resistance  to  concussion 
which  hardened  gutta  percha  would  offer  at 
low  temperatures,  it  would  also  have  the  further 
advantage  that  a thinner  covering  could  be 
used,  on  account  of  its  greater  toughness, 
which  would  make  the  boat  correspondingly 
lighter  ; its  low'er  specific  gravity  also  would 
tend  in  that  direction. 

I shall  now  show  you  by  an  experiment  the 
superiority  of  hardened  gutta  percha  over  the 
natural  material  at  low  temperatures.  On  the 
table  before  me  there  is  an  Arctic  Ocean  en 
7nmiature,  carrying  three  little  boats  made  of 

1 Voyage  0/  the  “Prince  Albert"  in  search  of  Sir  John 
Franklin,  by  \V.  Parker  Snow,  London,  1851,  pp.  76,* *  82,* 
218.  • 

^ Not  reproduced  in  the  Journal. 

® A short  narrative  of  the  second  voyage  of  the  “Prince 
Albert  " in  search  of  Sir  John  Franklin,  by  AVm.  Kennedy, 
London,  1853,  p.  152.'^ 

* Dr.  H.  D.  Traill,  the  well-known  author  of  The  Life  of 
Sir  John  Franklin,  R.X.  published  last  j’ear,  whom  I con- 
sulted in  the  matter  was  also  unacquainted  with  other 
references  to  gutta  percha  boats  in  any  of  the  subsequent 
search  expeditions. 
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different  kinds  of  gutta  percha.  The  boats 
are  distinguished  by  flags  of  different  colours. 
The  “red”  flag  marks  the  one  made  of  best 
Pahang,  the  “ black”  that  made  of  common 
gutta  percha,  and  the  “ white  ” flag  that  made 
of  the  same  material  as  the  last,  after  ex- 
traction of  the  resin.  I take  one  boat  after 
the  other  out  of  the  ice,  and,  laying  it  on 
an  anvil,  I give  it  a blow  with  a wooden 
mallet.  First,  the  “red,”  which  you  observe 
v/ithstands  the  blows  without  breaking  ; next, 
the  “black,”  which  is  shattered  into  frag- 
ments, and  would  therefore  not  have  withstood 
the  action  of  the  pack-ice ; lastly,  I take  the 
boat  with  the  “ white  ” flag  and  give  it  a good 
blow  ; but  strike  it  as  hard  as  I will,  it  resists 
the  blows  of  the  mallet  perfectly.  The  little 
boats  have  been  in  the  tank,  amongst  the  ice 
for  several  hours ; but  as  they  are  only  par- 
tially immersed  in  the  water  and  the  air  is 
rather  warm  in  this  room,  the  conditions  are 
naturally  not  quite  so  severe  as  they  would  be 
in  the  Arctic  regions.  I have  therefore  pre- 
pared another  little  experiment  to  show  you 
what  would  happen  there.  This  double- walled 
copper  vessel  contains  a mixture  of  powdered 
ice  and  salt,  having  a temperature  of  about  io° 
or  15°  C.  below  zero.  In  this  mixture,  strips  of 
different  kinds  of  gutta  percha  have  been  kept 
for  a sufficiently  long  time  to  acquire  that  low 
temperature.  I take  one  of  these  strips  out 
quickly,  and  give  it  a blow  with  an  iron  hammer 
on  a cold  anvil.  You  observe  it  shows  a crack — • 
this  is  the  Pahang.  I take  another  strip  and 
strike  it  in  the  same  way — it  actually  breaks 
across  ; this  is  a material  containing  more  resin 
than  the  former.  I take  a third  strip — this 
withstands  the  blows  perfectly ; and  from  the 
mark  on  it  1 see  it  is  the  hardened  gutta  percha. 
This  clearly  shows  you  the  superiority  of  that 
material  over  the  others  at  exceptionally  low 
temperatures. 

In  order  to  give  you  an  idea  how  greatly  the 
physical  and  mechanical  properties  of  gutta 
percha  are  affected  by  the  extraction  of  the 
resin,  I have  prepared  Table  XVII.  which  is  so 
arranged,  that  it  can  be  directly  compared  with 
Table  XIV.  (p.  179),  giving  similar  particulars 
for  different  “ brands  ” of  gutta  percha. 

A large  number  of  different  raw  materials  of 
medium  quality  were  cut  up  into  small  pieces, 
which  were  then  intimately  mixed  and  divided 
into  two  portions.  One  portion  was  then 
simply  washed  in  the  ordinary  way  with  water, 
the  tests  of  the  cleaned  material  being  shown 
at  A ; the  other  was  treated  with  petroleum 
spirit  until  nearly  all  the  resin  had  been  ex- 
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racted,  and  was  then  washed  like  the  other ; 
he  results  of  the  tests  are  shown  at  li.  In  a 
iimilar  way,  other  mixed  raw  materials  were 
reated  with  petroleum  spirit  and  then  cleaned 
n the  ordinary  way  ; the  tests  of  these  are 
ihown  at  C,  D,  and  E.  The  comparison 
)etween  A and  B is  most  interesting  and  in- 
itructive.  Take,  for  instance,  the  softening 
emperature,  which  was  377°  C before  the 
reatment  and  57'2°  C after;  or  the  time  of 
lardening,  which  was  reduced  from  17  minutes 
0 less  than  a minute.  The  breaking  strength 
)er  square  inch  rose  from  1,592  lbs.  to 
1,662  lbs.,  but  the  elongation  diminished.  The 
dectrical  properties,  on  the  other  hand,  are 
)ut  little  alfected,  the  insulation  being  practi- 
:ally  the  same  as  before,  and  the  decrease  of 
'jpecific  inductive  capacity  is  probably  due 
0 the  smaller  percentage  of  water  in  the 
lardened  material.  The  extraction  of  the 
resin  in  this  case  is  far  from  complete  as  the 
esults  of  the  analyses  show.  The  sample 
narked  c is,  in  that  respect,  decidedly  better, 
he  raw  material  used  in  this  case  being 
)f  superior  quality,  and  the  results  obtained 
vith  the  hardened  material  correspondingly 
nore  favourable,  particularly  as  regards  the 
ensile  strength,  which  is  extremely  high,  viz. 
),757  lbs.  per  square  inch.  On  comparison 
vith  Table  XIV.  it  will  be  seen  that  the  average 
igures  there  given  in  no  case  approach  this 
ligh  figure.  The  comparatively  low  insula- 
ion  and  exceptionally  low  specific  induction 
i)f  sample  c are  to  be  attributed  to  the  par- 
iicular  description  of  the  raw  material  and  not 
0 the  extraction  of  the  resin.  The  remaining 
wo  samples,  D and  E,  were  obtained  from  raw 
Materials  similar  to  R.  The  percentage  of 
lesin  left  in  E is  a remarkably  low  one, 
ind  the  softening  temperature  of  61 -6°  C.,  is 
;>ne  of  the  highest  hitherto  observed  in  this 
lass  of  material,  and  certainly  higher  than 
hat  of  any  natural  kind  of  gutta  percha. 

Absorption  of  Oxygen. 

It  has  long  been  known  that  atmospheric 
|)xygen  in  the  presence  of  light,  deteriorates 
|,mtta  percha,  and  many  experiments  have  been 
nade  in  this  direction  but,  I believe,  none  so 
omprehensive  and  exhaustive  as  those  which  I 
t.m  now  going  to  describe.  The  object  of  these 
xperiments  was  to  compare  the  avidity  of  the 
ilifferent  “brands”  of  gutta  percha  in  absorbing 
•xygen  under  otherwise  similar  conditions.  For 
his  purpose  small  spheres  of  cleaned  gutta 
>ercha  of  8 square  centimetres  superficial 
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area  and  2 cubic  centimetres  contents  were 
enclosed  in  glass  tubes  filled,  with  oxygen 
gas  and  inverted  over  mercury  troughs,  as 
shown  in  Fig.  56.  Each  trough  was  provided 
with  six  such  tubes,  and  was  so  arranged 
that  every  tube  could  be  brought  over  a kind 
of  well  and  there  filled  with  oxygen  from  one 
of  the  bottles  of  compressed  gas,  supplied  by 
Brin’s  Oxygen  Company.  According  to  our 
tests  this  oxygen  contained  7 per  cent,  of 
nitrogen,  but  was  otherwise  sufficiently  pure 
for  the  purpose.  Each  tube  had  a capacity 
of  about  30  ccm.,  and  contained  two  spheres 
to  accelerate  the  absorption.  The  tubes  were 
refilled,  when  the  composition  of  the  residual 
gas  approached  that  of  the  atmospheric  air. 
The  mercury  troughs  were  placed  outside  a 
window  on  the  south  front  of  the  laboratory, 
fully  exposed  to  the  sunshine,  the  latter  being 
recorded  by  a Jordan’s  instrument.  The  experi- 
ment extended  over  24  weeks,  from  the  latter 
part  of  April  to  the  beginning  of  October 
last,  the  total  amount  of  sunshine  during 
that  period  being  about  680  hours,  and  the 
mean  temperature  during  day-time  i9'8^  C. 
The  results  of  the  experiments  are  graphi- 
cally represented  in  Fig.  57,  the  twelve 
materials  being  divided  into  four  groups  as 
before.  I may  add  that  the  materials  here 
employed  were  identically  the  same  as  those 
for  which  the  specific  gravity  is  given  in  Table 
X.  and  the  absorption  of  water  in  Diagrams 
Figs.  44  and  45.  The  mutual  relationship 
between  the  three  members  of  each  group  (or 
class)  is  very  apparent,  and  on  comparing  the 
various  groups  with  each  other,  it  is  seen  that 
the  rate  of  absorption  is  by  far  the  greatest  in 
the  case  of  Soo?idie,  and  the  smallest  in  the 
White  variety. 

This  is  still  more  apparent  in  Fig.  58, 
which  shows  the  smooth  mean  curves  for 
the  various  groups  (or  classes),  and  in 
which  the  absorption  of  oxygen  b}’’  Batata 
and  gutta  percha  from  Leaves  is  also  added. 
The  amounts  of  oxygen  absorbed  by  the  two 
last-named  materials  are,  curiously  enough, 
almost  identical,  both  being  higher  than  that 
of  the  Soo?idie  during  the  first  twenty  weeks 
and  smaller  afterwards.  As  in  the  case 
of  the  absorption  of  water,  the  figures  have 
been  reduced  to  pitre  gutta,  since  here  also 
the  hydrocarbon  is  the  active  component. 
Thus  reduced  to  standard  conditions,  the 
great  avidity  of  the  Soondie  for  oxygen  is 
even  more  pronounced,  whereas  the  Genuine 
is  now  practically  reduced  to  the  same  level 
as  the  White.  The  gutta  percha  from  leaves. 
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which,  as  we  have  seen,  consists  almost 
entirely  of  gutta,  comes  out  much  more 
favourably. 

According  to  some  experiments  with  spheres 
made  from  gutta  percha  obtained  by  Serullas’ 
and  my  own  process  respectively,  there  is  prac- 
tically no  difference  between  the  two  as  regards 
absorption  of  oxygen.  A certain  analogy 
between  the  curves  representing  the  absorption 
of  oxygen  (Figs.  57  and  58)  and  those  giving 
the  absorption  of  water  (Figs.  44,  p.  172,  and 
45 > P*  173)  is  unmistakable,  although  the 
order  followed  by  the  different  materials  is 
not  exactly  the  same  in  each  case. 

Fig. 


strips  has  been  subjected  to  a continuous  stream 
of  ozonised  oxygen  gas  for  three  consecutive 
hours,  and  the  places  where  the  gas  has 
played  on  the  strips  are  marked  by  white 
lines  ; but,  even  if  you  examine  them  closely, 
you  can  only  detect  a slight  shiny  patch  on 
some  of  them,  for  instance,  on  the  strip  made  of 
Bagan  goolie  soondie  and  on  that  of  balata, 
and  a little  roughness  on  others,  for  instance, 
the  three  best  kinds,  Pahang,  Banjer,  and 
Bulongan.  But  even  when  in  the  form  of 
thin  tissue,  gutta  percha  is  hardly  affected,  as 
I will  show  you  by  an  experiment.  Through 
this  Siemens’  Ozoniser  I shall  pass  a current 

56. 


Absorption  of  Oxygen  by  Gutta  Percha. 

Exposed  to  daylight  for  40  days  during  Spring  of  1897.  Total  sunshine,  185  hours  ; mean  temperature,  15° 


Behaviour  towards  Ozone. 

The  ready  absorption  of  oxygen  by  gutta 
percha  would  lead  one  to  expect  that  it  would 
also  be  particularly  susceptible  to  ozone,  which 
as  is  well  known,  attacks  caoutchouc  very  ener- 
getically. Contrary  to  what  has  repeatedly  been 
asserted,  such  however  is  not  the  case.  On  this 
board  are  mounted  a number  of  strips  of  gutta 
percha,  representing  the  different  brands  of 
this  material,  and  also  strips  of  gutta  percha 
from  leaves  and  from  balata.  Each  of  these 


of  oxygen  from  this  steel  cylinder,  and  1 
will  then  start  the  induction  coil.  The  oxygen 
issuing  from  the  apparatus  through  this  glass 
nozzle  is  strongly  ozonised,  as  you  will,  I 
think,  presently  notice  from  the  peculiar  smell 
it  imparts  to  the  air.  In  this  stream  of  ozonised 
gas  I hold  the  thin  tissue  stretched  over  a frame,, 
and  although  I expose  it  for  over  a minute, i 
you  cannot  observe  any  action  on  it.  I repeat 
the  experiment  with  a membrane  of  pure  Para- 
caoutchouc  similarly  stretched  over  a frame, | 
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and  you  observe  that  a few  seconds  suffice 
to  pierce  it,  as  if  it  were  mechanically 
injured.  But  I can  show  you  the  marked 
difference  in  the  behaviour  of  these  two  mate- 
rials towards  ozone  in  yet  another  way.  Here 
is  a glass  tube,  enclosing  a piece  of  gutta 
percha  tubing,  and  I pass  ozonised  air  for  a 
considerable  time  into  the  tube,  but  you  observe 
no  visible  effect  results.  Another  glass  tube, 
containing  a piece  of  grey  vulcanised  rubber 
tubing,  will  now  be  connected  to  the  ozone 
apparatus,  and  a few  minutes  will  suffice  to 
produce  numerous  cracks  on  the  surface,  and 
when  I take  it  out  you  will  observe  that  the 
rubber  has  been  very  much  affected. 


as  we  have  seen,  but  also  by  other  causes,  ! 
for  instance,  by  any  action  tending  to  make  , 
the  material  porous,  such  as  alternate  wetness  i 
and  dryness,  the  presence  of  substances  which  ; 
exercise  a solvent  action  on  gutta  percha 
as  a whole,  or  any  of  its  components,  &c. 
Certain  alkaline  substances  and  decaying 
organic  matters  also  appear  to  act  inju- 
riously, but  it  is  not  infrequently  quite  im- 
possible to  assign  a definite  cause  for  the 
local  decay  observed.  I have  here  a collection 
of  short  lengths  of  gutta  percha-covered  wires, 
which  had  been  used  for  street  work,  and  now 
show  numerous  places  where  the  gutta  percha 
covering  has  become  defective.  These  wires 


Fig.  58. 


Genuine  

Soon  die  

White  

Absorption  of  Oxygen  by  Dif: 

Two  spheres  < 

Deterioration  and  Preservation. 

The  principal  cause  of  the  destruction  of  gutta 
percha  is  the  absorption  of  atmospheric  oxy- 
gen, which  alters  the  gutta  and  produces  a 
brittle  resin  of  quite  a different  nature  to  that 
originally  present  in  the  material.  This  des- 
tructive oxidation  is  greatly  assisted  by  light, 


Mixed 

Leaves 

Balata  x x x 

lENT  Classes  of  Gutta  Percha. 

h 16  m/m.  dia. 

have  been  kindly  sent  me  by  Mr.  Preece,  of 
the  Postal  Telegraph  Department. 

It  is,  however,  not  merely  manufactured 
gutta  percha  which  undergoes  these  destructive  ; 
changes  ; for  raw  material  of  the  very  best  ( 
kind  succumbs  in  course  of  time  to  the  com- 
bined action  of  air  and  light,  as  you  will  see 
from  these  pieces,  which  have  been  in  our 
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show-room  for  a great  number  of  years  fully 
exposed  to  air  and  light,  and  are  now 
completely  resinified.  They  were  originally 
of  excellent  quality,  none  of  them  containing 
more  than  20  per  cent,  of  natural  resin. 

The  observation  made  during  the  experi- 
ments on  the  absorption  of  oxygen,  viz., 
that  the  Soo7idie  varieties  of  gutta  percha, 
when  exposed  to  light,  are  particularly  prone 
to  oxidation,  is  borne  out  by  another  expe- 
rience. Here  are  some  pieces  of  “ Getah 
Sundek  ’ ’ from  Payejia  Leerii,  presented 
to  Kew  Gardens  by  Sir  Hugh  Low  in  1883, 
and  which  were  in  perfect  condition  when 
I saw  them  in  1885.  They  are  now  quite 
resinified  and  yellow  on  the  surface,  owing  to 
the  exposure  to  diffused  light  in  the  Museum. 
I have  here  another  piece  of  exactly  the  same 
material  given  to  us  by  the  Director  of  Kew 
Gardens  in  1885,  which  I have  since  kept 
wrapped  up  in  tinfoil,  and  you  observe  it  has 
retained  its  original  colour  and  freshness, 
showing  no  signs  of  oxidation. 

Another  and  still  better  example  for  showing 
the  beneficial  effect  of  protection  from  light  is 
Lobb’s  specimen  of  gutta  percha,  to  which  I 
referred  in  my  first  lecture.  In  spite  of  its 
great  age  (over  50  years)  it  is  still  in  an  excel- 
lent state  of  preservation,  because  it  was 
sheltered  from  light  in  the  cupboard  of  the 
Herbarium.  Again,  Oxley’s  “gutta  percha 
cover,”  which  I also  showed  you  a fortnight 
ago,  exhibits  a well-preserved  patch  where  it 
was  formerly  covered  by  a label. 

Besides  protecting  gutta  percha  from  light, 
it  should,  if  possible,  be  also  protected  from 
air.  This  is  the  case  when  it  is  completely 
immersed  in  water,  and  in  that  respect  sub- 
marine cores  are  more  safely  placed  than 
subterranean  wires. 

Another  way  of  excluding  the  air  to  some 
extent,  is  to  varnish  the  gutta  percha  articles, 
and  this  method  is  resorted  to  by  the  War 
Office,  for  instance,  in  connection  with  the  gun 
impressions,  which  have  to  be  kept  for  refer- 
ence. 

For  specimens  of  value,  particularly  those 
kept  in  museums,  which  may  be  required  for 
analysis  after  a number  of  years,  I venture  to 
propose  the  use  of  a 4 per  cent,  solution  of 
formaldehyde,  which  does  not  appear  to  affect 
the  material,  and  is  otherwise  an  excellent 
preservative ; but  my  experience  with  that 
material  is  perhaps  too  limited  to  fully  justify 
.Tuy  doing  so,  and  this  must  therefore  be  con- 
tsidered  as  a suggestion  merely. 

When  gutta  percha  is  oxidised,  it  becomes 


porous  and  full  of  cracks.  If  it  is  used  for 
insulating  wires,  the  insulation  fails  at  such 
places,  since  the  moisture  penetrates  the  pores 
and  fissures  and  establishes  an  electric  con- 
tact with  the  conducting  wire. 

A sound  piece  of  core  can  be  bent  backwards 
and  forwards  at  will  without  sustaining  any 
injury ; but  if  an  oxidised  piece,  like  this  I 
have  here,  be  taken  it  breaks  immediately 
when  bent.  But  I can  show  you  a still  more 
typical  example  of  the  decay  of  the  material 
by  oxidation.  On  this  board  there  is  an  old 
gun  impression,  given  to  me  at  the  Royal 
Arsenal.  From  a distance  it  looks  the  same  as 
the  others  standing  by  its  side  ; but  when  I 
give  it  a blow  with  my  fist  it  is  shattered  to 
pieces  like  a sheet  of  glass.  I could  hit  the 
sound  impressions  as  hard  as  I liked  without 
in  the  least  injuring  them. 

Artificial  Substitutes. 

In  my  last  lecture  I explained  what  I meant 
by  ?iatural  substitutes,  and  I told  you  that  I 
only  knew  of  one  material  which  deserved  that 
name,  viz.  balata. 

With  artificial  substitutes  the  case  is 
different,  at  least  if  we  are  to  include  under 
that  name  all  materials  now  used  in  place  of 
gutta  percha  in  any  of  its  applications.  Of 
such  there  is  quite  a number  in  existence  under 
various  names,  e.g.  celluloid,  xylonite,  ebonite, 
stabilit,  ambroin,  &c.  &c.,  of  which  I cannot 
do  more  than  mention  the  names  to-night.  I 
think,  however,  that  a material  which  would 
really  deserve  the  name  of  a substitute  for 
gutta  percha  should  be  able  to  replace  it  to 
some  extent  in  its  principal  application,  i.e. 
the  insulation  of  electrical  conductors. 

A material  professing  to  fulfil  this  stipulation 
is  the  GiUta  Fra?t^aise  proposed  by  Mons.  E. 
Mourlot,^  of  Paris,  in  1878,  and  of  which,  at 
the  time  very  favourable  reports  were  given  by 
the  Press.  It  is  prepared  from  the  bark  of  the 
birch  tree  by  distillation,  and  its  price  was 
given  as  2* *50  fres.  per  kilogram.  The  material 
was  said  to  improve  gutta  percha,  when  mixed 
with  it,  making  it  more  durable  in  air  and  also 
securing  it  against  the  attacks  of  rats  in 
underground  conduits.  In  this  connection,  I 
may  perhaps  call  your  attention  to  an  interest- 
ing object,  which  Mr.  Hookey  kindly  lent  me, 
viz.  the  skeleton  of  a rat,  found  entangled  in 
some  gutta  percha-covered  wires  belonging  to 
the  Postal  Telegraph  Department. 

1 Ernest  Mourlot,  fils.  French  Patent  Specification  No. 

*33.310  of  October  23rd,  1879;  also  his  additional  patent  of 
September  3rd,  1880. 
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I have  a large  sample  of  Gutia  Fran^aise 
here,  and  also  some  mixtures  of  this  material 
with  gutta  percha  ; and,  I will  now  show  you 
that  they,  like  gutta  percha,  become  soft  and 
plastic  in  hot  water.  Our  experience  with 
the  French  substitute  has  not  been  very 
favourable,  as  we  have  found  that  if  any 
appreciable  quantity  of  it  is  added  to  gutta 
percha  it  makes  the  latter  coarse  and  brittle, 
and  also  unfavourably  affects  its  electrical 
properties. 

The  latest  substitute  for  gutta  percha,  of 
which  samples,  sent  me  only  a day  or  two  ago, 
are  mounted  on  that  board,  is  called  Velvril, 
a compound  of  collodion  cotton  and  nitrated 
castor  or  linseed  oil.^  This  material  is  said  to 
be  quite  durable  when  exposed  to  the  incle- 
mencies of  weather,  and  to  be  waterproof.  In 
the  process  of  manufacture,  the  velvril  paste  is 
moulded  like  gutta  percha,  but  it  afterwards 
hardens  and  cannot  then  be  softened  by  heat 
alone.  Cord  can  be  made  by  squirting  the  paste 
through  a die,  and  it  has  been  proposed  to  use 
this  substance  as  an  insulating  covering  for 
wires  in  place  of  gutta  percha.  Mr.  Walter  Reid 
has  promised  to  send  me  a sample  of  insulated 
wire  for  testing,  and  it  remains  to  be  seen 
whether  the  results  of  the  electrical  tests  are 
satisfactory. 

Some  com;pounds  containing  gutta  percha 
are  very  useful  for  different  purposes,  and  a 
specially  useful  one,  consisting  of  a mixture  of 
gutta  percha,  colophony,  and  Stockholm  tar,  is 
known  under  the  name  of  Chatterton' s Com- 
pound. It  is  largely  used  in  connection  with 
the  manufacture  of  gutta  percha-covered  wires, 
as  a binding  material  between  the  copper 
conductor  and  the  gutta  percha  covering,  or 
between  the  different  layers  of  gutta  percha  on 
the  core. 

A compound  consisting  of  equal  parts  of 
gutta  percha,  resin,  and  coal-tar,  was  proposed 
in  1847  by  Surgeon  Little  to  Dr.  Oxley,  ^ as  a 
useful  cement  for  various  purposes. 

Concluding  Remarks. 

I have  now  reached  the  end  of  my  long  pro- 
gramme, and  must,  I am  afraid,  plead  guilty  to 
having  considerably  exceeded  the  limits  of  the 
time  allotted  to  these  lectures  ; for  this  I now 
offer  you  my  apologies.  When  it  was  first 
arranged  that  I should  deliver  this  course  of 

^ W.  F.  Reid  and  J.  V.  Earle’s  Patent,  No.  21,995  ot 
Nov.  19,  1895. 

* Journ.  Ind.  Archip.,  1847,  vol.  i,  p.  22* *, 


lectures  on  gutta  percha,  and  I was  asked  to 
decide  about  their  number,  I had  some  mis- 
givings whether  I should  find  sufficient 
material  for  three.  Whilst  preparing  them, 
however,  the  subjects  which  appeared  to  merit  | 
attention  multiplied  to  such  an  alarming 
extent  that  I had  ultimately  to  contend  with  i 
the  reverse  difficulty,  viz.  that  of  1' embarras 
de  richesse.  I have  endeavoured  as  far  as  I 
could  to  do  justice  to  other  inventors  and  in- 
vestigators, and  any  omissions  in  that  respect  j 
I beg  you  not  to  attribute  to  want  of  appre-  | 
ciation,  but  solely  to  lack  of  time.  ! 

Some  of  the  Tables,  to  which  I have  only  , 
briefly  referred,  will  be  given  in  an  Appendix,  ' 
and  you  can  then  refer  to  them  at  your  leisure  ; 
but  there  will  be  a limit  even  in  that  respect, 
and  I shall  have  to  postpone  any  further  , 
remarks  to  a future  occasion.  I would  have  | 
liked  particularly  to  refer  more  fully  to  the 
various  analyses  and  other  researches, § which  , 
were  here  described  for  the  first  time. 

I have  mentioned  the  various  applications  of  i 
gutta  percha  in  the  Arts  a?id  Manufactures  \ 
in  the  course  of  this  lecture,  and  I thought  that  i 
a production  demonstrating  the  suitability  of  ' 
this  substance  to  works  of  Art,  would  form  an 
appropriate  conclusion  to  our  subject. 

I have  here  a panel  made  to  my  design 
by  my  old  friend  Mr.  Theodore  Scheerer, 
Chief  of  the  Modelling  Department  at  the 
Royal  Iron  Foundry  at  Wasseralfingen,  in 
Wurtemburg.  On  the  panel  are  the  portraits^  ; 
of  Sir  William  Hooker  and  Dr.  Werner  von  : 
Siemens  en  bas  relief,  modelled  in  red-coloured 
gutta  percha  and  enclosed  in  an  appropriate  : 
frame.  Gutta  percha,  made  plastic  by  heat,  I 
was  laid  on  zinc  plates  bit  by  bit  and  worked  t 
over  with  heated  modelling  tools.  Of  course  my 
friend,  who  had  never  used  this  material  before,  ' 
had  first  to  accustom  himself  to  it,  but  the  ’ 
result  shows  how  thoroughly  he  finally  mastered  ' 
all  difficulties. 2 

On  the  top  of  the  frame  in  the  centre  you  j 
observe  a full-size  representation  of  the  flowering  j 
branch  of  the  Isonandra  gutta,  described  by 
Hooker  in  1847,  and  in  the  corners  are  enlarged 
reproductions  of  the  flower  and  fruit.  At  the 
side  there  are  leaves  of  the  Isonandra  partially 


\ In  these  I have  been  very  ably  assisted  for  many  years 
by  Messrs.  W.  Eichenauer  and  A.  Smith,  latterly  also  hy 
Mr.  F.  Martin. 

1 Will  be  reproduced  in  the  Appendix. 

2 The  gutta  percha  is  coloured  with  5 per  cent,  of  rouge. 
From  different  samples  of  gutta  percha  sent  to.  my  friend,  he 
selected  one  having  about  40  per  cent,  of  resin,  as  the  most 
suitable  for  the  purpose. 
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iverlapping  each  other,  and  there  are  other 
lesigns  in  leaves  and  flowers  on  the  bottom 
)art  of  the  frame.  All  these  are  modelled  from 
futta  percha  of  its  natural  brown  colour, 
ktween  the  two  portraits  is  an  actual  piece  of 
he  first  submarine  core  laid  across  the  English 
Channel  in  1850,  and  manufactured  by  the 
jutta  Percha  Company.  In  the  left-hand 
)Ottom  corner  there  is  a section  of  the  first 
Atlantic  cable,  manufactured  by  Messrs.  Glass, 
illiott  and  Co.  in  1857,  in  the  right-hand 
orner  one  of  the  last  cables  laid  across  the 
^.tlantic  Ocean,  viz.  the  third  one  manu- 
actured  in  1894  for  the  Commercial  Cable  Co. 
ly  Messrs.  Siemens  Bros,  and  Co. 


Note  — In  conclusion,  the  lecturer  expressed  his 
ndebtedness  to  Mr.  Carl  von  Siemens,  the  chairman, 
nd  Mr.  Alexander  Siemens,  the  managing  director  of 
slessrs.  Siemens,  Bros,  and  Co.  for  kindly  allowing 
lim  to  bring  the  subject  before  the  Society  and 
enabling  him  to  make  the  lectures  attractive  by 
lumerous  objects  and  specimens  from  their  Works  at 
vVoohvich.  Dr.  Obach  also  expressed  his  sincere 
hanks  to  the  following  gentlemen  and  firms  for  their 
aluable  assistance,  the  loan  of  interesting  exhibits, 
kc.,  viz.  : — The  director  of  the  Royal  Gardens,  Kew, 
Dr.  W.  T.  Thiselton  Dyer  ; the  keeper  and  assistant- 
ceeper  of  Museums  at  Kew,  Messrs.  J.  R.  Jackson 
ind  J.  M.  Hillier ; the  assistant-keeper  of  the  Her- 
)arium  at  Kew,  Mr.  W.  B.  Hemsley  ; the  director 
ind  assistant-director  of  the  Colonial  Museum  at 
-iaarlem,  Mr.  F.  W.  van  Eeden  and  Dr.  M.  Greshoff ; 
he  directors  of  the  Botanical  Gardens  at  Singapore 
md  Buitenzorg,  Mr.  H.  N.  Ridley  and  Dr.  M. 
freub,  and  the  director  of  the  Pharmaceutical 
■nstitute  at  Berne,  Prof.  A.  Tschirch ; the  curator  of 
he  Botanical  Museum  at  Berlin,  Prof.  K.  Schumann, 
ind  also  Prof.  E.  Serullas,  of  Paris  ; the  director- 
general  of  Ordnance  Factories  and  his  first  military 
issistant.  Sir  William  Anderson  and  Com.  B.  H. 
iJhevallier,  R.N.  ; the  engineer-in-chief  of  the  Postal 
felegraph  Department  and  the  assistant-engineer, 
Messrs.  W.  H.  Preece  and  J.  Hookey;  the  Council  of 
he  Institution  of  Electrical  Engineers  and  the 
liecretar}’,  Mr.  F.  H.  Webb  ; the  director  of  the 
ijutta  Percha  Company,  Mr.  Willoughby  Smith  ; 
nd  Messrs.  R.  and  J.  Dick,  of  Glasgow,  and  H. 
lost  and  Co.,  of  Hamburg  ; Messrs.  Behn,  Meyer, 
iud  Co.,  of  Singapore,  particularly  their  Mr.  H. 
Pittmar  and  Mr.  L.  Hiils,  also  Mr.  C.  P.  Robertson 
'llasgow,  of  Singapore  ; Mr.  C.  Sachs,  of  the  British 
vluseum ; Messrs.  G.  P.  Simpson,  G.  Hume,  and 
V R.  Brooks,  of  London,  and  Mr.  Th.  Scheerer,  of 
.Vasseralfinger ; his  colleagues,  Messrs.  W.  Diesel- 
lorst,  P.  Estler,  and  C.  Hager  ; his  assistants, 
Messrs  W.  Eichenauer,  A.  Smith,  and  P.  A. 
|lysi  ; C.  F.  Smith,  K.  Weathers,  T.  Crockford, 
|.nd  F.  Martin. 


Miscellaneous. 


7V/E  MINING  INDUSTRY  IN  GALICIA. 

h'rom  a very  remote  period  the  Iberian  peninsula 
has  been  celebrated  for  its  mineral  wealth.  The 
Phoenicians,  and  later  on  the  Carthaginians,  worked 
the  gold  and  silver  mines  of  Spain.  Hannibal 
extracted  daily,  near  Carthagena,  a quantity  of  those 
metals  equivalent  to  6,000  pesetas  (;6240).  'nie 
most  renowned  ancient  historians  mention  the 
riches  of  Iberia  in  precious  metals,  and  relate  that 
in  the  time  of  Justinian  gold  was  found  in  the 
fields  worked  by  the  plough.  Idiny  the  younger 
says  that  in  his  time  2,000  jmunds  of  gold  were 
extracted  annually  from  Galicia,  Asturias,  and  Por- 
tugal. The  immense  quantities  of  this  metal  drawn 
from  Sj)ain  restored  and  replenished  the  public 
treasury  of  Rome.  After  the  fall  of  the  Roman 
Empire  the  mining  industry  received  no  great  im- 
pulse from  the  Moors,  and  finally  the  discovery  of 
the  New  World  was  the  death-blow  to  the  miners’ 
industrv  in  Spain.  In  fact,  with  the  object  of 
favouring  in  America  an  industry  which  was  for 
them  a source  of  great  wealth  the  kings  of  .Spain 
prohibited  the  working  of  mines  in  the  peninsula. 
The  United  States  Consul  at  Corunna  says  that 
owing  to  the  persistent  efforts  of  a few  prospecting 
Englishmen,  and  to  the  progress  made  every  year 
in  processes  for  the  extraction  of  refractory  ores,  it 
is  probable  that  in  a short  time  some  of  the  old 
Roman  mines  will  be  worked  on  a lar-ge  scale.  The 
gold  is  found  in  the  north-eastern  part  of  Galicia, 
between  the  slate  and  granite  formations.  The  ore 
is  iron  pyrites  containing  a little  arsenic.  The 
lodes  run  generally  with  the  formation,  north  and 
south  ; they  are  well  defined,  and  average  about 
14  ft.  in  thickness.  Assays  have  given  up  to  4 ounces 
per  ton  and  more,  but  the  average  is  between  6 and 
16  dwts.  to  the  ton. 

The  following  are  the  principal  gold  mines  in 
Galicia.  The  Sagasta  mines — In  these  mines  some 
2,000  metres  of  levels  and  cross-cuts  have  been  driven 
to  fully  prove  the  lodes.  Last  year  1,600  tons  of 
ore  were  extracted,  equal — according  to  the  assays — 
to  1,425  ounces  of  gold.  The  Fosas  de  Vila  mines — 
These  mines  have  been  proved  by  sinking  pits,  and 
are  being  offered  to  the  French  market.  The 
Josefina  mines  are  of  an  arsenical  iron  pyrite.  Assays 
made  in  Paris  give  over  an  ounce  of  gold  and  2 to 
30  grammes  of  silver  to  the  ton.  The  Buena  Espe- 
ranza — This  mine  is  very  much  like  the  Josefina. 
It  has  a main  lode  over  2,000  metres  long,  about  4 ft. 
wide,  and  a depth  of  more  than  lOO  metres.  The 
ore  assays  give  9 to  10  dwts.  to  the  ton,  with  less 
arsenic  and  more  iron  than  the  Josefina.  The  Virgen 
y S.  Victor  mines  are  on  the  same  lode.  The  ore, 
although  of  a very  complex  nature,  is  vciy  rich. 
There  are  many  other  concessions  taken  up,  but  for 
want  of  capital  are  not  being  developed.  On  the 
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banks  of  the  River  Sil  there  are  remains  of  important 
“ placer  workings,”  probably  Roman,  and  even  to- 
day a considerable  quantity  of  gold  is  washed  from 
the  deposits  in  the  banks  of  this  river  by  the  peasant 
women,  who  stand  in  the  shallow  places  and  wash 
the  stuff  they  have  collected  in  “bateas”  (wooden 
bowls),  in  the  working  of  which  they  are  adepts. 

Tin  is  one  of  the  ores  which  of  late  years  has  been 
much  worked.  There  is  a wide  belt  of  tin-bearing 
formation  which  runs  from  Zamora  through  a comer 
of  Portugal,  through  the  province  of  Orense,  and  from 
there  through  Santiago  up  to  the  coast  nearly  250  miles. 
The  mines  are  worked  under  considerable  difficulties, 
as  they  are  situated  for  the  most  part  in  remote 
districts,  and  for  want  of  means  of  communication 
the  ore  as  a rule  shipped  to  Havre  has  to  be 
transported  by  mules  to  the  nearest  railway  station. 
Since  the  fall  in  the  price  of  tin  the  greater  part  of 
those  workings  have  been  closed.  At  Santa  Cruz  and 
in  the  Ferrol  district  several  mines  of  very  rich  copper 
pyrites  have  been  worked,  but  not  systematically.  The 
only  mine  at  work  now  is  near  Monforte.  The  ore 
gives  from  15  to  20  per  cent,  metallic  copper. 
Formerly  a good  deal  of  antimony  was  mined,  but 
since  the  fall  in  prices  there  has  been  little  encourage- 
ment to  work  it.  At  Puebla  de  Brollon  there  is  a 
well-defined  lode  in  excellent  condition  for  mining, 
and  close  to  the  railway;  in  fact,  it  was  discovered 
during  the  construction  of  the  line.  From  the  con- 
cessions granted  in  the  districts  of  Viobra  and 
Quereno  a large  quantity  of  this  ore  could  be  ex- 
tracted provided  its  price  would  show  a small  profit. 
Iron  is  one  of  the  principal  minerals,  and  so  abundant 
that  in  any  other  country  but  Spain  it  would  have 
received  special  attention  from  the  Government ; but, 
according  to  the  American  Consul,  no  practical 
interest  appears  to  be  taken  in  this  most  important 
source  of  wealth,  and,  unfortunately  for  the  nation, 
nothing  has  been  done,  not  even  an  attempt  made  to 
estimate  the  quantity.  Broadly  speaking,  Galicia 
alone  must  hold  considerably  over  1,000,000,000  tons. 
The  deposits  are  disseminated  throughout  the  entire 
region,  for  the  most  part  on  or  near  the  seashore,  in 
positions  which  afford  excellent  means  of  shipping. 
The  great  drawback  to  the  working  of  these  mines  is 
the  per-centage  of  phosphorus.  The  La  Torre  mine  is 
situated  on  the  north  side  of  Vigo  Bay ; its  ore,  by 
means  of  a short  pier,  can  be  tipped  from  the  works 
into  the  holds  of  the  ships  alongside.  The  Incio 
zone  contains  one  of  the  largest  deposits,  but  very 
badly  situated  at  about  100  miles  from  the  coast.  The 
Villaboa  zone  is  also  badly  situated,  yet  much  nearer 
the  coast  than  Incio.  The  foregoing  are  representa- 
tive deposits,  and  give  a general  idea  of  the  industry. 
In  the  La  Torre  mine  assays  gave  the  following 
results:  Iron,  48-25  per  cent.;  phosphorus,  i-6i  per 
cent.  ; and  sulphur,  o-02  per  cent.  In  the  Incio 
zone  assays  gave : Iron,  45*64,  and  phosphorus,  o-o6 
per  cent.,  while  in  the  Villaboa  zone  the  assays  were 
as  follows : Iron,  46*2,  and  phosphorus,  0-225 
cent.  The  Consul  says  that  the  problem  of  worldng 


these  mines  may  be  solved  ere  long,  for  there  is 
continual  coming  and  going  of  English,  French,  ani 
German  experts  and  chemists.  Moreover  the  Britisi 
Iron  and  Steel  Institute  held  their  annual  meeting  a 
Bilbao  last  year,  and  it  was  rumoured  that  they  woulc 
also  visit  Galicia. 

Another  fact  to  be  noted  ps  that  the  supply  of  coa 
in  Asturias  is  abundant.  In  1894  the  output  wa 
1,000,000  tons,  against  880,000  in  1893.  The  Ferro 
district  contains  some  fairly  important  deposits  0 
plumbago,  and  the  discovery  of  several  mines  0 
asbestos  near  Puente  de  Eume  is  quite  recent.  Ven 
large  slate  quarries  run  nearly  due  north  from  Lug( 
up  to  the  coast.  In  conclusion  it  may  be  stated  tha:, 
the  mining  laws  of  Spain  are  the  best  in  the  world  fo 
the  protection  of  the  miners’  interests,  and  all  possible 
facilities  are  granted  by  the  Government.  The  con 
cessions  or  grants  are  given  in  perpetuity,  and  car 
only  be  cancelled  through  non-payment  of  taxes 
which  amount  to  about  £i  los.  lod.  per  acre,  plus  r 
royalty  of  3 per  cent,  on  the  value  of  bullion,  metal 
or  ore  extracted. 


Obituary. 


Ernest  Hart. — Mr.  Ernest  Hart,  editor  of  the 
British  Medical  Journal^  who  died  on  Friday,  7th 
inst.,  at  Brighton,  after  a long  illness,  had  been 
a member  of  the  Society  of  Arts  since  1877.  The 
first  paper  read  by  him  to  the  Society  was  on  Novem- 
ber 26,  1884,  and  the  subject  was  “ The  Inteniationali 
Health  Exhibition.”  Two  years  later,  in  May,  1886. 
he  delivered  his  course  of  lectures  on  “Japanese 
Art  Work.”  On  February  24th,  1892,  he  read  a 
paper  on  “Ancient  and  Modern  Art  Pottery  anc’ 
Porcelain  of  Japan,”  and  in  May,  1895,  he  gave 
two  Cantor  Lectures  on  “ Japanese  Art  Industries.’' 
Mr.  Hart  was  born  in  London  in  1836,  and  received 
his  early  education  at  the  City  of  London  School 
having  obtained  there  the  Lambert  Jones  Scholarship., 
He  became  a member  of  the  Royal  College  ol 
Surgeons  of  England  in  1856,  and  in  1864  wa; 
appointed  Ophthalmic  Surgeon  at  St.  Mary’s  Hospital. 
In  1858  he  became  a member  of  the  staff  of  the 
Lancet,  and  in  1866  was  appointed  by  the  council  01 
the  British  Medical  Association  to  the  editorship  ol 
the  British  Aledical  Journal,  a weekly  wffiich  he 
raised  to  its  present  important  position.  Until  re- 
cently he  was  Chairman  of  the  Parliamentary  Bill; 
Committee  of  the  Association,  and  he  was  also  for 
many  years  Chairman  of  the  National  Health  Society. 
In  1894  he  visited  India,  and  at  the  Sanitary  Congress 
held  in  Calcutta  he  expressed  strong  opinions  or 
the  actions  of  the  Indian  Government  in  respect  tc 
sanitary  matters  particularly,  in  regard  to  the  pre 
vention  of  cholera.  He  was  a voluminous  waiter,  anc 
published  papers  in  the  Transactions  of  the  Roya. 
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Medical  and  Chirurgical  Societies  and  in  the  Moor- 
fields  Ophthalmic  Hospital  Report,  and,  besides  his 
editorial  articles  in  the  British  Medical  yournal,  he 
contributed  to  the  Nineteenth  Cejitury,  the  Century, 
the  Forum,  and  other  periodicals.  He  wrote  the 
articles  on  Cholera  and  Vaccination  in  Dr.  Clifford 
Allbutt’s  “ System  of  Medicine,”  and  the  chapter  on 
Water-borne  Diseases  in  the  “Twentieth  Century 
Practice  of  Medicine.” 


MEETINGS  OF  THE  SOCIETY, 

Ordinary  Meetings. 

Wednesday  Evenings,  at  8 o’clock  : — 
January  19. — “ The  Projection  of  Luminous 
Objects  in  Space.”  By  Eric  Stuart  Bruce,  M.A. 

January  26. — “Fireproof  Construction  of 
Domestic  Buildings.”  By  Thomas  Potter. 

February  2. — “The  Cinematograph.”  By  Jules 
Fuerst.  Captain  W.  de  W.  Abney,  C.B., 
F.R.S.,  will  preside. 

February  9. — “Compensation  to  Workmen.”  By 

A.  D.  Provand,  M.P. 

February  16. — “The  Protection  of  Industrial 
Property.”  By  J.  F.  Iselin,  M.A.,  LL.M. 

February  23. — “ Children’s  Sight.”  By  R. 
Brudenell  Carter,  F.R.C.S. 

Dates  to  be  hereafter  announced: — 

“ Kites  : their  Theory  and  Practice.”  By  Captain 

B.  F.  S.  Baden-Powell. 

“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 
“The  Recent  History  of  Papermaking.”  By 
Clayton  Beadle. 

“The  Preparation  of  Meat  Extracts.”  By  C.  R. 
Valentine. 

“ The  Production  of  Low  Temperatures.”  By 
Professor  J.  A.  Ewing,  F.R.S. 

“ Aerial  Telegraphy.”  By  Professor  Silvanus 
P.  Thompson,  F.R.S. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — 

January  20. — “ Recreations  of  an  Indian  Official.” 
By  the  Right  Hon.  Sir  Mountstuart  Elphinstone 
Grant  Duff,  G.C.S.I.,  C.I.E.,  F.R.S.  The  Right 
Hon.  Lord  George  Hamilton,  M.P.,  will  preside. 

February  17. — “The  Plague  in  Bombay.”  By 
Herbert  Mills  Birdwood,  C.S.I.,  M.A.,  LL.D. 
(late  Governor’s  Council,  Bombay).  The  Right  Hon. 
Earl  Spencer,  K.G.,  will  preside. 

March  10. — “India  and  Sir  Henry  Maine.” 
By  Charles  Lewis  Tupper,  C.S.I.  The  Right 
Hon.  Sir  Mountstuart  Elphinstone  Grant 
Duff  will  preside. 

March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S. 

April  21. — “The  Rise,  Progress,  and  Present 


Position  of  the  Native  Press  of  Western  India.”  By 
R.  P.  Karkaria  (of  Bombay). 

April  28.  — “ India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — Paper  by  Sir  Alfred  Comyns  Lyall, 
G.C.I.E.,  K.C.B.,  D.C.L.  (Member  of  the  Council  of 
India).  (Title  to  be  announced.) 

The  meetings  of  January  20,  February  17, 
and  March  31,  will  be  held  at  the  Imperial 
Institute;  those  of  March  10,  April  21,  Apriil 
28,  and  May  19  at  the  Society  of  Arts. 


Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  afternoons  at  4.30 
o’clock : — 

January  18. — “ My  Recent  Journey  from  the 
Nile  to  Souakim.”  By  Frederic  Villifirs.  Major- 
General  Sir  Owen  Tudor  Burne,  G.C.I.E., 
K.C.S.I.,  will  preside. 

February  15. — “ The  Goldfields  of  Klondyke  an-d 
British  Columbia.”  By  W.  Hamilton  Merritt. 
Sir  Charles  Malcolm  Kennedy,  K.C.M.G., 
C.B.,  will  preside. 

March  15.— “The  African  : what  he  is,  and  what 
he  is  capable  of  becoming.”  By  the  Rev.  Godfrey 
Dale  (Universities  Mission  to  Central  Africa). 

April  5. — “The  Sugar  Industry  in  the  West 
Indies.”  By  T.  R.  Tufnell. 


Applied  Art  Section. 

The  meetings  of  this  Section  wall  take  place 
on  the  following  Tuesday  evenings,  at  S 
o’clock : — 

January  25. — “ Renaissance  Woodwork  in  Eng- 
land.” By  J.  Hungerford  Pollen.  William 
Luson  Thomas,  R.I.,  will  preside. 

February  22. — “The  Regalia  of  England.”  By 
Cyril  Davenport.  Sir  George  Birdwood, 
K.C.I.E.,  C.S.I.,  will  preside. 

March  8. — “ The  Making  of  a Stained  Glass 
Window.”  By  Lewis  Foreman  Day. 

March  29. — “ English  Art  in  Illuminated  MSS.”" 
By  Sir  Edward  Maunde  Thompson,  K.C.B. 

April  26. — “ The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  17. — “Practical  Points  in  Italian  Majolica 
Painting.”  By  William  Burton,  F.C.S. 


Cantor  Lectures. 

The  following  courses  of  Cantor  lectures 
will  be  delivered  on  Monday  evenings,  at 
Eight  o’clock  : — 

Cyril  Davenport,  “ Decorative  Book 
binding.”  Three  Lectures. 

Lecture  I. — January  24. — The  beginnings  of 
bookbinding — Assyrian  clay  tablets  in  their  cases — 
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Egyptian  papyi'us  rolls  — Vellum  rolls  — Roman 
diptychs — Mediaeval  bindings  in  carved  ivory,  and 
metal  covers  with  gems  and  enamels — Eecorative 
bindings  in  Europe  and  the  East  up  to  and  including 
the  15th  century. 

Lecture  II. — January  31. — Decorative  book- 
binding in  Continental  Europe,  chiefly  Italy,  France, 
and  Germany,  from  the  i6th  to  the  i8th  centuries 
inclusive,  with  some  notice  of  Oriental  bindings. 

Lecture  III. — February  7. — Decorative  book- 
binding in  England  from  the  i6th  to  the  i8th  century 
— Gold  and  enamelled  bindings  made  for  Henry  VIII. 
and  Queen  Elizabeth — Bindings  embroidered  on 
velvet  of  the  Tudor  period,  and  on  satin  during  the 
17th  century — Gold  tooled  work  by  Thomas  Berthelet 
in  the  i6th  century,  by  Samuel  Meame  in  the  17th 
century,  and  by  Roger  Payne  in  the  i8th  century,  and 
the  influence  of  these  great  binders  upon  the  art. 
Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

February  14,  21,  28,  March  7. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.” 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 


MEETINGS  EOR  THE  ENSUING  WEEK. 

Monday,  Jan.  17. ..Imperial  Inst.,  South  Kensington,  p.m. 

Mr.  H.  A.  Bryden,  “ South  Africa,  from  the  Cape 
to  Ngamiland.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  p .m. 

Victoria  Institute,  8,  Adelphi-terrace,  W.C.,  4I  p.m. 

Prof.  Hull,  “ The  Glacial  Epoch.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Prof.  W.  B.  Bottomley,  “ Microbes : friendly  or 
otherwise.” 

Tuesday,  Jan.  18  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  4I  p.m.  (Foreign  and  Colonial 
Section.)  Mr.  F.  Villiers,  “My  Recent  Journey 
from  the  Nile  to  Suakin.” 

Royal  Institution,  Albermarle-street,  W.,  3 p.m. 
Professor  E.  Ray  Lankester,  “The Simplest  Living 
Things.”  (Lecture  I.) 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m. 

Statistical  (in  the  Theatre  of  the  United  Service 
Institution),  Whitehall,  S.W.,  5 p.m.  Mr.  J.  A. 
Baines,  “ The  Recent  Course  of  Trade  within  the 
British  Empire.” 

Pathological,  20,  Hanover-square,  W.,  8|  p.m. 
Photographic,  12,  Hanover-square, W.,  8 p.m.  Photo- 
Mechanical  Meeting. 

Zoological,  3,  Hanover-square,  W.,  8|  p m.  i.  Dr. 
N.  H.  Alcock,  “The  Vascular  System  of  the 
Chiroptera.”  2.  Mr.  L.  W.  Byrne,  “The  General 
Anatomy  of  the  Holocephali."  3.  Dr.  W.  G. 


Ridewood,  “ The  Development  of  the  Hyo- 
branchial  Skeleton  of  the  Midwife-Toad  {Alytes 
obstetricans)." 

Wednesday,  Jan.  19.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  E.  S.  Bruce,  “ The 
Projection  of  Luminous  Objects  in  Space.” 
Meteorological,  25,  Great  George-street,  S.W. 
7I  p.m.  Annual  General  Meeting.  Address  by 
the  President,  Mr.  E.  Mawley,  “Weather  In- 
fluences on  Farm  and  Garden  Crops.” 
Microscopical,  20,  Hanover-square,  W.,  8 p.m. 

Annual  Address  by  the  President. 

Entomological,  ii,  Chandos-strret,  W.,  8 p.m. 
Annual  Meeting. 

Archaeological  Association,  32,  Sackville-street,  W., 

8 p.m. 

MiningandMetallurgy,  Geological  Museum,  Jcrmyn- 
street,  S.W.,  8p.m.  i.  Mr.  James  Park,  “Notes 
on  the  Action  of  Cyanogen  on  Gold.”  2.  Mr. 
S.  B.  Newall,  “Mexican  Methods  of  Mining.” 
3.  Mr.  F.  Cardell  Pengilly,  “ The  Successful 
Treatment  of  Tailings  by  the  Direct  Filling  Process 
on  the  Witwatersrand  ” 

Thursday,  Jan.  20...  SOCIETY  OF  ARTS  (East  Con- 
ference-hall, Imperial  Institute,  South  Kensington’ 

5. W.),  4J  p.m.  (Indian  Section.)  Right  Hon. 
Sir  Mountstuart  E.  Grant-Duff,  “ Recreations  of 
an  Indian  Official.” 

Royal,  Burlington-house,  W.,  4J  p.m. 

Antiquaries,  Burlington-house,  W.,  81  p.m. 

Linnean,  Burlington-house,  W.,  8 p.m.  i.  Dr. 
W.  G.  Ridewood,  “ The  Larv’al  Hyobranchial 
Skeleton  of  the  Anurous  Batrachians,  with  special 
reference  to  the  Axial  Parts.”  2.  Mr.  R.  H. 
Burne,  “The  Abdominal  Pore  in  the  Myainidae.” 
Chemical,  Burlington-house,  W.,  8 p.m.  i.  Dr. 
Julius  B.  Cohen  and  Mr.  Edward  Brittain,  “The 
Action  of  Caustic  Alkalies  on  Amides.”  2.  Dr. 
Julius  B.  Cohen  and  Mr.  H.  T.  Calvert,  (i), 
“ The  Formation  of  Monomethylaniline  from 
Dimithylaniline  ; ” (ii),  “Note  on  the  Aluminium- 
Mercury  Couple.”  4.  Mr.  J.  Elliott,  “Action 
of  Chloroform  and  Alkaline  Hydroxides  on  the 
Nitro-benzoic  Acids.”  5.  Messrs.  J.  Addyman 
Gardner  and  G.  B.  Cockburn,  (i)  “ Researches  on 
the  Terpenes;  ” (ii)  “The  Oxidation  of  Fenchene.” 

6.  Messrs.  Bevan  Lean  and  W.  H.  AVhatmough, 
“ The  Preparation  of  Pure  Iodine.” 

London  Institution,  Finsbury-circus,  E.C.,  6 p.m. 
Mr.  Arnold  Dolmetsch,  “Musical  Ornamentation 
in  the  i6th,  17th,  and  18th  Centuries.” 

Royal  Institution,  Albemarle-street,  AV.,  3 p.m. 
Prof.  Dewar,  “The  Halogen  Group  of  Elements.” 
(Lecture  I.) 

Historical,  28,  Jermyn-street,  S.W.,  8J  p.m. 
Numismatic,  22,  Albemarle-street,  AV.,  7 p.m. 
Friday,  Jan.  21.. .Royal  Institution,  Albemarle-street,  8 p.m. 

Weekly  Meeting.  9 p.m.  Sir  John  Lubbock, 
“ Buds  and  Stipules.” 

Junior  Engineering,  Westminster  Palace  Hotel,  S.AA''., 
8 p.m.  Prof.  A.  C.  Elliott,  “Laboratory-Testing 
Machines,  and  the  Latest  Example.” 

Philological,  University  College,  W.C.,  8 p.m. 
Quekett  Microscopical  Club,  20,  Hanover-square, 
W.C. , 8 p.m. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  W.,  5 p.m.  I.  Prof.  O.  Lodge,  “Electrical 
Signalling  without  Conducting  Wires.”  2.  A 
Tesla  Oscillator  will  be  exhibited  by  Prof.  S.  P. 
Thompson. 

Saturday,  Jan.  22. ...Botanic,  Inner  Circle,  Regent’s-park, 
N.W.,  3I  p.m. 

Royal  Institution,  Albemarle-street,  AV.,  3 p.m. 
Prof.  Patrick  Gjddes,  “ Cyprus.”  (Lecture  I.) 
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All  communications  for  the  Society  should  be.  addressed  to 
the  Secretary,  yohn-street , A del  phi,  London,  JV.C. 


Notices. 


EXHIBITION  OF  BOOKBINDINGS. 

In  connection  with  Mr.  Cyril  Davenport’s 
Cantor  lectures  on  “Decorative  Bookbinding,” 
an  Exhibition  of  specimens  of  Foreign  and 
English  Ornamental  Bindings  to  the  end  of 
the  eighteenth  century  will  be  held  in  the 
Reading  Room  of  the  Society.  The  Exhibition 
will  be  open  daily  from  Monday,  24th  inst.  to 
Monday,  February  7th.  Hours:  10  to  5 p.m., 
and  on  the  evenings  of  Mondays  and  Wednes- 
days from  6 to  9. 

Members  can  admit  their  friends  by  the  use 
of  the  usual  meeting  tickets  supplied  to  mem- 
bers. There  will  be  no  restriction  as  to  the 
number  of  tickets  issued. 

Non-members  of  the  Society  can  obtain 
cards  of  admission  on  application  to  the 
Secretary,  Society  of  Arts,  John  St.,  Adelphi, 
W.C. 


COVERS  FOR  JOURNAL. 

For  the  convenience  of  Members  wishing  to 
! bind  their  volumes  of  the  Journal,  cloth 
covers  will  be  supplied  post  free  for  is.  6d. 
each,  on  application  to  the  Secretary. 


Proceedings  of  the  Society. 
♦ ■ 

SIXTH  ORDINARY  MEETING. 

Wednesday,  January  19,  1898  ; Michael 
iCarteighe,  F.C.S.,  Member  of  Council,  in 
the  chair. 

. The  follow'ing  candidates  were  proposed  for 
lelection  as  members  of  the  Society  : — 

Bosley,  Walter  Joseph,  Sewerage  Outfall  Works, 
Guildford. 

iBoyd,  Captain  Mossom  Archibald,  R.E.,  Holt- 
! cottage,  Burton-lane,  York. 


Braham,  A.  C,,  9,  Broughton-road,  Ealing,  W. 
Clarke,  Stephenson  Robert,  Borde-hill,  Cuckficld, 
Sussex. 

Cunnington,  Thomas  C.,  23,  Queen-Anne’s  gate, 
S.W. 

Doulton,  If.  I.ewis,  Lambeth  Lottery,  S.K. 

Elmer,  J.  J.,  Ethelmar-house,  Waverley-road,  Crouch- 
end,  N. 

Forrester,  William,  i^owell-house,  .Staplehurst,  Kent. 
Griffith,  William  R.,  Rydal  Mount,  Upper  Bangor, 
North  Wales. 

Hoskins,  Nandy  W.,  Invicta-house,  Plumstead- 
common-road,  .S.E. 

Lawson,  Allan  John,  25,  Canning- road,  Croydon, 
.Surrey. 

Liversedge,  Alfred  J.,  32,  Victoria-street,  Westmin- 
ster, S.W. 

Macadam,  H.  E.,  ICnsleigh,  High-street,  Wanstead, 
Essex. 

Martin,  David,  2,  Provan- place.  North  Montrosc- 
strcct,  Glasgow. 

Mitchell,  Charles  Frederick,  .Seeburg,  Pennanl-road, 
.Shepherd’s-bush,  W. 

Ransome,  John  Wihner,  62,  Fiiisbuiy-jiavemcnt,  E.C. 
Rathbone,  Richard  Reynolds,  J.P.,  D.L.,  Glaii-y- 
IMenai,  Menai-biidge,  Anglesey. 

.Small,  William,  294,  Camden-road,  N.W. 

Speak,  John,  Kirton-grange,  Kirton,  near  Boston. 
Thudichum,  George  Dupre,  2,  Edinburgh-mansions, 
Howick-place,  .S.W. 

Turnbull,  R.A.,  Langhani-hotel,  W. 

Wheatley,  Richard,  junr.,  42,  Brougham-street, 
Birmingham. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Hilditch,  James  Bracebridge,  Asgill-house,  Rich- 
mond, Surrey. 

Wattenbach,  Oscar,  15,  Long-lane,  E.C. 

Welton,  William  Shakspearc,  46,  Canficld-gardens, 

N.W. 

The  paper  read  was— 

THE  PROJECTION  OF  LUMINOUS 
OBJECTS  IN  SPACE. 

By  Eric  Stuart  Bruce,  M.A.,  Oxox. 

It  is  a well-known  fact  of  optics  that  the 
retina  of  the  human  eye  retains  the  impression 
of  an  object  for  a short  time  after  the  object 
itself  has  been  withdrawn.  This  phenomenon 
is  called  “persistence  of  vision,”  and  the 
images  which  thus  remain  on  the  retina  after 
the  exciting  cause  is  withdrawn  are  called 
sometimes  “positive  accidental  images,”  some- 
times “incidental  images,”  and  sometimes 
“ consecutive  images.”  We  can  recognise 
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persistence  of  vision  without  the  aid  of  any 
instrument.  Were  it  not  for  persistence  of 
vision  the  rain-shower  would  be  falling  drops, 
not  lines,  of  water ; the  meteor  in  the  skies 
would  be  bereft  of  its  glories,  being  merely 
a fiery  ball,  leaving  no  glittering  path  behind 
it,  and  in  man’s  imitation  of  a meteoric 
shower — a display  of  fireworks — the  most 
elaborate  Catherine  wheel  ever  designed  would 
resolve  itself  into  a few  points  of  fire. 

But  from  time  to  time  various  optical  in- 
struments have  been  devised  to  specially  illus- 
trate persistence  of  vision.  Foremost  amongst 
the  older  instruments  was  the  zoetrope,  in 
which  successive  positions  of  the  bodies  of 
human  beings  and  animals  in  motion  were  in 
turn  so  rapidly  brought  before  the  retina  that 
the  synthesis  of  the  various  impressions  gave  a 
fairly  lifelike  representation  of  the  actions  of 
the  subjects.  But  now  the  zoetrope  has  been 
improved  into  the  cinematograph,  in  which 
instantaneous  photography  supplies  faithful 
representations  of  the  different  positions  of 
objects  in  motion,  and  in  place  of  the  puppet- 
like performance  of  the  zoetrope  we  have  pho- 
tographs which  come  to  life,  and  any  past 
scene,  whether  it  is  the  bustle  of  a railway 
station,  the  execution  of  a ballet  on  the  stage, 
the  breaking  of  a tempestuous  sea  on  the  shore, 
or  the  splendours  of  a Jubilee  procession,  can 
be  preserved  and  re-acted  for  the  delectation 
of  posterity.  In  the  face  of  such  an  excellent 
contrivance  for  illustrating  persistence  of  vision, 
it  may  seem  unnecessary  to  introduce  any  new 
instrument.  I have,  however,  five  claims  for 
bringing  the  instrument  I have  invented  and 
called  the  “aerial  graphoscope  ” before  the 
notice  of  this  Society.  I may  also  add  that  the 
invention  of  the  aerial  graphoscope  is  of  prior 
date  to  the  evolution  of  the  cinematograph. 

1 . It  shows  the  general  effects  of  persistence 
of  vision  in  a striking  manner,  so  that  a whole 
audience  can  see  them  without  strain  or  fatigue 
to  the  eyes,  as  there  is  no  interruption  to  the 
image  by  intervening  shutters  or  segments. 

2.  Besides  showing  the  general  effect  of 
persistence  of  vision,  it  carries  its  penetrative 
qualities  of  instruction  further  than  the  older 
instruments  designed  to  illustrate  the  pheno- 
menon : for  instance,  it  appears  to  be  the  only 
instrument  which  shows  the  difference  in  in- 
tensity between  the  real  and  incidental  image, 
and  the  gradual  fading  from  the  retina  of 
incidental  images. 

3.  It  forms  a most  delicate  test  of  the  exact 
duration  of  persistence  of  vision  on  the  indi- 
vidual retina. 


4.  The  apparatus  is  a valuable  adjunct  to 
the  resources  of  the  optical  lantern,  as,  by  its 
means,  a lantern  picture  can  be  projected  in 
space  and  bold  relief  without  the  usual,  and  as 
was  once  thought  necessary,  white  sheet  or 
screen. 

5.  Because  the  aerial  and  transparent  images 
produced  can  be  made  so  eminently  spectral 
and  ghostlike,  the  apparatus  supplies  a new 
and  artistic  method  of  depicting  the  super- 
natural in  stage  effect. 

Before  treating  of  the  more  strictly  scientific 
uses  of  the  aerial  graphoscope  I will  explain 
the  action  of  the  instrument.  Its  vital  principle 
is  this  narrow  lath  of  wood,  painted  white  in 
front,  with  a grey  centre  gradually  diminishing 
in  shade  to  white.  This  lath  can  be  rapidly 
revolved  at  its  centre  by  means  of  a multiply- 
ing wheel,  or,  if  it  is  preferred,  by  an  electric 
motor.  On  the  lath,  which  is  now  at  rest,  I 
throw  a small  portion  of  a magic-lantern 
picture  representing  a statue.  When  the  lath 
is  revolved  rapidly  you  see  the  whole  picture 
before  you,  apparently  in  space  (experiment 
shown),  the  explanation  being  that  as  the  lath 
revolves  it  receives  the  different  portions  of  the 
picture  in  turn.  Owing  to  the  fact  that  ihe 
retina  of  the  eye  retains  for  a short  time  any 
impression  presented  to  it,  the  various 
portions  have  not  time  to  fade  before  the  whole 
picture  has  been  successively  projected  on  to 
the  lath.  The  picture,  therefore,  does  not 
really  exist  as  a whole  in  the  place  where  it 
appears.  As  a whole  it  emanates  from  each 
one’s  retinal  organ,  and  is  developed  by  each 
one’s  individual  powers.  It  may,  therefore,  be 
correctly  described  as  an  image  in  space,  and 
its  ghostly  character  is  made  apparent  when 
I place  this  vase  of  flowers  and  other  objects 
behind  the  revolving  lath,  the  real  objects! 
being  seen  through  the  vision.  (Experiments; 
shown.) 

When  a lath  of  76  centimetres  long  and  i 
centimetres  broad  was  revolved  by  an  electric  ^ 
motor  placed  i metre  14  centimetres  from  the; 
nozzle  of  the  lantern,  the  number  of  revolutions 
per  half-minute  required  to  produce  a reall} 
steady  image  was  318.  The  lath  used  thi.‘i 
evening  is  5 centimetres  wide,  so  as  to  cbtair' 
a very  brilliant  picture,  but  the  persistent 
image  is  obtainable  by  using  a surface  of  onh; 

I millimetre  in  width.  On  this  lath  I havl 
gummed  a sheet  of  thin  white  paper,  leaving  J . 
surface  of  i millimetre  projecting  over  the  edgi  • 
of  the  lath.  On  this  surface  I will  project  ai  | 
infinitesimal  portion  of  a lantern  picture  h;  f 
means  of  a lantern  from  behind.  When  thli 
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lath  revolves  you  see  a very  faint  image  of 
the  crescent  moon  in  the  lantern.  The  image 
is  clear  though  necessarily  very  faint  as  the 
receiving  surface  has  been  then  reduced,  (l^x- 
periment  shown.) 

Thus  the  general  effects  of  persistence  of 
vision  have  been  clearly  demonstrated,  I will 
now  point  out  the  educational  value  of  the 
apparatus  in  showing  the  difference  in  inten- 
sity between  the  real  and  incidental  image. 

You  will  have  noticed  that  the  centre  of 
the  lath  is  tinted  grey,  gradually  diminishing 
in  shade  to  white  from  the  centre  towards 
the  extremities.  This  has  been  done  to 
preserve  the  artistic  effect  of  any  picture 
thrown  upon  it.  It  is  in  fact  there  to  reduce 
to  some  extent  the  effect  of  the  variance  in 
intensity  between  the  real  and  the  incidental 
image : to  give  the  centre  of  the  picture 
as  far  as  possible  the  same  intensity  of 
illumination's  the  outer  portions.  The  centre 
of  the  lath  in  revolving  is  always  before  the 
eye.  Here  there  is  no  incidental  image. 
When  there  is  no  picture  in  the  lantern  and 
only  the  bright  disc  shown,  though  that  centre 
is  tinted  grey  there  is  a brilliant  centre  in 
the  disc,  white  in  comparison  with  the  outer 
portions.  Here  you  see  the  difference  in 
intensity  between  the  real  and  the  incidental 
image.  (Experiment  shown.)  Let  me  call 
your  attention  also  to  the  diminishing  inten- 
sity of  the  illumination  of  the  disc  from  its 
centre  towards  the  extremities  as  it  becomes 
less  and  less  reinforced.  This  shows  the 
gradual  fading  from  the  return  of  incidental 
I images.  (Experiment  shown.)  I now  fix  a 
I piece  of  white  paper  upon  the  central  portion 
' of  the  lath,  and  then  throw  a picture  upon  it 
as  it  revolves.  The  contrast  between  the 
central  portion  and  the  rest  is  still  more 
strongly  marked.  (Experiment  shown.) 

When  objects  in  rapid  motion  are  pro- 
jected on  the  revolving  lath,  very  curious 
multiplication  phenomona  are  observable.  If 
I were  to  take  this  ball  and  drop  it  between 
the  lantern  and  an  ordinary  white  screen,  its 
shadow  would  be  a blurr  made  up  of  a 
number  of  images  of  the  falling  ball.  When, 
however,  I substitute  the  revolving  lath  for 
the  screen  instead  of  the  blurr  we  get  four 
distinct  images  of  the  falling  ball.  (Experi- 
ment show.)  Again,  if  I revolve  this  iron 
ring  between  the  lantern  and  screen  we  see 
a number  of  distinct  rings.  (Experiment 
shown.)  I vibrate  this  wire,  and  it  is  like- 
wise multiplied.  I twist  about  this  chain 
and  it  resolves  into  fantastic  shapes.  (Ex- 


periments shown.)  The  multiplication  of  the 
shadow  of  the  ring  and  of  the  ball  and 
other  moving  objects  is  obviously  caused  by 
the  relative  movements  of  the  objects  and  re- 
volving lath  affording  an  interrupted  view  of 
the  shadow  of  the  ball  in  its  descent  and  the  ring 
in  its  revolutions.  When  I cause  a number  of 
electric  sparks  in  rapid  succession  to  pass 
between  two  terminals,  and  move  the  terminals 
backwards  and  forwards,  we  do  not  see  a 
continuous  line  of  light,  the  blurring  of  a 
number  of  electric  sparks,  but  persistent  images 
of  electric  sparks  at  intervals.  (ILxperiment 
shown.)  If  the  intermittent  electric  discharge* 
was  of  sufficient  intensity  to  illuminate  objects, 
any  objects  in  motion  seen  by  its  hashes  would 
be  multiplied  like  the  ring  and  ball  on  the 
incidental  disc.  I have,  however,  another 
means  of  producing  an  intermittent  beam  of 
light  by  revolving  this  disc  with  two  slits 
in  it  in  front  of  this  limelight  lantern.  When 
in  the  path  of  this  intermittent  beam  I swing 
this  ring  backwards  and  forwards,  you  sec 
the  same  effect  as  on  the  incidental  disc. 
(Experiment  shown.) 

A most  remarkable  experiment,  showing 
the  multiplication  phenomena,  is  one  which 
I have  called  the  “hieroglyphic  effect.”  t 
take  a slit,  such  as  is  used  for  spectrum 
work,  and  move  it  backwards  and  forwards 
in  the  lantern,  when  the  image  appears  not 
only  muliplied,  but  so  distorted  as  to  give  the 
appearance  of  hieroglyphic  writing.  The 
multiplication  and  distortion  depend  upon 
the  relative  movements  of  the  lath  and  the 
slit  in  the  lantern,  and  also  upon  the  centreing 
or  not  of  the  image  on  the  revolving  lath.  The 
bend  of  the  U and  truncated  stem  of  the 
W appear  to  be  caused  by  the  central  and 
real  portion  of  the  disc.  (Experiments  shown.) 
You  will  notice  that  the  multiplication 
phenomena  are  sometimes  seen  reversed. 
There  is  another  striking  experiment  on 
the  same  principle.  In  the  lantern  is  a 
colour  disc  of  blue,  red,  and  green  sectors. 
When  this  is  revolved  in  the  lantern  and  its 
projection  cast  on  any  ordinary  screen,  white 
light  is  produced  from  the  mixture  of  colours 
remaining  on  the  retina.  hen,  however, 
we  cast  the  projection  on  the  incidental  disc  we 
fail  to  obtain  white  light,  except  on  the  real 
portion  of  the  disc.  This  experiment  shows 
very  clearly  the  boundary  lines  of  the  real 
image.  (Experiment  shown.) 

The  exact  time  that  the  persistent  image 
remains  on  the  retina  varies  with  the  intensity 
of  the  illumination  with  which  objects  are 
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perceived  and  with  the  sensitiveness  of  the 
individual  retina.  Probably,  also,  the  per- 
ception of  persistence  varies  with  the  sensi- 
tiveness of  that  complex  mechanism  v'hich 
connects  the  rods  and  lines  of  the  retina  with 
the  grey  matter  of  the  brain.  It  is  conceivable, 
too,  that  the  brain  itself  has  a part  in  deter- 
mining the  time  of  persistence.  It  seems  that 
a variety  of  other  circumstances  are  also  res- 
ponsible for  the  duration.  The  same  person 
often  has  a different  capacity  of  persistence 
of  vision  when  he  is  well  from  what  he  has  when 
he  is  ill,  and,  as  I have  ascertained  by  actual 
tests,  he  can  have  a very  different  capacity  at 
different  times  of  the  day  according  to  the 
circumstances  under  which  he  is  placed,  for 
instance,  within  a few  minutes  his  capacity  of 
persistence  of  vision  may  widely  differ  if  within 
those  moments  he  has  taken  violent  physical 
exercise.  In  many  cases  persistence  of  vision 
shows  different  durations  for  objects  viewed 
under  light  of  different  colours.  It  also  varies 
with  the  condition  of  the  retina  itself  at  the 
moment.  Persons  who  have  rested  the  retina 
by  being  in  the  dark  show  a different  capacity 
from  that  shown  when  the  retina  is  more 
fatigued.  I have  mentioned  that  the  aerial 
graphoscope  affords  a most  delicate  test 
for  ascertaining  the  time  of  persistence  on 
the  individual  retina.  In  this  respect  the 
apparatus  promises  to  be  useful  in  the 
physiological  laboratory.  I have  myself 
taken  67  tests  with  different  persons  under 
varying  conditions,  the  results  of  which  are 
tabulated  on  the  diagrams  before  you.  We 
have  seen  that  to  produce  a good  steady 
image  on  the  incidental  disc  a speed  of 
some  318  revolutions  a half-minute  is  desir- 
able. The  persistent  image  is,  however, 
visible,  though  not  steady,  at  a much  lower 
rate  than  that,  the  exact  rate  being  a matter  of 
individual  capacity.  If  we  ascertain  the  rate 
of  revolutions  at  which  each  individual  can 
just  see  persistence  of  vision,  we  can  calculate 
his  particular  capacity  of  persistence. 

The  arrangement  of  apparatus  I have  em- 
ployed for  the  purpose  is  as  follows.  A lath  of 
76  centimetres  long  and  5 centimetres  broad 
was  revolved  by  an  electric  motor,  provided 
with  means  of  counting  its  revolutions.  The 
motor  was  worked  by  means  of  a 5 cell  electric 
storage  battery,  through  a resistance  with 
sliding  contact.  The  lath  was  placed  i metre 
14  centimetres  from  the  nozzle  of  the  lantern, 
in  which  there  was  an  ordinary  blow-through 
oxyhydrogen  jet.  In  the  lantern  was  placed  a 
slide  representing  a statue. 


TABLE  I.— Aerial  Graphoscope  Tests  c/f 
Persistence  of  Vision. 
Miscellaneoiis  Group  of  2^  Persons. 


No.  of  revolu-  '1  1 IVrsistcnro 

tions  per  > GIVES  < of  vision  in 

J minute.  ) * seconds. 

I M 

27*  (self) 

2-2 

2 M 

27*  (optical  assistant) 

2-2 

3 F 

27 

2-2 

4 F 

27 

2-2 

5 F 

27 

2-2 

C F 

37 

1-62 

7 M.  child . . 

37 

r02 

8 F 

27 

2*2 

9 M 

75 

•8 

10  F 

27 

2-2 

II  M.  child.. 

27 

2-2 

12  M. child.. 

27 

2-2 

13  F 

41  (shortsighted) 

1-46 

14  M 

27 

2-2 

15  F 

27 

2-2 

16  M 

27  (sportsman) 

2-2 

17  F 

27 

2*2 

18  M 

92  (engineering  student) 

•652 

19  F 

34  (shortsighted) 

1-76 

20  F 

72  (sister  of  engineering  student 
with  high  record  above) 

•83 

21  F 

40 

1-5 

22  M 

50 

1-2 

23  M.youdi.. 

27 

2-2 

24  M.  child. . 

34 

1-76 

25  M.  child.. 

36 

r6 

* Mean  of  four  readings.  Average  1*36.  Mean  I'jg. 


Table  I.  shows  a group  of  25  tests  I took  in 
1895.  The  low  rate  of  27  revolutions  per  half- 
minute, at  which  the  persistent  image  was 
just  visible  to  myself  and  assistant,  both 
accustomed  to  observe  the  incidental  disc,  was 
taken  as  the  lowest  limit  for  the  test.  This 
was  the  mean  of  4 readings,  the  variations  in 
the  running  of  the  motor  being  but  slight. 
The  persons  taken  for  the  test  were  of  both 
sexes  and  of  various  ages  and  classes,  and 
described  themselves  as  of  good  sight,  except 
two  marked  on  the  list.  None  wore  glasses. 
In  the  Tables  I.  and  IV.  M stands  for  male,  F for 
female.  The  apparatus  used  for  these  earlier 
tests  was  somewhat  more  rough  and  ready  than 
that  which  I employed  for  the  later  groups,  but 
I consider  the  results  of  the  tests  sufficiently 
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TABLE  II.— Aerial  Graphoscope  Tests  of  Persistence  of  Vision. 

Group  of  25  Hoys  before  and  after  Running'  (First  Reading's). 


Ht'fon*  running. 

1 After  running. 

No.  of  revolu-  I I 

tions  per  > ciVKS 

1 minute.  J ( 

J’ersistenre  of 
vision 

in  seconds. 

1 No.  of  revolu-  \ ( I’ersistenre  of 

I tions  p'-r  . c.iVK.s  | vision 

1 minute.  ) * in  seconds. 

I 

52 

I-I5 

i 

1-58 

2 

65 

•909 

; T 

, -845 

3 

44  (head  boy  of  school) 

1-3^'G 

53 

! I-I3 

4 

73 

•82  1 

! 46 

1-304 

5 

37  (third  boy  in  4th  form) 

1-62 

32 

1-87 

6 

65 

•923 

34 

1-76 

7 

44  (top  boy  4th  form) 

I -3^G 

42 

1-428 

8 

91 

98 

' -6:2 

9 

51  (middle  boy  in  5th  form) 

i-i  76 

46 

1-304 

10 

53  (5th  Standard) 

i-«3 

48 

: 1-25 

1 

11 

51  (nearly  top  of  his  class) 

1-176 

50 

i ^‘2 

12 

39  (top  of  Standard  5 ; very  clever  ; best 
example  I have  had) 

1-53 

40 

1 1-5 

13 

49  (fourth  in  7th  Standard) 

1 I -22 

i 42 

j 1-428 

14 

54 

II 

5^ 

1-07 

15 

74 

•8108 

53 

i-'3 

16 

=;7 

1-05 

57 

1-05 

17 

50 

1-2 

47 

I -27 

18 

82 

•73 

53 

i-'3 

19 

69 

•87 

73 

-821 

20 

82 

"73 

42 

1-428 

21 

58 

1-03 

^>3 

•95 

22 

1-07 

50 

1-2 

23 

92 

•^G 

67 

-8<) 

24 

53 

I -13 

43 

1 -39 

25 

59 

I -Of 

40 

‘•5 

26 

60 

I 

55 

I -09 

Average  103.  Mean  '98.  Average  I'aj.  ^lean  I'oj. 

7 boys’  persistence  was  lowered,  18  increased, 
and  I boy  the  same. 


accurate  to  quote,  as  several  of  the  tests 
were  the  mean  of  four  readings,  the  variations 
in  the  running  of  the  motor  being  but  si  ight. 
I may  also  add  that  one  person  that  I had 
tested  with  the  rougher  form  of  apparatus 
came  out  the  same  when  tested  again  with 
the  more  improved  arrangement.  In  this 
group  you  will  notice  that  14  of  the  25 
persons  could  see  the  persistent  image  at  the 
low  test  rate  selected,  viz.,  27  revolutions  per 
half-minute.  This  gives  a long  persistence  on 
the  retina — as  much  as  2*2  seconds.  In 
i making  these  calculations  it  was  necessary  to 
^ remember  that  the  lath  being  revolved  at  its 
centre,  each  part  of  the  picture  is  reinforced 


twice  during  each  revolution.  The  shortest 
persistence  on  this  list  is  '652.  The  reason 
for  the  high  readings  is  doubtless  the 
brilliant  oxyhydrogen  light  employed  in  the 
lantern,  and  placed  at  such  a short  distance 
from  the  revolving  lath.  They  show  that  one 
of  the  most  determining  factors  in  the  duration 
of  persistence  of  vision  is  the  intensity  of  the 
illuminant  under  which  objects  are  seen,  and 
that  the  quotation  of  any  average  for  persistence 
of  vision  such  as  or  of  a second  without 
any  reference  to  the  nature  of  the  illuminant  is 
exceedingly  vague. 

The  results  of  Table  II.  are  of  special 
interest  as  it  tabulates  tests  of  26  subjects 
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before  and  after  bodily  exertion.  The  subjects 
were  schoolboys  selected  from  various  schools  ; 
for  instance  the  first  seven  were  taken  from 
one  school.  They  all  undertook  to  be  tested, 
first,  in  their  normal  condition,  and  second,  im- 
mediately after  violent  exercise  in  the  form  of 
running  for  several  minutes.  No  one  was 
tested  the  second  time  until  he  was  panting 
for  breath.  In  the  results  of  these  tests  it  will 
be  noticed  that  the  persistence  of  every  subject 
was  altered  by  running  except  one,  who 
registered  the  same  figure,  viz.,  1-05  in  each 
case.  The  second  of  seven  was  lowered,  but 
that  of  nineteen  was  heightened.  From  this 
result  it  would  seem  that  bodily  fatigue  tends 
to  prolong  persistence  of  vision,  which  I believe 
is  the  tendency  of  illness.  These  tests  have 
not  been  treated  in  any  way  from  a medical 
point  of  view,  but  I may  point  out  one  case 
appearing  in  Table  II.  of  a person  enjoying 
perfect  health,  who  said  she  had  never  known 
the  slightest  indisposition  in  her  life,  she  comes 
out  at  I -39 — a medium  reading. 

It  would  be  interesting  to  hear  the  opinions 
of  those  conversant  with  the  theories  of  vision, 
as  to  whether  it  is  their  opinion  that  the  vary- 
ing durations  of  persistence  of  vision  in 
different  individuals  and  under  different 
circumstances  does  not  tend  to  support  the 
photographic  theory  of  vision,  which  seems 
likely  to  have  had  considerable  confirmation 
from  certain  experiments  with  X-rays  on  the 
retina — shadowgraphs  having  been  observed 
on  the  retina,  as  if  it  was  a sensitive  plate. 
Since  by  this  theory  an  actual  photograph  of 
everything  we  see  is  fixed  on  the  retina  by  one 
chemical  process  and  removed  by  another, 
may  we  not  suppose  that  these  chemical  pro- 
cesses would  not  go  on  at  the  same  rate  in  the 
retina  of  different  persons,  and  that  the  rate  of 
the  removal  of  the  visual  photographic  image 
corresponds  to  the  rate  of  what  we  call  the 
incidental  image.  Perhaps  also  it  is  reason- 
able to  expect  that,  after  the  system  has  been 
weakened  by  bodily  exertion,  the  speed  of  the 
removal  of  the  photograph  would  be  lowered. 

Table  III.  shows  tests  made  under  different 
colours,  compared  with  white  light,  the  rays 
from  the  lantern  passing  through  red,  green, 
and  violet  glasses.  These  tests  were  made 
with  five  females.  Those  marked  in  the 
Table  **  are  the  mean  of  three  readings.  The 
reason  why  I occasionally  took  the  three 
readings  was  not  that  the  subjects  were 
undecided,  but  because  I was  anxious  to  be 
sure  of  the  accuracy  of  the  tests  by  obtaining 
several  uniform  runnings  of  the  motor.  It  is 


satisfactory  to  state  that  the  motor  gave  very 
uniform  readings,  coming  out  time  after  time 
exactly  the  same  figure.  With  regard  to  these 

TABLE  III. — Aerial  Grapiioscope  Tests  of 
Persistence  of  Vision  under  White  Light 
AND  Colours.  (Five  Persons  Female.) 


White  Light. 


No.  of  revolu-  t ( Persistence 

tions  per  > ciVKS  S of  vision  in 

J minute.  J (.  seconds. 

I 

63* 

•9.S 

2 

70* 

•-57 

3 •••• 

36 

1-6 

4 .... 

5t 

I *176 

5 •••• 

3^> 

I -0 

Average  i'236.  IMean  i'23. 
* iVIean  of  three  readings. 

Red  Light. 


I 

63* 

•95 

2 

6o‘* 

I 

3 • • • • 

36 

1-6 

4 .... 

46 

1-304 

5 •••• 

73 

•821 

Average  i'i47. 

Mean  I'l. 

'*  Mean  of  three  readings. 

Violet  Lig 

'ht. 

I .... 

67* 

•89 

2 .... 

60* 

I 

3 •••• 

28 

2-14 

4 .... 

60 

I 

5 •••• 

60 

I 

Average  i'2o6. 

IMean  1-38. 

* Mean  of  three  readings. 

Green  Light. 

i 

61*- 

•98 

2 .... 

53 

II3 

3 •••. 

37 

1-62 

4 .. .. 

72 

•83 

5 •••• 

39 

1-53 

Average  i’2i.  Mean  i'i5. 

* Mean  of  three  readings. 

After  being  in  the  Dark. 

I . . , . 

5f 

I-I7 

2 . . . . 

59 

1-02 

3 •••• 

46 

1-304 

Average  i’i64. 

Mean  i-it. 

colour  tests,  there  have  not  yet  been  a sufficient 
number  of  tests  to  lead  to  any  definite  conclu- 
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sion,  though  in  most  cases  a different  reading 
is  obtained.  The  average  for  these  five  persons 
with  white  light  is  i‘2^6,  the  mean  1-23  ; with 
red,  the  average  is  1*147,  mean  i*i  ; w'ith 
violet,  average  1*206,  mean  1*38;  with  green, 
average  i*2i,  mean  1*15. 


TABLE  IV.— Aerial  Graphoscope  Tests  oe 
Persistence  of  Vision. 
Miscellaneous  Croup  of  w Persons. 


No.  of  rovolu-  J I I’crsistonro 

tions  per  ^ GIVES  1 of  vision  in 

1 niimite.  ) ( seconds. 

I.  F 

lor* 

*594 

2.  M.  child 

68* 

CO 

00 

3.  F 

96  (long  sight) 

•623 

4.  F 

46  (short  sight  with  glasses) 

1-304 

5.  M 

79  (signaller) 

•76 

6.  M 

43 

1*39 

7.  M 

71 

i-n 

CO 

po 

56 

1-07 

9-  F 

43  (always  in  perfect  health) 

1*39 

10.  M 

77  (with  glasses) 

*779 

II.  M 

70 

*857 

* j\Iean  of  three  readings. 


The  first  three  persons  who  were  tested  for 
colour  were  also  tried  after  the  retinal  rest 
produced  by  being  kept  in  the  dark  for  some 
minutes.  The  first  two  give  a higher  reading 
of  persistence  than  under  white  light,  the  third 
a lower.  The  average  of  the  group  is  1*164, 
the  mean  1*15.  No.  i of  Table  IV.  is  remark- 
‘ able  as  having  taken  the  highest  number  of 
revolutions  in  the  half  minute  to  sec  per- 
sistence, the  figure  being  loi.  She  described 
herself  as  being  of  good  sight.  In  this  list  two 
tests  of  persons  wearing  glasses  are  tabulated  : 

I the  persistence  of  one  comes  out  at  *625,  the 
I other  at  *779. 

The  question  of  persistence  of  vision  has 
an  important  bearing  on  modern  rapid  visual 
signalling.  When  1 move  my  hand  rapidly 
backwards  and  forwards  in  front  of  this 
candle,  the  flame  is  alternately  hidden  from 
and  exposed  to  view,  but  you  see  the  candle 
flame  all  the  time,  owing  to  persistence  of 
vision.  Thus,  in  the  same  way,  a light  inside 
a signaller’s  lantern  is  visible,  through  per- 
sistence of  vision,  when  the  shutter  obscures 
the  actual  light  from  reaching  the  eye.  In 
reading  the  signals,  the  signaller  is  discrimi- 
nating between  real  and  incidental  images, 
a rather  delicate  operation.  It  seems  evident 
that  his  sharp  reading  of  — and will 
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depend  upon  the  persisting  capacity  of  his 
retina.  Is  not,  therefore,  a good  signaller 
likely  to  be  one  whose  persistence  of  vision 
is  abnormally  low.  According  to  this  theory. 
No.  I of  Group  IV.  would  be  the  best  sig- 
nalling. No.  8 represents  the  reading  of  a 
highly-trained  signaller,  which  is  *76. 

It  would  seem  that  one  of  the  most  important 
tests  for  a signaller  is  that  of  his  persistence  of 
vision.  But  the  subject  should  not  only  be 
tested  under  ordinary  circumstances,  but  under 
all  kinds  of  conditions,  such  as  after  fatigue. 
Perhaps  those  only  should  be  selected  whose 
persistence  exhibits  little  fluctuation  under  a 
variety  of  circumstances,  k'or  instance,  in  the 
fatigue  test.  No.  4 being  -821  before  running 
and  1*304  after  running,  would  hardly  be  a fit 
subject  for  a signaller.  A fitter  one  would  be 
No.  8,  being  -659  before  running  and  *612 
afterwards,  combining  a low  degree  of  per- 
sistency with  a not  very  great  divergence 
under  the  two  circumstances.  I think  that 
these  figures  I have  quoted  point  to  the  use 
of  the  instrument  in  testing  the  duration  of 
the  persistence  of  vision,  but  I consider  these 
tests  as  only  the  commencement  of  the  research 
I have  undertaken,  and  I hope  to  be  able  to 
secure  a further  number  of  tests,  amongst 
others,  before  and  after  retinal  fatigue,  and 
under  different  climatic  conditions,  <S:c.,  which 
may  be  useful  and  of  interest. 

Persistence  of  vision  seems  also  to  have  an 
important  bearing  on  art.  When  artists 
represent  objects  in  rapid  motion,  they  have 
to  depict  effects  of  persistence  of  vision,  and 
considering  the  possible  varying  effects  in 
different  eyes  some  latitude  should  be  given 
to  artists  before  condemning  their  work  as 
unnatural.  Persistence  of  vision  plays  a 
part  in  a galloping  horse,  the  flapping  of  a 
bird’s  wing,  and  the  breaking  of  waves  upon 
a rocky  beach.  If  our  future  artists  yield 
to  the  temptation  of  studying  instantaneous 
photographs  in  representing  objects  in  motion 
their  art  must  suffer  unless  they  do  so  side 
by  side  with  the  study  of  persistence  of  vision 
with  which  all  objects  in  motion  are  clothed. 
By  means  of  the  aerial  graphoscope,  I pro- 
duce in  space  an  instantaneous  photograph  of 
a flight  of  seagulls.  It  would  be  absolutely 
untrue  to  paint  such  positions  of  the  wings 
for  there  is  no  persistence  of  vision  in  the 
photographs,  or  take  the  case  of  this  photo- 
graph of  a wave  breaking  on  the  shore.  This 
mass  of  water  docs  not  represent  the  myriad 
effects  seen  when  its  spray  was  tossing  to  and 
fro.  (Illustrations  shown.) 


2o8 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{^January  21,  1898. 


To  illustrate  the  value  of  the  aerial  graphos- 
cope  as  an  adjunct  to  the  optical  lantern,  I 
will  throw  some  specially  prepared  slides 
upon  the  aerial  disc.  Architectural  subjects 
may  be  rendered  specially  effective  when  freed 
from  the  necessity  of  their  being  projected  on 
a material  screen.  If  the  outlines  of  the 
buildings  are  blacked  out  on  the  slides  the 
subjects  stand  out  boldly  in  relief  with  pleasing 
effect.  There  is  also  scope  for  adding  effects 
in  the  blacked  out  portion  such  as  moon  or 
clouds.  Some  natural  phenomena  subjects 
are  rendered  specially  attractive  when  thus 
treated,  such  as  mock  suns  and  auroras. 
Astronomical  subjects  become  very  realistic 
when  shown  in  this  way.  Before  you  is  a 
very  fine  photograph  of  the  moon  as  seen 
through  a large  telescope.  (Experiments 
shown.) 

I have  recently  been  able  to  photograph 
the  image  produced  on  the  incidental  disc  by 
its  own  light,  in  this  case  the  camera  plate 
having  been  made  to  unite  and  retain  the 
different  parts  of  the  image  in  place  of  the 
retina.  Thus  we  have  obtained  photographs 
of  an  image  which  does  not  exist  as  a whole, 
and  which  have  a very  ghostlike  appearance. 
They  are,  however,  very  distinct,  and  it  will 
be  noticed  that  the  real  object  behind  the 
revolving  lath  has  come  out  interspersed  with 
the  vision.  These  photographs  had  an  ex- 
posure of  from  10  to  25  minutes.  (Photo- 
graphs shown.) 

To  pass  to  the  use  of  the  aerial  graphoscope 
for  depicting  the  supernatural  in  stage  effect, 
the  resources  of  science  are  now  being  largely 
employed  on  the  stage  to  add  to  the  interpre- 
tation of  the  drama  ; but  as  yet  the  repre- 
sentation of  the  supernatural  leaves  much  to 
be  desired,  progress  in  this  department  of 
scenic  art  not  having  kept  pace  with  the 
depiction  of  the  ‘‘real,”  which  has  reached 
such  a high  pitch  of  excellence  in  our  metro- 
politan theatres.  Our  leading  manager' has 
realised  that  the  conventional  method  of 
depicting  Banquo’s  ghost  bridges  the  step 
between  the  sublime  and  the  ridiculous,  and 
in  a recent  production  of  Macbeth  preferred 
to  omit  the  ghost  and  leave  it  to  the  imagina- 
tion of  the  spectators.  But  the  plays  of 
Shakespeare  team  with  possibilities  of  the 
weird  and  artistic  representation  of  the  super- 
natural. This,  I venture  to  think,  the  aerial 
graphoscope  can  supply.  It  is,  in  fact,  very 
shortly  to  be  applied  for  the  production  of 
Banquo’s  ghost  in  the  revival  of  Macbeth  in  a 
Manchester  theatre.  So  simple  is  the  principle 


of  the  revolving  lath  that  it  can  easily  be  applied 
to  any  scene.  The  characters  where  ghosts  aie 
to  appear  can  be  photographed  and  the’r 
photographs  projected  from  a lantern  aj:- 
parently  into  space.  I have  arranged  a few 
special  stage  effects  to  show  you.  The  first  of 
these  is  the  aerial,  spectral  dagger  seen  by 
Macbeth,  Act  I.,  Scene  II.,  just  before  he 
commits  the  murder  of  Duncan.  I am  not 
aware  whether  the  dagger  that  Macbeth 
imagines  he  sees  before  him  has  ever  actually 
been  made  visible  to  the  audience,  but  if  it  is 
advisable  to  depict  the  dagger  at  all,  which  is 
a point  for  the  critics  to  decide,  it  can  certainly 
be  revealed  by  the  revolving  lath  with  a very 
spectral  effect.  (Experiment  shown.)  Since, 
in  the  case  of  the  revolving  lath  the  reflecting 
surface  is  so  small,  the  vision  produced  will 
stand  the  full  glare  of  stage  light.  One  of  the 
last  actions  of  the  late  Sir  Augustus  Harris  a 
few  days  before  his  fatal  illness  was  to  experi- 
ment with  me  as  to  the  amount  of  light  such 
a vision  will  stand.  Not  satisfied  with  a 
lighted  candle  which  he  placed  behind  the 
revolving  lath,  he  opened  the  shutter  of  his 
drawing-room  window  and  admitted  a beam  of 
sunlight  across  the  field  of  vision.  But  the 
ghost  of  science,  unlike  the  ghosts  of  romance, 
braved  out  the  sunbeam  and  was  plainly  visible 
in  its  midst. 

Another  example  is  the  vision  of  Marguerite 
seen  by  Faust  on  the  Walpurgis  night.  Faust 
has  been  taken  by  Mephistopheles  to  the 
summit  of  the  Brocken  to  witness  the  revels  of 
the  watches’  Sabbath,  and  amidst  the  hosts  of 
witchery  sees  the  vision  of  Marguerite,  and 
exclaims,  “ See  you,  far  off  and  shadowlike,  a 
fair,  pale  form?”  On  the  stage  the  real 
Marguerite  is  usually  seen  in  a glare  of 
limelight,  hardly  fulfilling  Goethe’s  w’ords, 
‘‘  shadow'like.”  Here,  on  the  other  hand, 
there  is  a filmy,  transparent  spectre.  (Experi- 
ment showm.)  In  showing  you  this  effect  I 
have  arranged  the  apparatus  much  as  it  would 
be  on  the  stage,  the  lath  and  apparatus  being 
hidden  from  view  by  this  piece  of  stage  pro- 
perty. When  the  lath  revolves,  a surface  wall 
overlap  that  is  sufficient  for  the  projection  of 
the  image.  There  are  other  ways  of  working 
the  invention  on  the  stage  ; for  instance,  the 
shaft  that  revolves  the  lath  can  be  suspended 
by  invisible  wires  and  the  lath  kept  ahvays 
revolving,  so  as  to  be  invisible.  A pretty 
effect  is  the  Phantom  Ship,  which  wmuld  add 
to  the  resources  in  the  last  scene  of  Wagner’s 
“Flying  Dutchman.”  (Experiment  showm.) 
Such  effects  would  be  an  addition  to  extrava- 
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g-anza  and  pantomime.  It  may  perhaps  seem 
frivolous  to  mention  these  lighter  forms  of 
entertainment  within  the  precincts  of  a learned 
society,  but  we  have  all  been  children  once, 
and  many  of  us,  amidst  youthful  faces,  live 
childhood’s  days  once  more.  This  is  my 
excuse  for  summoning  up  from  space  so  grim 
a vision  as  the  ghosts  of  Blue  Beard’s  wives. 

These  are  but  a few  of  the  experiments  and 
effects  that  can  be  produced  by  the  aerial 
graphoscope,  in  which  the  principal  agent  is  a 
simple  lath  of  wood.  The  rest  has  been  done 
by  the  eye,  that  instrument  you  all  possess. 
Beautiful  in  its  outward  form,  subtle  in  its 
movements,  brilliant  in  its  colouring,  bewilder- 
ing in  its  countless  expressions,  and  exquisite 
in  its  interior  design  and  workmanship. 


DISCUSSION. 

The  Chairman,  in  inviting  discussion,  said  he 
was  reminded  while  listening  to  this  very  instructive 
paper  of  the  well-known  jdirase  of  Helmholtz,  that 
the  eye  was  a very  imperfect  optical  instrument. 

Lieut. -Col.  Stewart  Harrison  said  he  had 
devoted  some  25  years  to  the  question  of  visual 
signalling,  and  he  had  no  hesitation  in  saying  that 
this  paper  marked  a distinct  epoch  in  the  subject.  It 
gave  the  information  they  had  all  been  waiting  for, 
and  for  want  of  which  thousands  of  lives  and  millions 
of  property  had  been  lost.  The  mercantile  marine 
was  absolutely  without  any  means  of  communication 
at  night,  and  with  only  the  most  contemptible 
means  of  communicating  by  day.  Flags,  which 
did  very  well  for  their  grandfathers,  had  become 
entirely  obsolete,  because,  with  vessels  going  18,  20, 
and  25  miles  an  hour,  they  dragged  the  flags  after 
them,  so  it  was  impossible  to  see  them,  except  in 
the  two  positions,  on  the  beam,  or  when  the  flag  was 
blown  out  the  other  way.  At  night,  nothing  but  a 
few  coloured  rockets  were  in  use  amongst  the  largest 
steam  vessels  in  the  world,  and  the  result  was  that 
no  captain  could  communicate  to  another  at  night 
Avhat  he  intended  to  do.  He  might  see  a vessel 
coming  full  speed  on  to  him,  but  he  was  utterly 
powerless  to  say  that  his  rudder  was  broken  down, 
and  that  he  must  stay  where  he  was ; he  could  give 
no  warning  of  any  kind.  Collisions  had  occurred  both 
at  night  and  in  broad  daylight  from  this  simple  cause, 
leading  to  catastrophes  which  were  positively  sicken- 
ing.  When  Admiral  Colomb  began  his  system,  signal- 
ling in  the  British  navy  was  in  a state  of  chaos,  but 
electric  communication  by  cable  had  been  invented  and 
the  dot  and  dash  system  had  been  devised.  That  was 
seized  upon  and  adopted  for  visual  signalling,  with 
the  result  that  in  the  army — he  knew  nothing  about 


the  navy — of  20  selected  men  sent  out  for  three 
months  training,  17  failed  and  only  three  passed;  he 
held  in  his  hand  the  printed  evidence.  In  a lecture 
which  he  delivered  at  the  United  .Sen ice  Institution 
two  or  three  years  ago  he  stated  these  facts  which  had 
never  been  contradicted.  'J'he  signalman’s  minute 
was  divided  into  700  distinct  periofis ; he  had  to 
divide  it  up  about  12^  times  a second.  He  had  to 
take  202  imj)ressions  of  light  and  darkness,  and  with 
such  a power  of  retention  in  the  retina  as  had  Ijccn 
described  it  was  no  wonder  that  these  men  failed  com- 
])letely.  Seven  hundred  and  sixty-four  judgments  had 
to  be  made  by  each  signalman,  sent  in  16  words  of 
4 letters  each,  by  the  Morse  code  ; 138  states  of 
suspense  as  to  the  meaning  of  the  signs  as  letters, 
48  states  of  suspense  as  to  the  meaning  of  letters 
as  words  ; 202  light  presentations  in  one  minute,  and 
202  dark  intervals.  Mr.  Bruce  had  explained  why 
17  men  out  of  20,  after  three  months’  assiduous  prac- 
tice, were  rejected  ; simply  because  the  retaining 
power  of  the  retina  was  too  great  for  the  tax  ujx>n  it. 
The  British  admiral  who  led  the  world  in  this  matter 
ought  to  be  called  upon  for  some  explanation.  They 
ought  to  have  known  these  facts  for  years ; but  they 
had  been  going  on  with  this  system  at  an  enormous 
expense  when  other  systems  had  been  offered  them 
He  would  undertake  to  produce  a system  which  any 
ordinary  man  could  learn  in  three  days,  and  which 
violated  none  of  the  conditions  which  had  been  so 
w'ell  explained  that  evening. 

Col.  Keyser,  C.B.,  said,  as  late  inspector  of  signal- 
ling in  the  army,  and  having  been  at  the  head  of  the 
signalling  department  in  the  Afghan  and  Egyptian 
campaigns,  he  ought  to  know  something  about  army 
signalling.  Of  course  they  had  some  failures,  when 
they  had  a large  number  of  soldiers  who  came  forward 
promiscuously  who  had  never  heard  of  a dot  or  dash, 
but  if  anyone  would  w’atch  a body  of  regimental 
soldiers  signalling  they  would  wonder  at  the  results 
achieved.  They  could  read  by  the  lamp  at  night 
tw'enty  W'ords  a minute,  and  the  same  with  flags  by 
day,  only  that  the  labour  of  moving  them  was 
too  great  to  keep  up  the  rate  in  ordinary  usage, 
though  it  had  been  done  by  way  of  experiment. 
It  had  always  been  the  subject  of  envy,  hatred, 
and  malice  amongst  oflicial  signallers  that  they 
could  never  equal  the  performances  of  their  tele- 
graphic comrades  in  the  Ro\'al  Engineers,  but  he 
always  told  them  that  visual  signalling  could  not 
compete  with  hearing,  and  after  this  very  instructive 
paper  they  could  all  understand  the  reason  ; if  the 
impressions  came  too  rapidly  they  ran  into  each  other, 
and  became  indistinct.  For  all  practical  purposes, 
however,  the  rate  at  which  army  signalling  was  done 
(12  w'ords  a minute),  was  fast  enough.  And  within 
certain  limits  the  faster  a message  was  sent,  the  more 
easily  could  a good  signaller  read  it.  Slow  signalling 
was  very  diflicult  to  read,  as  the  intervals  were  not  so 
clear.  In  the  war  on  the  frontier  the  wires  were  cut 
eveiy  day,  and  they  were  absolutely  at  the  mercy  of 
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the  heliograph,  and  they  must  all  do  the  signallers 
the  justice  to  say  that  the  work  was  done  very  well 
indeed.  He  had  known  of  Mr.  Bruce’s  attempts  to 
improve  the  system  for  some  years,  and  had  had 
some  argument  with  him  about  his  signalling  balloon. 
He  admitted  it  was  a very  clever  thing,  but,  as  he 
told  him,  it  was  too  slow.  The  only  way  in  which  it 
seemed  to  him  this  very  instructive  paper  would  bear 
on  signalling  was  that  it  might  afford  a means  of 
testing  men  for  persistence  of  vision,  and  so  save 
the  instructors  a great  deal  of  time  and  trouble  by 
Aveeding  out  men  who  would  necessarily  fail  in  the 
final  examination,  not  for  want  of  diligence  of 
attention,  but  simply  because  they  were  physically 
incapable  of  ever  making  good  signallers. 

Col.  Allan  Cunningham  said  they  had,  it  ap- 
peared to  him,  been  seeing  visions  of  the  unseen.  It 
had  been  beautifully  explained  that  by  the  imperfection 
of  the  human  eye,  by  the  necessity  which  the  retina 
laboured  under  of  preserving,  for  perhaps  a couple  of 
seconds,  the  picture  which  had  been  impressed  upon 
it  after  the  object  had  been  withdrawn,  the  person 
saw — it  might  perhaps  be  said  with  the  mind’s  eye — 
what  was  no  longer  before  it.  The  experiments  were 
very  beautiful  and  interesting.  He  supposed  the 
pictures  were  really  on  the  plane  of  the  revolving 
lath,  but  the  architectural  views  had  a wonderful 
appearance  of  solidity,  and  he  should  be  glad 
if  Mr.  Bruce  could  give  any  further  explanation 
of  how  that  effect  was  produced.  He  tried  looking 
at  them  with  one  eye,  and  with  both,  but  it  did 
seem  to  make  any  difference.  As  an  old  officer 
once  connected  Avith  army  signalling,  he  thought 
the  discussion  bearing  on  the  practical  application  of 
the  facts  adduced  Avas  of  the  highest  interest,  and 
especially  the  possibility  of  selecting  men  whose 
persistence  of  vision  was  very  short,  seemed  full  of 
promise.  He  thought  probably  there  Avas  something 
analogous  to  this  persistence  in  the  case  of  other 
sensations,  such  as  hearing  and  feeling  ; and  perhaps, 
on  some  future  occasion,  experiments  would  be 
adduced  shoAAung  that  Ave  continued  to  hear  things 
Avhich  had  ceased  to  sound,  and  to  feel  things  Avhich 
had  ceased  to  touch  us. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
Mr.  Bruce,  said  he  did  not  propose  to  criticise  the 
paper  at  all,  as  it  might  be  looked  at  from  so  many 
standpoints  that  it  Avould  take  a long  time  to  discuss 
it  at  all  satisfactorily.  With  regard  to  the  question 
of  signalling,  hoAvever,  it  Avas  only  right  to  remember, 
that  the  functions  of  seeing,  hearing,  &c.,  Avere  per- 
formed by  the  brain  from  time  to  time  Avith  different 
degrees  of  efficiency,  and  he  Avas  not  quite  sure  that 
any  physical  test  of  vision  would  ever  be  persistently 
accurate,  even  in  the  same  individual.  Of  course  this 
did  not  affect  the  accuracy  of  the  instrument.  There 
Avas  a story  of  an  Irishman  Avho  said  he  could  ahvays 
see  better  when  he  had  had  something  to  drink.  It 
might  be  laughed  at,  but  he  had  experienced  the 


truth  of  it  Avhen  mountaineering,  for  he  found  he 
could  see  veiy  much  better,  and  persistence  of  vision 
could  be  retained  better  — Avhether  that  Avere  an 
advantage  or  not — Avhen  he  had  had  a drink  than 
when  he  was  exceedingly  thirsty.  He  might  add 
that  it  AA^as  not  necessary  that  the  liquid  should  be  of 
an  alcoholic  nature. 

The  vote  of  thanks  having  been  carried  unanimous])’, 

Mr.  Bruce,  in  reply,  said  his  system  of  balloon 
signalling  had  been  very  much  improved  since  Colonel 
Keyser  saAV  it.  The  improvement  in  the  filaments 
of  incandescent  lamps  had  considerably  progressed 
since  then,  a|iid  he  could  noAV  get  very  fine  filaments, 
Avhich  Avould  go  out  almost  instantaneously.  He 
believed  Avhen  Colonel  Keyser  saAv  his  signalling  bal- 
loon he  Avould  agree  that  it  approached  much  nearer 
the  rapidity  he  desired.  At  any  rate,  even  if  some- 
Avhat  sloAv,  the  signals  A\-ere  not  difficult  to  read,  and, 
at  a test  in  Belgium,  not  a single  message  Avas  missed. 
Perhaps  that  Avas  because  there  Avas  a very  large  body 
of  light,  the  balloon  being  lit  uj)  from  inside  by 
incandescent  lamps,  and  a large  body  like  that  Avas 
probably  more  easily  distinguished  as  being  in  or 
out  than  a mere  point  of  light,  but  on  that  question 
there  AA’ould  be  a deal  of  discussion.  What  he  had 
intended  by  the  paper  Avas  not  to  throAv  any  asper- 
sion on  the  past,  but  if  they  could  make  things 
more  perfect  and  assist  officers  to  a better  selection 
of  subjects  for  training,  it  Avould  be  an  advantage. 
With  regard  to  the  apparent  solidity  of  some  of 
the  vieAvs,  he  thought  it  Avas  partly  owing  to  the 
careful  blocking  out  of  the  outlines.  AlloAving  the 
light  to  fall  upon  it  also  added  to  the  effect,  as  it 
made  the  outline  stand  out  more  in  space. 


Correspondence. 

♦ 

THE  PURIFICATION  OF  SEWAGE  BY 
BACTERIA. 

I am  sorry  that  my  friend.  Dr.  Dupre,  should  have 
taken  the  second  paragraph  on  page  84  [Journal, 
December  17,  1897)  of  my  paper  aAA’ay  from  its  con- 
text, as  his  argument  has  apparently  induced  Mr. 
Roechling  and  Mr.  Kingzett  to  accentuate  Avhat  Avas 
really  far  from  the  idea  Avhich  I Avished  to  convey.  The 
next  sentence,  “these  introductoiy  remarks  on  the 
theory  of  the  bacteriological  processes  inAolved,” 
gives  the  key  to  my  meaning  in  saying  that  until 
recently  seAvage  purification  Avas  believed  to  be  simply 
a process  of  oxidation.  Dr.  Dupre’s  obsen^ations  in 
1885  and  1887  that  oxygen  alone,  in  a sterilised 
seAvage,  was  inactive  AA’ithout  the  agency  of  liAing 
organisms,  in  part  suggested  the  paragraph  of  my 
paper  to  which  he  objects,*  as  the  principle,  though 
proposed  so  early,  has  only  lately  been  generally 

* Jou7'?tal,  December  24,  1897. 
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recognised,  and  is  still  only  hesitatingly  accepted  in 
certain  quarters.  When  this  oxidation  is  efiected  in 
the  presence  of  air,  bacteria  are  the  necessary  agents 
while  free  oxygen  is  the  chief  factor  required.  Nearly 
all  the  useful  work  Avhich  has  been  done  on  sewage 
purification  has  been  in  this  direction  only,  and  very 
little  attention  has  been  j^aid  to  the  anaerobic  changes 
which  also  take  place  before  and  after  oxidation  by 
means  of  air  or  (in  a less  degree)  oxidising  chemicals. 
The  paper  was  chiefly  directed  to  showing  that 
important  changes  do  take  place  other  than  the  well- 
known  oxidation  or  nitrification  effects,  which  arc 
also  due  to  bacteria,  and  that  these  changes  are  the 
essential  preliminaries  to  the  later  destruction.  Thus, 
for  example,  I consider  the  formation  of  carbonic  acid 
and  ammonia  from  urea  quite  as  important  as  the 
conversion  of  ammonia  into  nitric  acid.  The  former 
is  not  “ simply  a process  of  oxidation,”  while  the 
latter  is.  Similarly,  the  fonnation  of  marsh  gas 
anaerobically  tends,  undoubtedly,  to  purify  a polluted 
water  ; here,  again,  no  oxidation  occurs. 

Mr.  Kingzett’s  quotations  also  corroborate  what  I 
have  contended  in  my  paper,  inasmuch  as  he  says 
that  the  changes  that  may  be  assumed  to  hajq:)en  in 
organic  matters  when  exposed  to  air  are,  first,  a 
breaking  down,  and  then  further  changes  induced  by 
the  presence  of  air.  I should  have  preferred  to  say, 
“When  exposed  to  organisms  the  organic  matter  is 
first  broken  down.” 

In  other  words,  the  first  changes  are  effected  by 
the  organisms  without  the  oxygen  of  the  air  playing 
any  direct  part  in  the  changes ; whilst  the  final 
destruction  is  brought  about  by  the  air  directly  acting 
upon  the  simpler  organic  matters  produced  by  the 
first  change,  through  the  agency  of  aerobic  organisms. 

A third  change,  I believe,  is  also  of  great  import- 
ance, which  follows,  under  suitable  conditions,  the 
oxidation  change  : this  is,  the  reduction  of  the 
nitrates  by  any  residual  or  organic  matter  which  has 
escaped  the  first  two  processes  ; this,  like  the  other, 
is  also  determined  by  special  organisms. 

In  all  these  changes,  bacteria,  to  use  the  expression 
of  Dr.  Dupre,  are  the  “ essential  agents,”  but  the 
“chief  factor”  required  is  oxygen  only  when  the 
change  is  that  of  nitrification  .or  direct  oxidation  of 
the  organic  matter.  Dr.  Dupre’s  essential  agents, 
the  two  clas.ses  of  bacteria,  are  the  personnel  of  the 
purification  process,  though  they  are  not  capable  of 
doing  final  work  without  a proper  su])ply  of  materiel 
in  the  shape  of  available  oxygen.  Both  are  neces- 
sary : the  hydrolytic,  or  first  part  of  the  process,  I 
have  tried  to  emphasise. 

Samuel  Rideal. 

28,  Victoria  St.,  Westminster, 

Jan.  15,  1898. 


Obituary. 


Sir  Polydore  De  Keyser.— Sir  Polydore  De 
Keyser  died  on  Friday,  the  14th  inst.,  at  Cornwall- 


mansions,  .South  Kensington,  after  a long  and  painful 
illness  from  cancer.  lie  was  bom  in  Belgium,  in 
1832,  and  was  for  a long  time  associated  with  hi^ 
father,  who  was  an  hotel  projirietor  at  Blackfriars. 
The  business  eventually  attained  large  pro|Kjrtions, 
and  the  Royal  Hotel  at  Blackfriars  has  for  long 
enjoyed  a considerable  reputation  amongst  Fngli-h 
and  foreign  visitors.  Mr.  De  Keyser  became  an 
Alderman  in  1882,  in  spite  of  opposition  on  the 
grounds  of  his  being  an  alien  and  an  innkeeper.  He 
served  as  .Sheriff  in  1883,  and  became  Lord  Mayor  in 
1887,  being  the  first  Roman  Catholic  who  has  held 
that  office  since  the  Reformation.  During  his  year  of 
office  as  Lord  Mayor,  he  was  invited  to  accept  the 
presidency  of  the  committee  which  was  then  being 
formed  to  organise  the  British  Section  at  the  Paris 
Exhibition  of  1889,  the  British  Government  having, 
as  is  well  known,  declined  to  take  any  formal  part  in 
it.  Mr.  De  Keyser  accepted  the  office,  and  took  a 
keen  interest  in  the  work,  which  occupied  much  cf 
his  attention  until  after  the  holding  of  the  exhibition. 
He  paid  several  visits  to  I’aris,  where  his  geniality 
and  his  never-failing  kindness  of  heart  rendered  him 
very  popular  amongst  all  who  were  associated  with 
the  British  Section,  as  well  as  with  the  French 
executive  of  the  exhibition.  The  success  of  tl:e 
section  was  largely  due  to  his  energy,  and  to  the 
generosity  with  which  he  supplied,  out  of  his  own 
private  purse,  the  many  calls  which  would  naturally 
have  been  provided  for  out  of  official  funds,  had  any 
such  funds  existed.  After  the  close  of  the  exhibition, 
his  colleagues  on  the  committee  presented  him  with  a 
handsome  service  of  jilate,  while  the  French  Gover.  - 
ment  recognised  the  value  of  his  assistance  by  making 
him  a Commander  of  the  Legion  of  Honour.  He  hed 
had  some  previous  experience  in  e.xhibition  work,  for 
he  took  a leading  jiart  in  the  successful  exhibition  of 
Life-saving  Appliances,  which  was  held  at  Brussels  in 
the  year  1876,  and  it  was  mainly  owing  to  his  eft'orts 
that  this  country  was  suitably  repre.sented  at  that 
exhibition.  He  was  knighted  after  his  mayoralty  in 
recognition  of  his  public  serGces.  In  1892  he  retired, 
principally  on  account  of  increasing  deafness,  from 
the  Corporation.  Sir  Polydore  was  an  accomplished 
linguist,  speaking  with  equal  case  French,  English, 
and  German,  and  several  other  languages,  at  all 
events,  with  facility.  He  became  a member  of  the 
.Society  of  Arts  in  1876,  and  served  as  a vice-president 
from  1888  to  1889. 


General  Notes. 

♦ 

Photographic  Exhibition. — The  Royal  Photo- 
graphic Society  is  organising  an  International  Exhi- 
bition of  Photographic  Apparatus  and  Photographs, 
which  will  open  at  the  Crystal  Palace  on  April  27th. 
In  addition  to  the  usual  displays  of  pictures,  <l'c.,  the 
leading  firnis,  manufiteturers  and  dealers,  will  be 
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largely  represented.  There  will  also  be  extensive 
loan  collections,  illustrating  not  only  the  history  of 
photography,  but  its  enormous  scientific  and  commer- 
cial applications,  photo-mechanical  processes,  photo- 
graphs in  colours,  photographs  by  means  of  the 
X-rays,  and  kindred  exhibits.  The  arrangements  for 
the  exhibition  are  in  the  hands  of  a joint  committee 
of  members  of  the  society  and  exhibitors. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  Evenings,  at  8 o’clock: — ■ 
January  26. — “Fireproof  Construction  of 
Domestic  Buildings.”  By  Thomas  Potter.  Sir 
Douglas  Straight  will  preside. 

February  2. — “ The  Cinematograph.”  By  Jules 
Fuerst.  Captain  W.  de  W.  Abney,  C.B., 
F.R.S.,  will  preside. 

February  9, — “Compensation  to  Workmen.”  By 
A.  D.  Provand,  M.P. 

February  16. — “The  Protection  of  Industrial 
Property.”  By  J.  F.  ISELIN,  M.  A.,  LL.M. 

February  23. — “ Children’s  Sight.”  By  R. 
Bruuenell  Carter,  F.R.C.S. 

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — ■ 
February  17, — “The  Plague  in  Bombay.”  By 
Herbert  Mills  Birdwood,  C.S.I.,  M.A.,  LL.D. 
(late  Governor’s  Council,  Bombay).  The  Right  Hon. 
Earl  Spencer,  K.G.,  will  preside. 

Foreign  and  Colonial  Section. 
Tuesday  Afternoons,  at  4.30  o’clock  : — 
February  15. — “ The  Goldfields  of  Klondyke  and 
British  Columbia.”  By  W.  Hamilton  Merritt. 
Sir  Charles  Malcolm  Kennedy,  K.C.M.G., 
C.B.,  will  preside. 


Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock  : — ■ 
January  25. — “ Renaissance  Woodwork  in  Eng- 
land.” By  J.  Hungerford  Pollen.  William 
Luson  Thomas,  R.I.,  will  preside. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Cyril  Davenport,  ‘‘  Decorative  Book- 
binding,” Three  Lectures. 

Lecture  I, — January  24. — The  beginnings  of 
bookbinding — Assyrian  clay  tablets  in  their  cases — 
Egyptian  papyrus  rolls  — Vellum  rolls  — Roman 
diptychs — Mediaeval  bindings  in  carved  ivory,  and 
metal  covers  with  gems  and  enamels — Decorative 
bindings  in  Europe  and  the  East  up  to  and  including 
the  15th  century. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Jan.  24  ...  SOCIETY  OF  ARTS,  John-strect, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Cyril  Davenport,  “Decorative  Bookbinding.’’ 
Lecture  I.) 

Scottish  Society  of  Arts,  117,  George-street,  Edin- 
burgh, 8 p m.  Mr.  D.  Bruce  Peebles,  “Acetylene 
Gas  and  a simple  Generator  for  its  Production.” 
Imperial  Institute,  South  Kensington,  8J  p.m.  Mr. 

C.  A.  Duff-Miller,  “ New  Brunswick.” 

Surveyors,  Savoy-street,  "W.C.,  8 p.m.  Mr.  A.  A. 

Hudson,  “ Surveyors  as  Arbitrators.” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Presidential  Address  and  Presentation  of  Prizes  to 
Students. 

Camera  Club,  Charing-cross-road,  AV.C.,  8J  p.m. 

Major  P.  A.  IMacmahon,  “ IMirage.” 

Medical,  ii,  Chandos-street,  AV.,  8i  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Mr.  E.  AV'hymper,  “ jMy  Scramblesamong  the  Alps.” 
Tuesday,  Jan.  25  ...  SOCIETY  OF  ART.S,  John-strect, 
Adelphi,  W.C.,  4I  p.m.  (Applied  Art  Section.) 
Mr.  J.  Hungerford  Pollen,  “Renaissance  Wood- 
work in  England.” 

Royal  Institution,  Albemarle  - street,  AV'.,  3 p.m. 
Professor  E.  Ray  Lankester,  “ The  Simplest  Living 
Things.”  (Lecture  II.) 

Civil  Engineers,  25,  Great  George-street,  S.AV., 
8 p.m.  ]\Ir.  A\h  L.  Strange,  “ Reservoirs  witli 
High  Earthen  Dams  in  A\'’estern  India.” 
Photographic,  12,  Hanover-squarc,  AVA,  8 p.m.  Mr. 
R.  B.  Lodge,  “ The  Photography  of  Bird  Life  in 
Spanish  and  Dutch  Alarslies.” 

Anthropological,  3,  Hanovcr-squarc,  AV.,  8J  p.m. 
Annual  Aleeting. 

Colonial  Inst.,  Northumberland  - avenue.  AV’  C., 
4J  p.m.  Mr.  L.  C.  Probyn,  “A  Gold  Standard 
for  the  Empire.” 

Wednesday,  Jan.  26. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Thomas  Potter,  “ Fire- 
proof Construction  of  Domestic  Buildings.” 
Geological,  Burlington-house,  W.,  8 p.m.  i.  Air.  H, 
AV.  Alonckton,  “ Some  Gravels  of  the  Bagshot 
District.”  2.  Air.  George  Barrow,  “ The  Occur- 
rence of  Chloritoid  in  Kincardineshire.” 

Japan  Society,  20,  Hanover-square,  W.,  8J  p.m. 
Conversazione. 

British  Astronomical,  University  College, AV.C  ,5p  m. 
Thursday,  Jan.  27. ..Royal,  Burlington-house,  W.,  4I  p.m. 
Antiquaries,  Burlington-house,  W.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  6 p.m. 
Air.  Frederick  A.  Cox,  “English  Secular  A’oeal 
Part  Music.” 

Society  for  the  Encouragement  of  Arts,  9,  Conduit- 
street,  W.,  8 p.m.  Air.  Alfred  Gilbert,  “Pre- 
Raphaelitism  in  Alusical  Art.” 

Royal  Institution,  Albemarle-street,  AA^.,  3 p.m. 
Prof.  Dewar,  “The  Halogen  Group  of  Elements.” 
(Lecture  II.) 

Electrical  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  Alajor-General  Webber,  “Notes  on  the 
Electro-Chemical  Treatment  of  Ores  containing 
the  Precious  Aletals.” 

Camera  Club,  Charing-cross-road,  AV.C.,  8J  p.m. 
Air,  W.  Savile  Kent,  “Bird  and  Lizard  Life  in 
Australia.” 

Friday,  Jan.  28... Royal  Institution,  Albemarle-street,  8 p.m. 

Weekly  Meeting.  9 p.m.  Prof.  C.  Lloyd  Alorgan, 
“ Instinct  and  Intelligence  in  Animals.” 

Clinical,  20,  Hanover-square,  W.,  8J  p.m. 
Saturday,  Jan.  29. ..Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  Patrick  Geddes,  “Cj'P'^^s.” 
(Lecture  II.) 
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All  commit 7iicai ions  for  Ihe  Society  should  be  addirssed  to 
the  Secretary,  John-street,  Adelphi,  London,  IV. C. 


Notices. 


CAiVTOR  LECTURES. 

On  Monday  evening,  24th  inst.,  Mr.  Cyrit. 
Davenport  delivered  the  first  lecture  of  his 
course  on  “ Decorative  Bookbinding,”  which 
w'as  illustrated  by  a series  of  lantern  slides  of 
ancient  book  coverings,  specially  coloured  by 
Mr.  Davenport. 

The  lectures  will  be  published  in  the  Journal 
during  the  summer  recess. 


EXHIBITION  OF  BOOKBINDINGS. 

The  Exhibition  of  Foreign  and  English 
Ornamental  Bindings  was  opened  on  Monday, 
24th,  and  will  remain  open  daily  until  Monday 
evening,  February  7th.  Hours  ; 10  to  5 p.m., 
and  on  the  evenings  of  Mondays  and  Wednes- 
days from  6 to  9. 

Members  can  admit  their  friends  by  the  use 
of  the  usual  meeting  tickets  supplied  to  mem- 
bers. There  will  be  no  restriction  as  to  the 
number  of  tickets. 

Non-members  of  the  Society  can  obtain 
cards  of  admission  on  application  to  the 
Secretary,  Society  of  Arts,  John  - street, 
Adelphi,  W.C. 


Proceedings  of  the  Society. 

♦ 

SEVENTH  ORDIXfARY  MEETING. 

Wednesday,  January  26,  1898  ; Sir  li)0UGLAS 
Straight,  Member  of  Council,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — ■ 

Denny,  George  A.,  African  City  Properties  Trust- 
buildings,  IMarket-street  (Room  26),  Johannesburg, 
South  Africa. 

Parkin,  William,  The  Mount,  Sheffield. 


Robus,  Henry  J:,  Brent-bridge-house,  Hendon,  N.W. 

and  20,  Bucklersbury,  E.C. 

Schunke-Hollway,  Henry'  Charles,  Plaisir  de  Merle, 
P.O.  Paarl,  Cape  Colony. 

Scott,  Ernest  Kilburn,  Crartmoor-gardens,  Wimble- 
don-park,  S.W'. 

Wackrill,  Alfred  E.,  Sur^'eyor-Genera^s  Office, 
Colombo,  Ceylon. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Bailey,  Hubert  Thomas,  4,  St.  Dunstan’s-alley,  E.C. 
Bergne,  Sir  John  Henry  Gibbs,  K.C.M.G.,  Foreign- 
office,  S.W. 

Bond,  Walter  George  Alick,  Holmby,  Fortune-green- 
road,  West  Hampstead,  N.W. 

Clarke,  Charles  Bridger  Orme,  4,  .St.  Dunstan’s- 
alley,  E.C. 

Pitcher,  Colonel  D.  G.,  Residency  Post-office, 
Gwalior,  Central  India. 

Whinfield,  John  Henry  Richard,  8,  Great  George- 
street,  S.W.,  and  Bramblet}e,  Cavendish-road, 
vSutton,  Surrey. 

Wolfe,  Miss  Emma  Sarah,  High  Broom,  Crow- 
borough,  Sussex. 

The  paper  read  was — 

FIREPROOF  CONSTRUCTION  OF 
DOMESTIC  BUILDINGS. 

By  Thomas  Potter. 

By  domestic  buildings  I mean  buildings  used 
wholly  or  mainly  for  habitation.  Public  build- 
ings, where  many  people  congregate,  ware- 
houses, and  structures  containing  large 
quantities  of  inflammable  goods,  and  other 
places  of  a similar  character,  require  greater 
precautions  than  are  necessary’’  to  render 
domestic  buildings  practically  fireproof,  and 
these  time  will  not  permit  me  to  deal  with. 

The  constantly  recurring  and  gradually- 
increasing  loss  of  life  and  of  much  valuable 
property  by  fire  is  not  realised  as  it  should 
be  ; nor,  I submit,  are  sufficient  precautions 
taken  to  diminish  in  the  future  the  risk  that  is 
now  to  a great  extent  easily  attainable  in  the 
erection  of  habitable  buildings. 

The  chief  officer  of  the  Metropolitan  Fire 
Brigade  stated,  in  his  annual  report  for  1896, 
that  during  that  year  there  had  been  in  his 
district  3,616  fires,  more  or  less  of  a serious 
character,  to  which  the  brigade  had  been 
called;  that  106  lives  had  been  lost,  besides 
serious  injuries  to  no  firemen,  of  whom  two 
died,  and  that,  in  addition,  the  number  of 
persons  injured  little  or  much  through  fires 
could  not  be  ascertained. 
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This  is  a startling  report,  and  rendered  all 
the  more  serious  when  we  gather  therefrom 
that  our  lives,  apparently,  hang  as  it  were  on 
the  result  of  an  occasional  spark,  or  a lighted 
match  carelessly  used  or  thrown  away,  for  198 
fires  resulted  from  the  former  and  363  from  the 
latter. 

The  loss  of  life  in  travelling  and  in  following 
dangerous  avocations  has  been  lessened  in  a 
remarkable  degree  during  the  last  century. 
Our  forefathers  were,  we  are  told,  in  the  habit 
of  making  their  wills  previous  to  undertaking 
a journey,  by  reason  of  the  danger  incurred, 
their  homes  being  considered  the  safest  places. 
At  the  present  time  this  order  of  things  is 
reversed,  for,  whereas — as  just  stated — 108 
persons  lost  their  lives  from  fire  in  the  metro- 
polis alone  in  1896,  and  in  their  own  homes, 
only  eight  passengers  met  their  death  from 
circumstances  beyond  their  own  control  through 
travelling  on  all  the  railways  in  Great  Britain 
during  the  same  period. 

The  serious  loss  of  life  from  fire  in  the 
metropolis  would  undoubtedly  have  been 
increased  but  for  the  skilful  organisation  of  the 
Fire  Brigade,  and  the  improvements  that  have 
been  made  of  late  years  in  means  for  checking 
fires  and  saving  life.  If  as  much  care  had  been 
bestowed  in  the  past,  and  was  still  practised  to 
make  our  houses  fire-resisting  as  has  been 
expended  in  extinguishing  fires,  there  would  be 
comparatively  but  few  serious  fires  at  the  pre- 
sent time  or  in  the  future,  so  far  as  domestic 
buildings  are  concerned. 

We  shall  be  told  possibly  that  many  of  the 
houses  in  which  fires  take  place  are  old,  and 
that  much  wood  was  used  in  their  construction. 
This  is  so,  but  nineteen  houses  out  of  every 
twenty  in  the  course  of  erection  at  the  present 
time  within  the  metropolitan  area  are  being 
built  in  the  same  dangerous  manner. 

The  only  domestic  buildings  which  the 
London  Building  Act  compels  to  be  to  any 
extent  fire-resisting  are  those  belonging  to 
or  occupied  by  different  families,  such  as  hotels 
and  flats,  dwellings  over  stables,  buildings  used 
partly  for  workshops  and  partly  for  habitation, 
and  others  which  are  beyond  certain  dimensions 
in  superficial  or  cubical  area.  The  great 
majority  of  buildings  are  allowed  to  be  built  to 
burn,  except  so  far  as  regards  external  walls, 
chimneys,  party  walls,  and  roof  coverings. 

The  building  owner  is  at  liberty  to  deal  with 
the  inside  of  his  house  almost  as  he  likes — i.e., 
he  may  use  wood  for  floors,  partitions,  wall 
linings,  stairs,  skirtings,  roofs,  and  other 
things  that  could  be  as  well  formed  of  incom- 


bustible materials  and  at  comparatively  little 
increased  cost ; these  form  a standing  menace 
to  the  occupiers  of,  at  least,  the  upper  stories  of 
every  dwelling  built  in  the  usual  way. 

If  a certain  amount  of  timber  were  allotted 
to  be  used  in  the  construction  of  a dwelling- 
house,  and  the  instructions  were  that  it  was  to 
be  distributed  in  a way  that,  should  the  window 
curtains,  or  carpets,  take  fire  from  a spark,  a 
lighted  match,  or  the  upsetting  of  a paraffin 
lamp,  some  portion  of  the  timber  would  be 
fairly  certain  to  catch  alight  and  the  Are  to 
spread  with  the  greatest  rapidity,  no  better 
arrangement  could  be  devised  than  the  one 
usually  adopted  in  house  building. 

As  the  first  step  in  this  direction  we  have 
wood  joists,  about  twelve  inches  apart,  reach- 
ing from  wall  to  wall  over  the  entire  area  of  the 
buildings,  and  resting  on  wood  wall  plates  ; 
woodfloor  boards  to  form  a walking  surface  cross 
these  at  right  angles  on  top,  and  wood  plaster- 
ing laths  cross  at  right  angles  beneath  to  form 
the  ceilings  of  rooms  below  ; a similar  arrange- 
ment is,  as  we  know,  adopted  for  lighting  coal 
fires  in  ordinary  grates,  the  crossing  and  re- 
crossing and  the  space  between  affording 
excellent  facilities  for  the  fire  to  play  round  the 
wood,  and  air  to  circulate  and  so  assist  com- 
bustion. This  arrangement,  which  begins  with 
the  ground  floor,  is  repeated  every  three  or  four 
yards  in  height  to  the  top  of  the  building, 
where  the  roof,  constructed  with  wood  ceiling 
joists,  wood  rafters,  and  wood  ceiling  and  slate 
laths,  is  ready  to  supply  its  quota  of  combustible 
materials  on  the  slightest  provocation. 

Wood  partitions  for  dividing  the  floor  area 
into  rooms  are  often  formed  of  timber  quarter- 
ings  placed  twelve  inches  apart,  cross  lathed 
on  both  sides  and  affording  unusual  facilities 
for  carrying  the  flames  upward  from  floor  to 
floor.  Bricks  are  sometimes  built  in  between 
the  wood  uprights,  and  these  to  a great  extent 
lessen  the  danger. 

Wood  skirtings,  dados,  match  boarding,  or 
wainscotting  are  fixed  round  rooms  to  wood 
battens  nailed  to  wood  plugs,  driven  into 
the  mortar  joints,  and  sometimes  into  the 
chimney  flues.  A space  is  usually  left  between 
the  back  of  this  woodwork  and  the  wall  to 
prevent  decay ; the  air  having  unchecked  cir- 
culation through  this  space,  a fire  is  rapidly 
communicated  from  room  to  room. 

Wood  stairs  commence  at  the  lowest  floor 
and  finish  at  the  highest,  and  it  may  be  said, 
as  a rule,  there  is  practically  no  disconnection 
of  wood  between  the  bottom  floor  of  a house  and 
the  top  floor,  and  no  severance  or  barrier  to 
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check  ascending-  flames  ; a strong  upward 
current  of  heated  air  is  provided  at  the  bottom 
by  the  well  hole  of  the  stairs,  and  when  once 
the  latter  are  well  alight  all  escape  from  the 
upper 'rooms  is  cut  off,  and  a leap  from  the 
windows  or  the  fire-escape  is  often  the  only 
means  of  avoiding  one  or  other  of  the  most 
horrible  of  deaths,  suffocation  from  smoke  or 
being  roasted  alive.  I have  not  overdrawn 
the  description  of  the  ?/ay  houses  are  being 
built  by  the  thousand  every  year,  even  within 
the  metropolitan  area.  It  was  nothing  of  an 
unusual  character  that  caused  the  loss  of  io6 
lives  in  1896;  it  was  pretty  evenly  distributed 
among  77  different  fires,  nearly  all  of  which 
appear  to  have  been  in  buildings  of  the 
domestic  class,  and  almost  without  exception 
the  fires  originated  from  the  most  trivial 
cause. 

Another  startling  statement  is  to  be  found 
in  the  annual  report  alluded  to,  viz.,  that 
for  the  last  thirty  years  the  number  of  fires 
and  the  loss  of  life  therefrom  have  gradually 
increased;  the  total  number  of  fires  in  1866 
was  1,338,  44  lives  being  lost,  as  against  3,494 
in  1896  and  106  lives  lost. 

The  expression  “fireproof”  has  a conditional 
meaning  ; no  building  can  be  said  to  be  abso- 
lutely fireproof  ; sufficient  time  and  material  for 
prolonged  combustion  are  all  that  is  necessary 
to  reduce  the  most  fire-resisting  building  to 
ruins.  It  has,  however,  become  usual  to 
designate  those  buildings  fireproof  where  the 
materials  used  in  construction  are  incom- 
bustible. Fire-resisting  would  be  more  appro- 
priate, but,  except  in  the  Building  Act,  it  is 
seldom  used. 

I The  puzzle  is  why  domestic  buildings  in 
crowded  streets  are  still  allowed  to  be  con- 
structed in  a way  that  may  bring  death  in  its 
worst  form  to  the  inmates  at  any  moment  and 
with  no  warning.  There  may  be  a certain 
amount  of  prejudice  and  a corresponding 
antipathy  to  anything  that  savours  of  novelty, 

I still  architects  I believe,  as  a rule,  agree  that 
compulsory  fireproof  construction  of  a sufficient 
character  to  render  our  domestic  buildings  of 
I all  classes  practically  safe  from  fire  is  only  a 
' matter  of  time,  and  is  a condition  with  which 
they  have  in  many  instances  no  sufficient 
1:  authority  to  deal. 

I The  only  explanation  that  can  be  given  why 
V;  fireproofing  is  comparatively  so  little  adopted 
i|.  at  the  present  time  is  that  the  great  majority 
j of  houses  are  erected  to  sell,  or  to  let  at  an 
I annual  rental  ; building  owners  desirous  of 
I obtaining  a large  profit  on  the  sale,  or  high 


rate  of  interest  in  the  shape  of  rent  on  their 
capital  outlay,  object  to  spending  money  for 
special  purposes  which  are  not  in  evidence  on 
completion,  and  concerning  which  purchasers 
or  occupiers  appear  indifferent,  and,  as  build- 
ings can  be  insured  for  their  full  value,  the 
owner  is  secured  against  a monetary  loss. 

A good  deal  of  misconception  exists  as  to 
which  portions  of  a house  should  be  rendered 
fire-resisting,  and  also  an  exaggerated  notion 
as  to  the  extra  cost. 

I here  is  no  reason  why  structures  used 
mainly  as  dwellings  should  be  built  with  the 
same  regard  to  fire-resistance  as  large  shops 
stored  with  inflammable  goods,  warehouses, 
public  buildings,  and  others  used  for  extensive 
trade  and  manufacturing  purposes. 

An  ordinary  house  in  which  each  apartment 
is  so  far  fire-resisting  that  its  contents  and 
such  structural  woodwork  as  cannot  well  be 
dispensed  with,  or  which  there  is  a desire  to 
retain,  are  together  insufficient  as  combustible 
materials  to  spread  a fire  beyond  the  limits  of 
the  apartment  in  which  it  commences,  may  be 
said  to  be  practically  fireproof. 

The  external  walls  of  houses  are  almost  with- 
out exception  compelled  to  be  built  of  incom- 
bustible materials,  but  the  two  factors  in  con- 
struction which  are  the  main  cause  of  loss  of 
life  by  fire  in  domestic  buildings  are  the  wood 
stairs  and  the  wood  floors,  and  assuming  these 
to  be  formed  of  materials  that  will  resist  a 
moderate  fire  for  a couple  of  hours  at  most,  the 
skirtings,  doors,  door  surroundings,  windows, 
fittings,  carpets,  curtains,  and  furniture  com- 
bined would  not  in  themselves  be  a source  of 
much  danger  heyond  the  apartment  containing 
them,  and  may  therefore  be  considered  as 
factors  of  secondary  importance  in  connection 
with  fire  resistance. 

But  so  far  as  regards  skirtings  they  would 
always  be  better  if  constructed  with  Portland, 
Keene’s,  or  Parian  cement,  because  in  con- 
nection with  the  wood  architraves  of  doors, 
skirtings  form  an  almost  and  in  some  cases 
entirely  unbroken  line  of  woodwork  from  end  to 
end  of  corridors  and  passages  and  round  all 
rooms,  and  along  which  fire  may  possiblv  travel. 

There  is  no  objection  to  cement  skirtings 
that  I am  aware  of,  except  that  they  cost  some- 
what more  than  wood ; they  are  far  more 
durable,  solid,  not  readily  damaged  and  non- 
absorbent, and  even  on  sanitary  grounds  alone 
should,  I submit,  become  more  general  than  is 
the  case.  Stairs  should  be  of  concrete,  stone 
is  unreliable  ; the  collapse  of  stone  stairs 
when  exposed  to  a severe  fire  has  occurred  on 
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several  occasions.  The  cost  of  concrete  stairs 
is  more  than  wood  stairs,  but  unless  they  are  of 
intricate  design  it  is  by  no  means  a serious  item. 
The  construction  of  concrete  stairs  was  well 
known  to  both  Romans  and  Normans,  and 
specimens  of  their  work  are  still  in  existence. 

Concrete  stairs  are  constructed  by  casting 
each  step  in  a mould,  or  by  casting  the  whole 
flight  in  situ,  and  the  principle  of  construction 
is  now  well  understood.  The  best  miaterials 
for  concrete  stairs,  both  for  strength  and  fire 
resistance,  are  Portland  cement  and  crushed 
bricks — fire-brick  by  preference — clinker  from 
furnaces  or  slag  from  iron  ore.  Oak  and  other 
hard  wood  stairs  of  a defined  thickness  are 
classed  as  fire-resisting  under  the  London 
Building  Act,  but  given  sufficient  fire  they 
add  fuel  to  the  flames.  Wainscotting,  dados, 
and  wood  cornices  can  be  entirely  dispensed 
with  where  protection  from  fire  is  of  paramount 
importance,  or  if  necessary  formed  with  cement. 
Wood  liftings  and  boxing  shutters  can  well 
give  way  to  revolving  shutters  of  steel  or  hard 
wood.  There  is  but  trifling  danger  in  the 
latter  because  the  amount  of  wood  required  is 
so  small  that  it  need  scarcely  be  taken  into 
account.  Considering  the  neatness  and  effi- 
cacy of  revolving  shutters  it  is  strange  they 
should  not  be  more  generally  adopted  for 
houses  where  shutters  are  considered  neces- 
sary, especially  as  the  cost  is  less  than  the 
ponderous  boxing  shutters.  The  woodwork 
necessary  for  the  windows  of  a room  is  scarcely 
likely  to  take  fire  except  under  provocation,  but 
it  appears  that  curtains  and  window  blinds  are 
often  the  cause  of  an  outbreak  through  a 
lighted  lamp  or  candle  being  upset  or  placed 
near  thereto.  In  ordinary  sashes  or  casements 
there  is  but  little  wood  to  burn,  in  the  frames 
there  is  somewhat  more.  The  portions  of  sash 
frames  more  exposed  than  others  are  the  in- 
side linings,  pulley  stiles,  heads  and  dlls,  and 
if  these  were  made  of  teak,  which  would  resist 
any  moderate  fire  after  the  paint  on  the  surface 
had  burned  away,  another  element  of  danger 
would  be  avoided.  The  extra  cost  would  be, 
possibly,  from  8s.  to  15s.  per  window,  accord- 
ing to  size. 

Architraves  to  doors  and  windows,  and 
window-jambs  or  linings  can  be  formed  of 
cement  at  a somewhat  increased  cost,  where 
the  use  of  wood  is  not  desirable,  but  door- 
jambs, doors,  windows,  and  fitments,  such  as 
cupboards,  dressers,  linen- presses,  shelving 
and  the  like,  must  apparently  still  be  of  wood, 
for  there  is  no  other  material  that  I am  aware 
of  which  serves  the  purpose  equally  as  well 


for  habitable  buildings.  The  wood  I have  just 
named  in  an  ordinary  building  is  classed  under 
the  general  term  of  joiner}^  and  is  mainly  ex- 
posed to  view.  But  the  dangerous  factor  in  a 
building  is  the  hidden  timber  which  is  of  much 
greater  proportion,  and  being  practically  out 
of  sight,  may  smoulder  and  burst  into  flames 
without  any  previous  warning  whatever. 

Under  this  head  we  get  floor-joists,  parti- 
tions, wall-plates,  templates,  lintels,  roof- 
timbers,  occasionally  wood  battening  fixed 
against  brick  walls  for  lathing  thereto,  or  for 
match  boarding. 

It  is  common  knowledge  to  everyone  en- 
gaged in  building  operations,  that  all  these 
can  be  dispensed  with,  and  incombustible 
materials  substituted  with  no  more  trouble,  but 
at  some  increase  of  cost,  and  the  latter  is  the 
crux  of  the  whole  matter.  In  place  of  parti- 
tions formed  of  wood  and  lath  and  plaster, 
they  can  now  be  constructed  in  various  ways 
of  materials  that  will  not  burn,  such  as  iron 
uprights,  metallic  lathing,  and  ordinary  plaster 
— solid  plaster  with  iron  rods  embedded  therein 
— fire-proof  blocks,  breeze  concrete,  and  other 
materials,  all  of  which  are  light  and  fire- 
resisting.  Fire-proof  coke-breeze  lintels,  in 
which  small  metal  tension  rods  are  embedded, 
for  use  internally  over  doors  and  windows,  are 
readily  obtainable.  Coke-breeze  blocks  or 
bricks  to  insert  in  walls  forfixing  joinery  there- 
to, are  in  every  way  preferable  to  and  better 
than  wood,  and  if  new  or  old  walls  require  to 
be  battened  for  plaster,  as  is  practised  in 
external  walls  of  some  seaside  houses  to  pre- 
vent rain  from  penetrating,  metallic  lathing 
can  be  fixed  to  metal  lathing  bars  secured 
by  galvanised  wall  hooks.  Externally,  the 
roof  is  the  dangerous  factor  in  construction  ; 
where  barge  boards,  dormer  windows,  and 
skylight  frames  are  in  evidence,  danger  exists 
if  a fire  is  in  progress  in  the  neighbourhood 
through  sparks  being  carried  by  the  wind. 

Under  the  old  Building  Act,  windows  had  to 
be  set  back  at  least  4^  inches  from  the  face  of 
any  wall,  but  now  they  may  be  flush  therewith. 
All  the  outside  wood  window  linings  in  this 
arrangement  can  now  be  exposed ; under  the 
old  Act  they  were  almost  entirely  out  of  harm’s 
way  in  the  brickwork  reveal. 

Fireproof  roofs  are  obviously  more  difficult 
to  construct  than  the  usual  wood  type,  except 
a flat  form  is  substituted,  and  although  objec- 
tions may  be  made  to  flat  roofs  for  country 
houses  and  suburban  villas  on  the  ground  of 
appearance,  there  can  be  but  few  reasons  why 
they  should  not  be  adopted  in  towns. 
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In  addition  to  safety  from  fire,  fiat  roofs  do 
away  with  the  great  danger  in  towns  arising 
from  tiles  and  slates  being  deposited  on  the 
heads  of  foot  passengers  during  high  winds ; 
they  also  save  the  annual  recurring  cost  of 
tile  and  slate  repairs,  and  the  danger  of  hood- 
ing from  choked  lead  gutters  and  down  pipes. 
They  have  other  advantages  in  connection 
with  workmen’s  fiats  and  similar  buildings 
where  the  laundr}^  is  on  the  top  fioor,  in  being 
available  for  dr}fing-places,  and  there  is  no 
reason  why  fiower  beds  and  gardens  should  not 
be  established  thereon,  a proposition  made  by 
the  late  Dr.  Richardson.  On  a very  high  fiat 
roof  within  a few  minutes  of  the  Mansion 
House,  excellent  grapes  are  grown  in  a small 
artificially  heated  vinery. 

Flat  roofs  are  usually  constructed  in  much 
the  same  way  as  fireproof  fioors,  but  laid  to  a 
slight  inclination  to  carry  rain-water  away  into 
the  stack  pipes,  and  covered  with  the  best 
mineral  asphalt.  Concrete  and  cement  alone, 
with  the  greatest  care,  will  not  form  a water- 
tight roof. 

A roof  of  this  description  should  be  more 
durable  than  others,  and  entirely  avoid  the 
necessity  of  repairs  for  almost  an  indefinite 
period.  The  cost,  too,  would  in  many  positions 
not  exceed  that  of  the  ordinary  slate  or  tile 
roof,  lead  gutters  and  other  accessories  taken 
into  account,  while,  as  regards  security  from 
fire,  not  a particle  of  wood  need  enter  into 
the  construction. 

Fireproof  roofs  are  being  adopted  for  some 
buildings,  but  by  far  the  great  minority,  and 
but  little  difference  of  opinion  exists  as  to 
what  materials  should  be  used  and  how  they 
should  be  applied  ; but  a fireproof  roof  is  of 
no  avail  if  the  fioors  are  constructed  of  wood, 
and  when  we  come  to  fireproof  fioors  we  have 
to  deal  with  a factor  in  construction  upon  which 
opinion  differs  to  a very  great  extent ; as  a 
result,  except  where  Building  Acts  and  by- 
laws compel  their  adoption,  they  are,  compara- 
tively speaking,  but  little  used.  The  reasons 
for  this  are  many.  By  some  persons  they  are 
supposed  to  take  up  much  more  space  than 
wood ; that  even  if  covered  with  wood  they 
are  still  cold  to  walk  upon  ; that  the  weight 
is  excessive  ; that  they  conduct  sound  more 
readily  than  wood,  and  other  objections  which 
do  not,  or  need  not  exist  : but  the  principal 
one  is,  as  in  so  many  other  matters  con- 
nected with  the  erection  of  new  buildings — 
cost.  They  are  regarded  as  a “luxury” 
in  construction,  and  when  estimates  have  to 
be  reduced  it  is  often  the' case  that  the  first 


thing  to  go  (if  the  Building  Act  permits)  is 
the  fireproof  fioors. 

We  have  heard  of  many  wide  estimates  as  to 
the  cost  of  fireproof  construction  above  that  of 
ordinary  construction,  ranging  from  lo  to  50  per 
cent,  of  the  cost  of  the  building.  It  is  quite 
certain  that  there  will  always  be  a considerable 
difference  in  the  ratio  of  cost,  for  a building  with 
no  pretensions  to  internal  decoration  or  external 
architecture,  such  as  workmen’s  fiats,  requires 
equally  as  much  flooring  as  a mansion  costing 
twice  as  much  but  of  the  same  size.  Taking 
average  buildings  of  moderate  pretensions,  I 
think  it  will  be  found  that  wood  fioors  complete, 
including  the  wood  lathing  for  ceilings,  cost 
on  an  average  about  5 to  7^  per  cent,  of  the 
total  outlay,  and  that  fireproof  fioors  average 
about  double  that  of  wood  fioors.  Assuming 
therefore  that  a house  costs  £2,000  to  build, 
and  is  of  the  annual  value  of  ^150,  the  fire- 
proof fioors  at  the  very  utmost  should  work 
out  at  a cost  not  exceeding  ;^i50  in  excess  of 
wood  fioors,  and  this  at  5 per  cent,  would 
increase  the  rent  by  £"]  los.  a year.  Fire- 
proof roofs,  as  I have  said,  cost  but  little  more 
than  the  usual  kind,  and  the  extra  expenditure 
on  stairs  and  all  the  other  details  of  con- 
struction which  I have  enumerated,  except 
architraves  to  doors,  which  are  unnecessar}' 
to  be  of  cement,  would  be  well  covered  by 
another  ;^i50  ; so  that  for  ^^15  a year,  at 
most,  increase  of  rental  on  a house  of  the 
estimated  annual  value  of  ;^i50,  the  owner 
would  gain  by  having  fewer  repairs  to  pay  for, 
and  the  tenant  would  gain  by  reason  of  its 
healthfulness,  freedom  from  insects  and  vermin, 
and  security  against  fire. 

If  a large  reduction  of  fire  insurance  pre- 
mium on  both  house  and  its  contents  was 
obtainable — and  it  ought  to  be  through  danger 
from  fire  being  almost  nil — there  should  be  prac- 
tically very  little  increased  rental  necessary. 

On  hygienic  grounds,  I submit  that  fireproof 
floors  have  not  received  the  consideration  they 
should  do.  The  space  between  the  floor  boards 
and  ceiling  of  the  usual  type  of  wood  floor  is  a 
receptacle  for  the  dirt  and  dust  of  generations, 
and  in  the  majority  of  houses  a refuge  for  rats, 
mice,  beetles,  and  other  domestic  pests. 

Floor  boards  may  be  grooved  and  tongued, 
but  the  floor  sweepings  and  floor  washings 
together  convey  the  fine  dust  through  the  joints 
of  the  floor  boards  of  ordinary  houses,  let  them 
be  ever  so  closely  fitted  when  first  laid. 

In  external  walls  of  buildings  it  is  sometimes 
the  practice  to  insert  ventilating  bricks  to 
admit  air  to  the  floor  timbers,  with  a view  to 
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prevent  their  decay.  Where  the  floor  boards 
have  shrank  or  been  badly  laid,  an  imper- 
ceptible current  of  air  to  the  room  above  is 
the  result,  bringing  with  it  a return  of  some 
portion  of  the  impalpable  dust  that  has  found 
its  way  beneath  the  floor,  and  the  housewife 
wonders  where  all  the  dust  on  her  furniture 
comes  from. 

If  the  floor  timbers  acquire  dry  rot — by  no 
means  an  uncommon  occurrence,  even  in  well- 
built  houses,  the  initial  stage  often  developing 
before  wood  leaves  the  docks — a rank  fungus 
is  the  result,  which  spreads  with  alarming 
rapidity  and  is  in  a high  degree  dangerous 
to  health. 

If  the  space  between  floors  and  ceilings  of 
many  houses,  even  of  a superior  class,  erected 
say  twenty  to  fifty  years  since,  could  be  exposed 
to  view,  a condition  of  affairs  would  be  revealed 
that  would  lead  more  surely  to  the  disuse  of 
wood  floors  than  any  description  or  any  amount 
of  persuasion  can  effect. 

It  must  be  conceded  that  fireproof  floors  are 
to  some  extent  a costly  item  in  a building ; on 
the  other  hand,  it  is  my  object  to  convince  you 
that  no  building  is  reasonably  safe  which  has 
wood  floors  and  stairs,  and  that,  on  hygienic 
grounds  alone,  fireproof  floors  are  worth  the 
extra  cost,  even  where  cost  is  the  paramount 
factor  in  construction.  Very  much  less  is 
known  in  a general  way  about  fireproof  floors 
than  about  most  other  details  of  building  con- 
struction, and  they  do  not  possess  any 
attractive  features  whatever. 

The  Romans  formed  them  of  brick  and  con- 
crete, the  latter  as  much  as  20  feet  span,  with 
no  intermediate  supports,  and  specimens  of 
their  concrete  floors  still  exist  in  various  places, 
but,  so  far  as  I know,  nothing  of  a fireproof 
character,  except  brick  arches,  which  were 
confined  to  basements  and  underground  rooms 
where  injury  from  outward  thrust  could  be 
guarded  against,  was  attempted  in  this 
country  until  quite  modern  times. 

This  is  to  be  accounted  for  by  reason  of 
suitable  materials  for  the  purpose  being 
practically  unknown  a century  ago.  Portland 
cement  had  not  been  discovered,  rolled  iron 
and  steel  were  unknown,  and  concrete  itself— 
so  well  understood  by  the  Romans — was  not  in 
use  in  this  country  even  for  foundations. 

In  1775,  a patent  was  granted  to  Mr. 
Hartley  for  fireproofing  wood  in  buildings,  by 
nailing  thin  iron  sheets  round  floor  joists  and 
other  timbers,  and  Parliament  voted  a sum  of 
money  to  continue  the  experiments  ; but  the 
result  was  a failure,  and,  a little  later,  Earl 


Stanhope  proposed  to  fill  in  between  wood 
joists  with  rough  mortar  laid  on  wood  laths — ■ 
what  is  known  as  pugging,  and  used  at  the 
present  time  not  so  much  with  the  object  of 
making  floors  fireproof  as  to  prevent  sound 
from  passing  through. 

Since  then,  I believe  I am  correct  in  saying. 
Parliament  has  made  no  further  grants  for  a 
similar  object. 

Spasmodic  attempts  were  made  subsequent 
to  Mr.  Hartley’s  scheme,  but  they  were  all 
more  or  less  unsuccessful. 

Sir  William  Fairbairn  in  his  book,  “The 
Application  of  Cast  and  Wrought  Iron  Work  to* 
Buildings,”  says  the  first  instance  of  the  suc- 
cessful application  of  cast-iron  beams  for  the 
fireproof  floors  of  a building,  was  for  a cotton 
mill  erected  in  1801  (Fig.  i)  ; the  ironwork  was 
designed  by  Messrs.  Boulton  and  Watt,  the 
cast-iron  columns  being  entirely  unprotected. 

Up  to  1844,  numerous  patents  had  been 
taken  out  for  fireproof  floors,  but  none  came  to- 
stay  until  Dr.  Fox  introduced  what  was  after- 
wards known  as  Fox  and  Barrett’s  floor 
(Barrett  being  the  business  partner),  and 
this  was  in  use  until  quite  recent  years ► 
Dr.  Fox  had,  no  doubt,  as  medical  officer  of  a 
large  lunatic  asylum,  become  aware  of  the 
frightful  consequences  that  might  result  in 
case  of  a Are  breaking  out  in  a building  where 
a large  number  of  insane  patients  were  con- 
fined. Fox  and  Barrett’s  floor  was  very 
popular  in  London  and  elsewhere  for  many 
years. 

Fig.  2 is  Fox  and  Barrett’s  floor;  A A,  small 
cast-iron  joists  or  girders;  B,  strips  of  wood, 
inch  square,  resting  oh  the  bottom  flanges 
of  joists  and  spaced  half  an  inch  apart;  C,  a 
coat  of  rough  plastering  mortar  partially 
squeezed  through  between  the  wood  strips ; 
D,  pugging;  E,  cement  mortar;  F,  mortar 
made  of  two  parts  of  sand  and  one  of  hydraulic 
lime,  trowelled  off  to  form  a walking  surface. 

Mr.  Wilkinson,  of  Newcastle,  patented 
several  varieties  of  floors  in  1854  later 
dates  ; one  was  formed  with  brick  arches  and 
concrete  over  ; another  was  a flat  arch  section 
of  Portland  cement  concrete,  the  latter  possibly 
the  forerunner  of  concrete  arches  of  consider- 
able span. 

Bunnett’s  floor,  introduced  in  1858,  was  at 
that  time  of  novel  construction,  viz.,  hollow- 
interlocking  burnt  clay  blocks  or  bricks- 
joggling  or  keying  each  other  at  the  joints. 
Fig.  3 is  a section  of  Bunnett’s  floor.  This 
principle  has  been  practised  in  a variety  of 
ways  in  America,  but  does  not  as  yet  find 
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much  favour  in  this  country.  The  under  side 
of  the  blocks  have  a dovetail  groove  to  afford  a 


Dennett’s  floor,  introduced  in  1857,  is 
another  that  has  been  used  to  a very  great 


Fig.  I. — Fireproof  Floor,  1801. 


key  for  the  plaster,  as  shown,  an  idea  which 
has  since  then  been  claimed  as  part  of 


extent.  Originally  it  was  made  with  plaster  of 
Paris  as  the  cementitious  ingredient,  and  con- 


Fig.  3. — Section  of  Bennett’s  Floor. 


Fig  4. — Hornblower’s  Floor. 

I numerous  floor  patents.  The  floors  of  the  I sisted  of  segmental  arches  up  to  17  feet  span, 
Grosvenor  Hotel  at  Pimlico  are  Bunnett’s.  [ and  cast-iron  beams.  Subsequently  Dennett 
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introduced  various  improvements.  All  the 
floors  of  St.  Thomas’s  Hospital  are  Dennett’s. 

Matthew  Allen,  a builder  of  Finsbury, 
brought  out  fireproof  floors  in  1862,  consisting 
of  bars  of  iron  3 inches  by  f-inch,  laid  edgewise 
across  the  building  from  front  to  back,  and  2 
feet  apart  ; through  these  |^-inch  iron  rods, 
also  2 feet  apart,  were  passed  and  secured  to 
the  bars  at  the  ends.  A temporary  scaffold 
was  fixed  beneath  and  cement  concrete  was 
thrown  in  to  a thickness  of  4 inches.  The 
floors  of  the  Waterlow  model  dwellings  in 
Finsbury  are  executed  in  this  way. 

Mr.  Hornblower,  an  architect  of  Liverpool, 
in  1873  recognised  the  danger  of  exposing  iron 
beams  to  fire,  and  devised  an  ingenious  arrange- 
ment of  encasing  them  entirely  with  burnt  clay 
or  terra  cotta,  as  shown  in  Fig.  4,  A A are 
rolled  iron  girders  ; B,  pottery  ware  tubes ; 
E,  fine  concrete  at  top.  Hornblower’ s floor  was 
used  for  the  Liverpool  Corn  Exchange  and  many 
other  buildings.  Previous  to  this  Hornblower 
had  employed  clay  tubes,  or  pipes,  resting  on 
the  bottom  flanges  of  the  joists,  covering  the 
latter  on  the  under  side  with  an  inch  in  thick- 
ness or  more  of  concrete,  a mistake  which  was 
soon  rectified  by  others,  as  shown  in  Swarbrick’s 
fire-clay  lintel  floors  (Fig.  5),  A,  rolled  iron  joist; 
B,  earthenware  lintels;  E,  projection  to  protect 
bottom  flange  of  joists  ; D,  lip  to  give  the  slab 
strength  ; H,  wood  joist  and  floor.  In  Horn- 
blower’s  tubes,  Swarbrick’s  slotted  lintels,  and 
Bunnett’s  dovetail  grooves  we  can  trace  the 
origin  of  tubular  lintels  for  fire-resisting  floors 
as  used  at  the  present  time. 


in  use  now,  which  maybe  better  or  worse  for  all 
I know  than  the  190  others  not  shown. 

It  was  suggested  at  one  time  that  solid  wood 
floors  would  resist  combustion  and  possess 
many  advantages  over  steel  and  concrete. 
The  principle  proposed  was  to  form  them  with 
deals  or  battens  edgewise  and  fixed  close 
together.  This  system  has  been  practised  in 
America,  but  in  a paper  read  lately  by  Mr.  W. 
L.  B.  Mudie,  an  architect  of  Chicago,  the 
author  said  that  this  principle  of  slow  burning 
floors  was  not  justified  by  experience,  for  when 
once  a building  got  well  alight  they  made  a 
terribly  intense  fire.  Oak  is  always  assumed 
to  be  fire-resisting  to  a high  degree,  but 
Mr.  E.  C.  Shankland,  lately  stated  that 
80,000  feet — superficial  feet,  probably — of  oak 
timber  was  piled  in  a new  building  for  the 
Chicago  Athletic  Club,  and  while  the  building 
was  in  progress  a fire  took  place  and  the  whole 
of  the  oak  was  destroyed.  Silicate  cotton  and 
asbestos  have  both  been  suggested  for  packing 
between  and  around  all  hidden  timbers,  but 
the  dangerous  factor  wood  is  still  in  existence, 
only  waiting  for  a loophole  to  prove  how  difficult 
it  is  to  make  a building  fire-resisting,  but  there 
can  be  no  doubt  that  both  silicate  cotton  and 
asbestos  afford  very  great  protection. 

But,  with  all  their  disadvantages,  I believe 
it  is  pretty  well  agreed  that  steel  beams  and 
joists  and  Portland  cement  concrete,  or  clay 
tiles  or  lintels  in  combination,  judiciously 
treated,  are  up  to  the  present  time  the  best 
materials  we  know  of  for  forming  fireproof 
floors,  although  in  the  United  States  steel 


But  during  the  last  twenty  years  many 
varieties  of  fireproof  floor  have  been  introduced, 
over  200  patents  having  been  applied  for  in  this 
country  alone,  but  the  comparatively  few  that 
have  been  used  to  any  extent  are  divisible  into 
not  more  than  four  types.  I am  not  going  to 
suggest  that  patent  floors  shown  here  are 
superior  to  others  ; they  are  simply  shown  as 
illustrations  of  floors  in  the  early  history  of 
fireproof  construction,  and  of  types  of  others 


beams  and  porous  terra  cotta  are  more  in 
favour.  Flat  slab  floors  of  concrete,  as  Fig. 
9,  without  beams  of  any  kind,  simply  resting 
on  the  walls, have  been  advocated  and  adopted 
to  a very  limited  extent ; then,  we  have  steel 
joists  fixed  certain  distances  apart,  three  to  six 
feet  usually,  and  concrete  filled  in  between 
level  with  the  top  flange  and  an  inch  or  so 
below  the  bottom  flange,  as  Fig.  10 — other 
types  of  floors  consist  in  embedding  iron  or 
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steel  in  the  concrete  when  in  a soft  state  ; then 
we  have  arched  formed  floors  and  level  ceihni^s 
as  Fii^.  II,  and  lintel  floors  consisting- of  clay 
lintels  resting-  on  the  bottom  flanges  of  beams 
or  joists,  and  concrete  filled  in  over  as  Fig.  14 
and  15. 

But  in  selecting  one  or  other  of  the  systems 
named,  or  of  any  other  form  of  construction, 
the  properties  of  the  materials  to  be  employed 
should  be  the  first  consideration. 

It  is  well  known  that  steel  beams  and  joists 
e.xpand  and  buckle  when  exposed  to  heat,  and 
that  in  a high  temiperature  the  loss  of  strength  is 
also  considerable.  These  are  two  disadvantages 
that  can  only  be  remedied  in  one  way,  and  that 
is  by  so  protecting  them  that  it  shall  not  be 
possible  in  domestic  buildings  for  a fire  of  one  or 
two  hours  duration  to  injure  thenr.  By  beams  I 
mean  deep  single  sections,  or  two  or  more 
sections  of  rolled  steel  forming  compound 
beams,  or  ri vetted  plate  girders  to  carry 
smaller  sections  which  I call  joists,  the  terms 
being  synonymous  with  those  used  in  wood- 
floor  construction.  Where  beams  are  used  a 
portion  usually  projects  below  the  ceiling  line, 
and  have,  therefore,  a much  larger  superficial 
area  needing  protection  than  the  joists  ; more- 
over, they  support  a large  portion  of  the  entire 
floor,  and  should  therefore  have  the  greatest 
possible  protection  ; but  instead  of  this,  so  far 
as  my  observation  goes,  the  usual  custom  is  to 
wedge  light  pieces  of  wood  between  the  top  and 
bottom  flanges,  about  a foot  apart,  flush  with 
the  outside  edges  of  the  flanges  ; to  these 
metallic  lathing  is  nailed,  as  Fig.  6,  and  this 


this  way  more  than  three  inches  thick  ; it  is  diffi- 
cult to  apply  it  in  a soft  state,  and  it  is  moreover 
a moderately  good  conductor  of  heat,  and  more 
important  than  all  the  bottom  flange  of  beam 
is  either  insufficiently  protected  or  not  pro- 
tected at  all.  On  the  other  hand,  plastering- 
mortar  possesses  little  more  than  one  third  the 
conductivity  of  brick  or  tile,  and  if  applied  so 
as  to  leave  a hollow  space  behind,  an  inch 
and  a quarter  in  thickness  of  plaster  is  more- 
effective  than  two  and  a-half  inches  of  concrete. 
I am  told  that  asbestic  plaster  has  much  less 
conductivity  than  common  plaster.  Sir  Fyre 
Shaw,  the  former  chief  of  the  Metropolitan 
Fire  Brigade,  wrote  some  years  since  in  reply 
to  an  inquiry,  “ Very  little  plaster  will 
suffice  to  prevent  ironwork  from  melting,, 
softening  or  cracking,  if  only  it  remains  on,  but 
this  is  the  difficulty.  Some  key  is  absolutely 
necessary,  and  hoop  iron  or  wire  netting  would 
probably  be  found  the  cheapest  and  best  ; 
with  a really  trustworthy  key  about  half  an 
inch  of  plaster  would  ensure  safety.”  When  Sir 
Eyre  Shaw  wrote  this,  metallic  lathing  had 
not  come  into  use.  To  ascertain  for  myself  the 
capability  of  common  plastering  to  resist  fire  I 
built  a small  brick  enclosure  seven  feet  square 
and  six  feet  high,  upon  the  top  of  which  I laid 
steel  joists  and  attached  thereto  a suspended 
ceiling  on  expanded  metal  lathing.  When  the 
plaster  was  thoroughly  dry  I made  a larger 
fire  under  than  would  be  likely  to  occur  in  an 
ordinary  room,  and  after  two  hours  of  fierce 
combustion  and  repeated  quenching  the  upper 
side  of  the  ceiling  with  buckets  of  water,  the 


Beam  Encasements. 


is  plastered  in  the  usual  way.  When  the 
wood  blocks  become  so  hot  that  combustion 
ensues,  the  lath  and  plaster  must  inevitably 
come  away,  and  the  beam  being  exposed  it  is 
almost  bound  to  collapse. 

The  London  Building  Act  permits  this 
arrangement,  I believe,  in  any  building.  Con- 
crete is  sometimes  filled  in  between  the  top 
and  bottom  flanges  and  metallic  lathing  fixed 
thereto  and  under  the  bottom  flange,  as  Fig.  7, 
but  it  is  seldom  practical  to  employ  concrete  in 


plastering  remained  sound,  although  pieces  of 
wood  an  inch  thick  thrown  on  the  top  of  the 
ceiling  were  ablaze  in  a few  seconds  from  the 
heat  conveyed  through  the  plaster.  I am 
bound  to  say  the  result  was  quite  a surprise 
to  me. 

The  steel  joists,  although  unprotected,  were 
not  injured  to  an  extent  that  would  cause  them 
to  buckle  or  expand  to  any  degree,  and  nearly 
one  hour  after  the  fire  was  lighted  they  were  but 
moderately  hot. 
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A further  protection  may,  I suggest,  be  prac- 
tised by  plastering  the  flanges  and  exposed 
portions  of  the  beam  with  asbestic  plaster, 
which  I believe  adheres  better  to  unpainted 
metal  than  to  painted. 

The  diagram.  Fig.  8,  shows  light  stirrups.  A, 
made  from  f by  in.  iron,  going  round  the 
beam,  B,  suspended  to  the  angle  bearer,  c, 
and  fixed  12  in.  apart;  a lighter  bar,  D,  is 
rivetted  across  the  bottom  to  grip  the  plastering, 

E — asbestic  is  preferred — on  the  bottom  flange 
as  an  additional  precaution  in  case  of  fire  to 
prevent  it  from  falling  away.  The  asbestic  on 
metallic  lathing,  F,  is  in  this  way  clear  of 
contact  with  any  portion  of  the  metal.  I am 
unable  to  speak  from  experience  as  to  the 
merits  of  asbestic,  but  if  the  reports  concerning 
it  are  true,  it  has  some  marvellous  properties 
in  connection  with  fireproofing,  as  regards 
resistance  both  to  fire  and  water.  Protected  in 
this  form  I am  strongly  of  opinion  that  beams 
w'ould  withstand  greater  heat  than  if  encased 
with  concrete  or  terra  cotta  or  fireclay  tiles,  say 
2 in.  thick,  as  the  outer  plaster  encasement  is 
everywhere  disconnected  from  the  beam  itself, 
and  forms  a valuable  and  almost  invulnerable 
first  line  of  defence. 

Doubt  has  been  expressed  whether  the 
heated  air  between  the  plastering  and  the 
beam  would  not  expand  and  burst  the  encase- 
ment. I suggest  that  this  can  be  avoided 
by  fixing  an  air  brick  or  tube  in  the  walls  upon 
which  the  beams  rest ; anyway,  it  should  not 
be  a difficult  point  to  deal  with. 

Joists  in  almost  every  system  have  their  webs 
encased  by  the  floor  materials  ; the  top  flanges 
are  much  less  liable  to  become  overheated  than 
any  other  portions,  but  the  bottom  flanges 
require  greater  protection  than  any  other  part, 
as  they  are  at  all  times  subject  to  a severe 
tensile  strain,  and  in  case  of  fire  the  heat  is 
directed  full  against  them.  No  floor  is  abso- 
lutely safe  unless  the  bottom  flanges  are 
efficiently  safeguarded.  Sir  Nathaniel  Barnaby 
in  making  experiments  in  connection  with  iron 
ships  found  that  iron  and  steel  beams  gained 
in  strength  up  to  between  490°  and  550° 
Fahrenheit ; beyond  this  their  strength  rapidly 
diminished. 

The  expansion  of  steel  at  500°  is  an  inch 
in  28  feet  Fahrenheit,  and  at  1,000°  an  inch  in 
14  feet.  Iron  when  dull  red-hot  is  1,300°.  The 
moral  to  be  derived  from  these  figures  is  that 
if  the  steel  beams  and  joists  used  in  fireproof 
floors  can  be  so  far  protected  that  they  do  not 
attain  over  500°  of  heat,  there  is  but  little  harm 
either  from  loss  of  strength,  heat,  or  expansion. 


Where  beams  have  to  be  employed  I think  it  is 
only  reasonable  they  should  be  no  longer  than 
is  absolutely  necessary,  i.e.,  they  should  be 
disconnected  at  every  bearing  where  possible. 

Divided  opinions  prevail  as  to  whether  con- 
crete is  reliable  as  a fire-resisting  material  or 
the  reverse  ; this  depends  mainly  upon  the 
materials  of  which  the  concrete  is  made. 
Thames  ballast  is  one  of  the  worst,  and  being 
used  at  one  time  for  fireproof  floors  in  London, 
many  failures  took  place,  and  firemen  were 
cautioned  not  to  enter  burning  buildings  which 
possessed  fireproof  floors. 

The  most  reliable  fire-resisting  materials 
are  crushed  bricks,  coke  breeze,  clinker  from 
furnaces,  slag  from  iron  ore,  pumice  and 
similar  substances  which  have  passed  through 
fire.  Mr.  Webster’s  experiments  proved  that 
slag  made  the  strongest  concrete,  broken  fire- 
brick came  next,  and  then  pumice,  while  coke 
breeze  was  the  weakest,  but  after  being  heated 
to  a red  heat,  and  quenched  with  water,  the 
order  of  things  was  reversed,  for  it  was  found 
that  slag  had  lost  two-thirds  of  its  strength, 
broken  fire-brick  nearly  as  much,  pumice  about 
the  same,  but  coke  breeze  less  than  one-half, 
and  that  the  latter  was  then  stronger  than  the 
other  three  materials.  Neat  cement  was  only 
about  one-fifth  its  original  strength  after  being 
heated  and  quenched,  but  it  was  clear  that 
when  diffused  among  other  materials  to  form 
concrete,  its  strength  from  some  cause  or  other 
was  not  diminished  in  the  same  ratio.  But 
good  concrete  increases  in  strength  with  age, 
and  assuming  that  a concrete  floor  will  sustain 
the  specified  load  required  at  a month,  it 
should  carry  double  that  at  a year,  and  from 
this  we  gather  that  if  a concrete  floor  made  of 
coke  breeze  is  exposed  to  a fire,  and  becomes 
nearly  red  hot — say  1,000°  Fahrenheit — it 
ought  to  be  still  capable  when  cold  of  support- 
ing its  original  specified  load,  subject  to  not 
being  weakened  from  other  causes,  and  here 
another  contingency  arises,  expansion  from 
heat  and  subsequent  contraction,  for  coke 
breeze  expands  about  three  quarters  of  an 
inch  in  28  feet  at  1,000°  of  heat,  and  crushed 
bricks  one  inch  in  28  feet.  This  appears  to 
be  a substantial  objection  to  the  use  of  floors 
formed  of  a single  slab  without  joists,  or  of 
large  self-supporting  areas  of  concrete  for 
floors,  whether  flat  or  arched.  So  far  as  re- 
gards strength,  first-class  concrete  requires  no 
steel  beams  or  joists  whatever  for  floors  up  to 
15  feet  between  supports,  nor  any  iron  em- 
bedded therein.  I have,  many  years  since, 
executed  12  feet  spans  of  a uniform  thickness. 
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as  shown  by  Fig.  9,  of  4^  inches  only,  but  the 
effect  of  a fire  would  be  to  cause  them  to  ex- 
pand, and  as  they  cooled  to  contract  and, 
probably  through  being  tied  into  the  walls  so 
as  to  be  unable  to  adjust  themselves  to  circum- 
stances, they  would  break  up  into  fragments. 


cracks  may  not  develop  for  a year  or  more 
after  the  floor  has  been  completed,  and  if  they 
are  covered  on  the  top  with  a wood-casing,  and 
the  under  side  is  plastered,  they  may  never  be 
visible.  Then  another  objection  to  slab  floors 
is  that  the  lower  half,  or  half  below  the  neutral 


-10  o 

Fig.  9.— Slab  or  Plate  Floor. 


Concrete  paths  in  public  streets  expand  and 
contract  with  ordinary  variation  of  temperature, 
and  to  avoid  irregular  cracks  are  executed,  as 
we  know,  in  sections  of  about  9 feet  square. 

But  as  the  temperature  in  a house  fire 
scarcely  exceeds,  we  are  told,  1,000°,  there 
should  be  no  difficulty  in  so  protecting  the 
beams,  the  joists,  and  the  concrete,  that  neither 
should  in  an  ordinary  house  be  exposed  to  a 
temperature  of  more  than  500°  one  hour  or 
longer  after  a fire  has  got  well  alight. 

Cement  concrete  has  some  peculiar  proper- 
ties, for  instance,  it  is  not  considered  by  any 
means  an  elastic  material,  but  I have  seen  a 
slab  10  ft.  in  length  and  qi-  in.  in  thickness 
deflect  over  an  inch  in  the  centre  under  a heavy 
load  and  resume  its  original  shape  within  a 
quarter  of  an  inch,  after  having  been  weighted 
for  several  days.  So  that  any  perceptible 
movement  or  deflection  of  a concrete  floor  in 
walking  over  or  jumping  upon  it,  does  not  neces- 
sarily imply  danger.  This  is,  however,  not  a 
pleasant  sensation  when  the  floor  is  known  to 
be  of  concrete,  and  to  avoid  this  a flat  floor  has 
to  be  thicker  than  is  absolutely  necessary  for 
strength.  A segmental  arch-shaped  floor,  as 
Fig.  12,  an  advantage  in  this  respect,  for  no 
matter  how  light  it  may  be  it  is  practically  rigid. 

A flat  slab  floor  without  joists  has  another 
disadvantage,  viz.,  the  effect  of  ordinary 
changes  of  temperature,  as  before  described. 
The  difference  of  temperature  in  the  rooms  of 
a dwelling  is  never  very  great,  but  combined 
■with  the  tensile  strain  on  the  lower  half  of  the 
floor,  it  is  sufficient  to  cause  slight  cracks  in 
the  concrete  on  the  under  side,  as  the  result 
of  a change  from  heat  to  cold,  and,  although 
I have  never  known  an  accident  result  there- 
from, cracks  are  naturally  looked  upon,  and 
with  good  cause,  as  signs  of  danger.  These 


axis,  is  undergoing  a tensile  strain,  a strain 
which  concrete  is  least  liable  to  resist,  and 
these  combined  disadvantages  go  to  prove 
that  although  flat  floors  of  concrete  without 
any  joists  are  economical  in  cost  and  space, 
they  are  not  adapted  for  rooms  of  domestic 
buildings.  They  may  do  very  well  for  corridors, 
passages,  lavatories,  and  the  like,  always 
remembering  that  concrete  conveys  sound 
more  readily  than  any  other  building  material; 
as  an  instance,  conversation  carried  on  in  an 
ordinary  tone  in  a room  divided  from  another 
by  a 6-inch  concrete  partition,  plastered  on 
both  sides,  can  be  heard  in  the  adjoining 
room  ; this  I state  from  experience. 

Another  type  of  floor  is  the  same  as  the  one 
just  described,  but  has  steel  or  iron  rods,  wire 
netting,  expanded  metal,  or  any  other  form  of 
steel  or  iron  embedded  in  the  concrete  below 
the  neutral  axis,  for  the  purpose  of  counter- 
acting the  tensile  strain.  Floors  of  this 
character  have  been  advocated  for  years,  more 
especially  those  of  Hyatt,  Brannon,  Monier, 
Edwards,  the  Expanded  Metal  Company,  and 
several  others.  The  main  point  is  to  prevent 
shearing  of  the  embedded  material,  and  this 
is  usually  obtained  by  securing  the  ends  of  the 
metal  ties  in  the  concrete.  The  strength  of 
concrete  floors  is  largely  increased  this  way, 
but  the  general  disadvantages  of  the  slab 
floor,  just  described,  are  still  the  same,  and  if 
large  areas  of  concrete  have  to  be  divided  into 
smaller  by  means  of  steel  joists,  I fail  to  see 
much  advantage  in  the  use  of  embedded 
metal. 

The  so-called  solid  concrete  floor  (Fig.  10) 
is  more  largely  used  than  an}'  other,  principally 
because  it  costs  less,  can  be  executed  by  the 
builder,  and  came  into  use  at  a time  previous 
to  the  general  introduction  of  better  systems. 
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Joists  are  usually  fixed  2 to  6 feet  apart 
according  to  circumstances,  and  the  concrete 
kept  an  inch  below  the  bottom  flange  with  the 
object  of  protecting  the  beam  from  fire,  and  a 
plaster  ceiling  is  formed  on  the  concrete. 


being  simply  jagged  or  indented  with  a pointed 
tool,  and  in  case  of  fire  the  plastering  will 
possibly  soon  fall  away,  indeed  this  often  occurs 
without  a fire. 

The  weight  of  a concrete  floor  of  this  kind. 


The  objections  to  this  form  of  floor,  from  my 
point  of  view,  are — (i)  that  the  one-half 
portion  of  concrete  below  the  neutral  axis 
is  of  little  use  so  far  as  regards  strength  ; (2)  it 
conveys  sound  very  distinctly ; (3)  the  concrete 
having  to  be  of  a thickness  equal  to  the  depth 
of  joist,  plus  the  inch  below,  is  very  heavy ; (5) 
in  case  of  fire  the  under  portion  may  become 
very  hot  before  the  heat  reaches  the  upper 


as  shown,  nine  inches  in  thickness,  is  about 
40  lbs.  to  50  lbs.  per  superficial  foot,  without  the 
joists,  while  the  greatest  live  load  necessary  to 
be  provided  for  floors  of  domestic  buildings  is 
said  to  be  only  between  20  lbs.  and  30  lbs.  at 
most.  A modification  of  this  floor  so  as 
to  reduce  the  weight  of  concrete,  as 
! shown  by  Fig.  ii,  was  adopted  some  years 
I ago,  but  can  scarcely  be  called  a fireproof  1 


Fig.  II. — Fireproof  Ceiling. 


portion  ; owing  to  the  thickness  it  has  to  per- 
meate, expansion  in  some  places  and  none  in 
others  creates  rupture  of  the  particles,  and,  co- 
hesion being  weakened,  masses  may  fall  away, 
or  if  expansion  occurs  from  heat,  rupture  of 
the  concrete  will  take  place  at  its  weakest 
point,  and  that  is  where  it  encases  the  bottom 
flanges  of  the  joists,  where  it  is  only  an  inch  in 
thickness  ; should  this  happen, ’'and  the  fire  is 


floor,  a better  title  would  be  an  improved 
wood  floor. 

I mentioned  that  these  are  a description 
of  floors  usually  performed  by  any  kind  of 
labourers.  My  experience  is  that  workmen 
who  have  acquired  an  intimate  knowledge  of 
concrete  floors,  and  take  an  interest  in  theii* 
work,  perform  it  in  a superior  way,  produce 
better  work,  and  are  more  reliable. 


Fig.  12. — Arch-shaped  Floor. 


extensive,  the  fate  of  the  floor  is  settled, 
although  in  an  ordinary  way  it  should  scarcely 
be  sufficient  for  this  ; (5)  plastering  on  con- 

crete surfaces  of  this  character  to  form  ceilings 
has  scarcely  any  key,  the  concrete  surface 


Concrete  floors  which  have  collapsed  were, 
so  far  as  my  knowledge  goes,  done  by  men  of 
no  experience,  notably  one  at  Portsmouth  in 
1876,  which  fell  and  killed  four  men,  although 
the  concrete  was  twelve  inches  in  thickness, 
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and  sufficient  in  quantity  for  at  least  two  floors  j 
of  the  same  area  capable  of  supporting  2 cwt. 
per  foot  super.,  the  distance  between  supports 
being  only  8 feet.  In  his  report  as  to  the  fall 
of  flat  concrete  floors  at  Cambridge  in  1878, 
Mr.  Baldwin  Latham  says,  “ I am  decidedly 
of  opinion  that  concrete  for  the  floors  of  a 
building  is  one  of  the  best  materials  that  can 
be  applied,  but  the  material  should  be  cambered 
so  that  the  strain  may  be  in  compression  and 
not  in  tension.”  But  there  is  an  impression 
that  concrete  floors  of  an  arch  form  exercise 
considerable  thrust,  and  must  necessarily  be 
held  together  by  tie  rods  and  bolts,  but,  except 
in  large  spans,  this  is  not  so.  Fig.  12  shows  a 
concrete  arch  5 feet  between  supports,  i£- 
inches  thick  at  the  crown  and  5 inches  at  the 
haunches,  loaded  with  4 cwt.  per  superficial 
foot,  and  resting  only  on  wood  posts,  and  the  | 
deflection  in  the  centre  is  but  very  slight.  ' 


in  up  to  the  level  of  top  of  joists,  and  the  under 
sides  of  the  lintols  are  plastered  in  the  usual 
way.  There  arc  numerous  floors  of  the  lintel 
type — Willis  and  Astley’s,  Pickerings,  Fer- 
gusson’s,  and  others.  1 offer  no  opinion  as  to 
the  relative  merits  of  any  patent  floors  in  use. 
Were  I to  do  so  impartially  I could  only  say 
that  probably  they  will  all  safely  support  any 
reasonable  load  ; that  their  cost  is  very  much 
the  same  ; that  each  may  possibly  possess 
some  advantage,  more  or  less,  over  others ; 
but  until  a series  of  tests  have  been  made  as  to 
fire-resisting  and  other  desirable  properties  of 
some  of  the  best  types  of  floors  by  some  indepen- 
dent authority  under  similar  conditions,  and 
upon  areas  of  suitable  dimensions,  no  compara- 
tive results  are  possible.  The  patentee  of 
every  floor  can  bring  ample  evidence,  without 
doubt,  to  prove  that  his  system  is  far  better 
than  any  other,  and  also  that  the  severe  trial 


Fig.  13. — Floor  Experi:ments. 


Fig.  13  shows  two  beams,  9 inches  by  4^ 
inches,  between  which  a concrete  arch  on 
wood  centering,  made  from  broken  bricks,  was 
formed,  9 feet  between  the  beams  and  4^  inches 
in  the  crown.  After  an  interval  of  a month 
the  centering  was  removed,  a piece  of  con- 
crete an  inch  in  width  sawn  out  of  the  crown, 
and  the  surface  loaded  with  about  80  lbs.  per 
superficial  foot  without  any  sensible  change  of 
form,  and  this,  I submit,  goes  to  prove  that 
arch-shaped  concrete  assumes  more  the  cha- 
racter of  a cantilever  than  an  arch.  But  level 
ceilings  are  necessary  for  rooms  of  dwelling- 
houses  ; this  can  be  obtained  by  forming  them  I 
of  metallic  lathing  suspended  to  the  joists,  I 
while  the  vacant  space  that  intervenes  creates 
a barrier  to  the  transmission  of  sound. 

Fawcett’s  floor.  Fig.  14,  and  Homan’s  floors. 


I it  has  withstood  against  fire  in  a small  test 
j place  7 or  8 feet  square,  arranged  for  the 
I purpose,  has  beaten  all  previous  records  ; all 
! the  same,  it  is  quite  a different  thing  from  afire 
in  an  apartment  18  or  20  feet  each  way,  and 
i not  specially  constructed  to  be  tested. 

I My  views  as  to  fireproof  floors  for  domestic 
‘ buildings  are  : — 

1.  Steel  beams  should  be  avoided  as  far  as 
possible ; up  to  24  feet  span,  or  between 

I bearings,  they  can  be  dispensed  with  altogether,. 

[ and  joists  of  moderate  size  substituted  at  but 
little  increase  of  cost. 

2.  Where,  however,  steel  beams  are  necessary 
the  greatest  care  should  be  taken  to  protect 
them  from  fire. 

3.  Steel  joists  to  divide  floors,  whether  flat 
or  arched,  should  not  be  more  than  6 feet  apart. 


Fig.  14. — Fawcett’s  Floor. 


Fig.  15,  are  too  well  known  to  require  any 
description  ; they  are  types  of  the  lintel  form 
of  construction,  with  a portion  going  under  to 
protect  the  bottom  flanges.  Concrete  is  filled 


and  should  also  be  well  protected,  more  espe- 
cially the  bottom  flanges,  which  as  a rule  are 
less  cared  for  than  other  portions ; the  top 
flanges  are  not  so  important. 
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4.  A better  quality  of  concrete,  and  less  of 
it  than  is  usual,  should  be  employed  to  lessen 
the  enormous  weight  thrown  upon  walls  and 
foundations. 


acquire  dry  rot  and  decay  more  or  less  in  from 
3 to  4 years.  Wood  laid  on  concrete  direct 
will  not  burn  except  through  the  strongest 
provocation ; it  will  smoulder  and  become 


Fig.  15. — Homan’s  Floor. 


5.  The  plastered  ceilings  should,  if  possible, 
be  of  a character  that  will  not  fall  or  come 
away  as  the  immediate  result  of  a fire  beneath. 

The  properties  aimed  at  in  fire-resisting 
floors  of  domestic  buildings  should  be,  I submit, 
as  follows:— I,  resistance  to  fire;  2,  non- 
Gonductivity  of  sound  ; 3,  lightness  compatible 
with  safety;  4,  economy  of  space;  and  5, 
economy  of  cost. 

I have  endeavoured  to  carry  out  these 
principles  in  the  floor  shown.  Fig.  16,  but 


charred.  Small  w'ood  joists  laid  on  the  con- 
crete and  floor  boards  fixed  thereto  in  the 
usual  way,  will  burn  rapidly. 

I think  it  is  worthy  of  being  more  generally 
known  that  cement  used  for  making  concrete 
parts  with  as  much  water  as  is  unnecessary  for 
hydration,  and  clear  water  can  always  be  seen 
dripping  from  concrete  newly  laid  on  temporary 
centreing  or  wood  platform  formed  to  up- 
hold it. 

This  is  often  supposed  to  be  a case  of  too 


Fig.  16.— Potter’s  Floor. 


although  highly  successful  on  a small  scale, 
like  everyone  else’s  patents,  I am  unfortunately 
unable  to  say  what  the  result  would  be  in  a 
genuine  big  fire.  The  bottom  flanges  are 
encased  with  burnt-clay  shields,  E,  an  air  space 
M,  intervening,  and  a metallic  lath  suspended 
ceiling  is  fixed  to  the  shields  by  iron  hangers,  G, 
and  lathing  bars,  F ; permanent  iron  centres,  D, 
are  used  for  forming  the  floor,  and  the  bottom 
flanges  of  joists  have  a double  air  space  pro- 
tection ; A is  wood  surface  ; B,  concrete ; H, 
metal  lathing. 

The  best  covering  for  a concrete  floor  is 
wood  in  narrow  widths,  nailed  direct  on  the 
concrete.  Obviously  the  floor  must  be  first 
made  quite  straight,  and  the  materials  of 
a consistency  that  will  enable  nails  driven 
therein  to  hold  as  well  as  if  driven  into 
wood.  It  has  been  said  that  the  wood  will  rot, 
but  I have  made  floors  in  this  way  for  16  years 
and  found  no  decay  yet,  and  for  some  reasons 
they  are  preferable  to  wood  block  floors  and 
cost  less.  Dovetailed  strips  of  wood  embedded 
in  concrete  for  nailing  boards  thereto  I found 


much  water  having  been  used  in  mixing,  but  it 
is  not  so,  unless  it  is  coloured  with  cement,  in 
which  case  it  is  evidence  of  the  latter  having 
been  carried  through  the  concrete  owing  to  the 
use  of  an  excess  of  water,  and  the  floor  is 
obviously  weakened  therefrom.  Men  used  to 
forming  concrete  floors  acquire  practical  know- 
ledge as  to  these  and  other  little  details  of 
construction  which  the  casual  labourer  cares 
nothing  about. 

As  a matter  of  fact,  concrete  for  any  purpose 
is  assumed  to  be  such  a commonplace  thing 
that  it  is  difficult  to  evoke  any  interest  in  con- 
nection therewith,  so  far  as  building  matters 
are  concerned.  But  the  large  fires  which  have 
taken  place  will,  it  is  hoped,  be  the  means  of 
inducing  the  London  County  Council  or  the 
Governm_ent,  or  some  other  independent 
authority,  to  make  a series  of  independent 
tests  of  various  kinds  of  fireproof  floors, 
partitions,  beam  encasements,  &c.,  as  done 
in  several  other  countries,  that  architects 
and  the  public  in  general  may  be  put  in  pos- 
s ession  of  some  reliable  data  relative  to  so 
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called  fireproof  buildings,  and  if  a building 
was  set  apart  for  specimens  and  exhibits  of 
fireproof  floors,  partitions,  cements,  inventions, 
and  products  relating  to  fireproofing  gener- 
ally, architects  and  others  would  be  able  to 
see  and  judge  for  themselves  as  to  what  would 
be  likely  to  fulfil  their  requirements  instead 
of  having  to  rely  entirely  upon  pamphlets, 
advertisements,  or  circulars. 

I regret  that  the  time  allowed  me  only 
permits  a skimming  of  the  subject,  and  that  I 
have  perforce  had  to  leave  much  unsaid.  I 
thank  you  for  the  great  attention  which  has 
been  accorded  me. 


DISCUSSION. 

Mr.  H.  H.  Collins  said  it  was  evident  from  the 
paper  that  Mr.  Potter  was  a master  of  his  subject ; 
but  nevertheless  there  were  some  points  on  which 
he  was  obliged  to  differ  from  him.  Statistics  with 
regard  to  fires  were  very  fallacious,  and  from  some- 
thing like  forty  years’  experience  his  conclusion 
was  that  what  most  required  to  be  guarded  against 
were  fires  in  large  commercial  buildings,  theatres,  &c., 
the  risk  of  private  houses  being  very  small,  as  was 
proved  by  the  premiums  charged  by  insurance  com- 
panies. For  commercial  buildings  the  rate  ranged 
from  5s.  up  to  2 IS.  per  cent.,  while  in  private  houses 
it  was  from  is.  6d.  to  2s.  6d.  There  were  many 
circumstances  to  be  taken  into  account  before  fonning 
an  opinion  as  to  the  mortality  from  fire  in  private 
houses,  and  he  could  not  place  so  much  reliance  on 
the  statistics  as  Mr.  Potter  appeared  to  do.  Before  the 
London  County  Council  prepared  the  Metropolitan 
Building  Act  they  took  the  advice  of  the  district  sur- 
veyors, of  the  Institute  of  British  Architects,  the 
Institute  of  Surveyors,  and  the  Institute  of  Builders, 
and  many  discussions  took  place  before  the  Bill 
became  law,  and  it  contained  many  useful  pro- 
visions which  had  not  been  alluded  to.  For 
instance,  as  to  the  erection  of  chimneys,  the  setting 
of  stoves  and  ranges,  carrying  party  walls  through 
the  roof,  the  cubical  contents  of  warehouses,  and  a 
ver\'  important  point  which  arose  out  of  a bad  fire  in 
the  Edgware-road,  where  a draper  took  a number  of 
small  houses  and  removed  the  party  walls  and  so 
forth  ; under  the  Act  that  could  not  be  done  now. 
There  was  also  a further  limitation  on  the  height  of 
buildings.  The  only  mistake  was  in  allowing,  to 
meet  the  aesthetic  view’s  of  some  people,  the  wood- 
w’ork  of  wfindow’s  to  come  out  flush  wdth  the  walls. 
Architects  were  fully  aware  of  the  advantages  of 
fire-resisting  construction  ; it  was  impossible  to  make 
buildings  absolutely  fireproof,  but  the  great  difficulty 
was  the  expense.  All  patentees  told  you  what  the 
extra  cost  w’ould  be  theoretically,  but  in  practice  it 
always  came  to  about  three  times  as  much.  They 
put  forth  pamphlets  and  circulars  and  inundated 


you  with  samples,  and  each  one  told  you  his  own 
system  was  perfect,  but,  unfortunately,  gave  you 
no  data  to  warrant  such  an  assertion.  Each  one 
said  his  was  much  better  than  anybody  elsc’s, 
and  in  the  result  the  architect  had  to  judge  foi 
himself.  lie  had  r\o  doubt  this  paper  was  written, 
in  great  measure,  in  consequence  of  the  recent 
calamitous  fire  in  the  City  ; but  a great  man\- 
observations  w'ere  made  in  connection  w’ith  that 
which  were  not  borne  out  by  facts.  One  gentleman 
said  the  extra  cost  of  fire-resisting  construction  was 
50  per  cent.,  another  put  it  at  25  per  cent.,  and  Mr. 
Potter  said  it  w'as  about  "j\ ; but  then  he  was  a manu- 
facturer. He  (Mr.  Collins)  should  say  30  per  cent,  would 
be  nearer  the  truth,  and  taking  his  own  example  of  a 
house  costing  ^2,000,  that  would  add  H20,  and  add 
^^30  to  the  rental,  bringing  it  from  ^^150  to  ;^i8o,, 
and  it  must  be  remembered  that  the  rates  and  taxes 
would  be  increased  in  proportion.  The  result  would 
be  that  the  house  -would  not  let,  or  would  be  the  last 
one  let  in  the  locality.  The  cost,  therefore,  was- 
prohibitive,  except  in  the  case  of  a man  with  plenty 
of  money  building  for  his  own  occupation  ; it  would 
never  do  for  a speculator,  and,  therefore,  it  Avould 
be  many  years  before  such  a system  could  be- 
introduced  for  ordinary  dwelling-houses.  The  onlv 
way  to  press  the  matter  would  be  for  insurance 
companies  to  decline  to  insure  ordinary  buildings 
except  at  prohibitive  rates.  The  law  would  not  do  it,, 
and  indeed  he  should  be  sorry  to  see  the  House  of 
Commons  engaged  in  a debate  of  such  a kind  ; he 
thought  there  was  too  much  legislation  already^ 
Again,  if  they  folloAved  the  suggestions  of  the  paper, 
and  do  away  with  all  wainscoting,  dados,  friezes,  and 
architraves,  the  house  would  be  more  like  a liarn.. 
There  were  other  points  to  be  remembered  in  con- 
nection with  resistance  to  fire,  which  had  not  been, 
touched  upon  : it  was  not  a question  simply  of  the- 
floors  and  roofs.  As  Sir  Eyre  Shaw  had  told  them, 
the  foundation  was  of  primary  importance,  for  if  it 
were  defective  settlements  and  fissures  would  occur, 
which  often  caused  more  danger  if  a fire  took  place 
than  the  materials  used,  as  the  smoke  and  flame- 
passed  through  these  interstices  and  caused  the 
fire  to  spread.  The  brickwork  also  was  important  * 
and  especially  the  mortar  used  in  connection  with 
it : and  he  was  glad  to  see  that  the  London 

County  Council  insisted  on  their  district  survey- 
ors looking  strictly  after  this  matter,  as  could 
be  seen  from  the  numerous  summonses  for  using 
improper  mortar.  The  floors  which  had  been  described 
were  very  heavy,  and,  unless  the  Aveights  were  properly 
considered,  threw  a great  strain  on  the  walls  and 
foundations.  They  were  also  generally  deep,  and, 
therefore,  involved  either  reducing  the  height  of  the 
rooms  or  making  the  building  higher,  with  additional 
expense  in  the  walls,  staircases,  and  other  matters. 
One  question  which  Sir  Eyre  Shaw  laid  special  stress 
upon,  and  which  the  London  County  Council  specially 
considered,  was  the  cubical  contents  of  buildings. 
One  gentleman,  who  gave  evidence  at  the  recent 
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inquest,  said  he  knew  a building  which  was  of  480, 000 
cubic  feet,  but  under  the  Building  Act  no  building 
could  exceed  250,000  without  special  permission,  the 
utmost  limit  being  400,000,  and  then  a special 
application  must  be  made,  and  it  must  pass  the 
ordeal  of  the  London  Fire  Brigade.  The  risk  of  fire 
was  in  direct  proportion  to  the  cubical  contents.  The 
accessibility  of  a building  was  also  of  great  import- 
ance, and  the  results  of  streets  being  narrow  and  tor- 
tuous was  well  exemplified  in  the  last  great  fire.  Then 
again  the  height  of  party  walls  must  be  considered. 
There  was  a large  fire  in  the  Tower  Hill  district, 
where  there  were  three  large  warehouses  together, 
larger  than  would  now  be  allowed  to  be  built,  but, 
owing  to  the  walls  being  caiaied  up  7 or  8 feet 
through  the  roof,  one  warehouse  only  was  burned, 
and  the  others  remained  absolutely  intact.  Mr. 
Potter  had  spoken  against  the  use  of  wood,  but  on 
that  point  he  should  like  to  read  a portion  of  a letter 
which  Sir  Eyre  Shaw  wrote  to  the  Times,  which  his 
own  experience  entirely  corroborated ; he  had  written 
reports  for  insurance  claims  on  Memel  timber,  which 
formed  the  beams  supporting  the  floors  of  the 
building,  when  all  the  iron  and  stone  work  lay 
in  the  debris  around  him.  Sir  Eyre  Shaw,  speaking 
of  the  great  fire  at  the  Pantechnicon  in  Motcombe- 
street,  said  the  structure  was  of  brick,  with  wooden 
floors,  supported  on  wooden  beams,  which  in  their 
turn  were  carried  on  wooden  storey  posts  about 
12  inches  thick,  and  although  much  damage  was 
done,  not  one  portion  of  the  heavy  woodwork  was 
destroyed.  Further  on,  after  describing  the  experi- 
ment he  made  with  these  posts,  exposing  them  to  a 
fierce  fire  for  2\  hours,  he  said  that  within  a few 
minutes  after  withdrawing  them  from  the  flames,  they 
ceased  to  burn,  and  on  sawing  them  and  splitting 
them  with  steel  wedges  he  found  the  interior  still 
fresh  and  sound,  and  they  were  probably  still  capable 
of  supporting  the  whole  weight  they  were  originally 
designed  to  carry.  The  lesson  he  drew  was 
that  a massive  storey  post  of  the  most  inflam- 
mable wood — in  that  case  pitch  pine — was  abso- 
lutely proof  against  any  heat  which  could  be  applied 
to  it,  and  would  not  of  itself  bum  at  all,  but 
required  a considerable  supply  of  highly  inflammable 
substances  to  keep  it  burning,  and  after  being  exposed 
for  seven  hours  to  flames  of  great  intensity,  it  was 
not  injured  to  a greater  depth  than  2 inches  from 
the  outer  surface.  A large  number  of  experiments 
had  been  made  in  Berlin  as  to  the  best  method  of 
construction — the  results  of  which  were  published  in 
the  Builder — and  he  believed  they  showed  that  the 
best,  and  indeed  the  only,  kind  of  material  to  resist 
flame  was  something  like  Homan’s  or  Fawcett’s; 
there  were  several  much  on  the  same  lines.  With 
i-egard  to  flat  roofs,  and  their  use  as  playgrounds  and 
for  drying  linen,  his  experience  was  that  the  soot  and 
dirt  would  render  them  quite  unfit  for  the  latter 
purpose.  Mr.  Potter  spoke  of  a conservatory  in  the 
City  where  grapes  were  growing  ; he  hoped  it  was  not 
in  his  district,  or  he  should  try  to  have  it  removed  as 


a dangerous  structure.  There  was  no  difficulty  in 
making  a sloping  roof  fire-resisting,  using  metallic 
lathing  well  plastered,  for,  as  Sir  Eyre  Shaw  said 
before,  an  inch  of  plaster  would  protect  any  iron  ; the 
only  difficulty  was  to  make  the  plaster  adhere  and 
keep  in  position ; but  that  must  be  secured  by  the 
use  of  expanding  metal.  In  Bankes’s  material  thin 
uprights  were  put  up  from  floor  to  ceiling  and  tied 
together,  and  the  interstices  filled  in  with  plaster  of 
Paris  or  concrete.  That  had  been  used  at  the  “ Three 
Nuns  ” Hotel,  Aldgate,  and  it  proved  to  be  a bad  con- 
ductor of  sound.  You  could  not  hear  what  was  said 
in  the  adjoining  room,  only  a dull  sound,  however  loud 
the  words  were  shouted.  The  conduction  of  sound  was 
a great  nuisance  which  attached  to  some  fire-resisting 
materials,  especially  in  flats.  In  conclusion,  he  felt 
that  they  were  much  indebted  to  Mr.  Potter  for  this 
paper,  but  he  feared  the  great  and  insuiinountable 
obstacle  to  the  general  adoption  of  his  ideas  would  be 
the  expense. 

Mr.  E.  O.  Sachs  said  he  highly  appreciated 
this  paper,  and  particularly  the  fair  and  impartial 
manner  in  which  the  systems  of  other  manufac- 
turers had  been  dealt  with.  The  paper  applied 
chiefly  to  domestic  buildings,  in  which  fires  were 
most  numerous,  and  the  loss  of  life  greatest, 
but  the  figures  required  a little  analysis.  It  was 
said  that  100  lives  per  annum  were  lost,  but  pro- 
bably the  Eire  Brigade  saved  as  many  more,  and 
they  heard  that  an  improved  system  was  being 
arranged,  which  would  do  immense  service  in  mini- 
mising the  loss  of  life.  He  did  not  think  the  great 
expense  of  fire-resisting  construction  arose  so  much  in 
ordinary  dwellings,  though  it  was  doubtful  if  the 
extra  expense  required  would  be  undertaken.  But 
the  paper  was  very  instructive  with  reference  to 
buildings  of  the  warehouse  class,  and  the  Cripplegate 
fire  was  an  object-lesson  of  what  should  not  be  done, 
and  it  had  been  well  pointed  out  that  the  whole  ques- 
tion was  one  for  tests  and  experiments,  and  it  would 
be  a great  boon  to  architects  if  a thorough  set  of 
tests  could  be  made.  There  was  a Eire  Prevention 
Committee  formed,  of  which  he  was  a member,  and 
attempts  were  being  made  to  organise  such  experi- 
ments, and  he  was  glad  to  say  they  had  received  con- 
siderable support  from  the  fire-proofing  trade,  each 
one  of  whom  felt  sure  that  his  system  was  the  best 
in  the  world,  and  would  come  out  of  the  test 
triumphant.  Professor  Aitchison  said  he  hoped  the 
Government  would  take  up  the  question,  but  his  own 
opinion  was  that  the  Government  had  quite  enough 
on  its  hands  already,  and  that  a matter  of  this 
kind  might  very  well  be  left  to  private  initia- 
tive. However  fire-resisting  a floor  might  be, 
it  was  too  often  forgotten  that  it  was  sup- 
ported by  something,  and  that  something  might 
be  of  a dangerous  character.  The  old  floor  of  solid 
concrete  was  going  out,  and  anyone  who  had  seen 
the  fires  which  had  occurred  under  such  floors,  and 
the  ravages  caused  by  their  expansion  and  con- 
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traction,  must  hope  that  they  would  soon  be  done 
away  with  entirely. 

Mr.  W.  Eckstein  said  it  appeared  from  the  diagrams 
exhibited  that  the  floors  they  illustrated  were  princi- 
pally for  warehouses  and  such  purposes,  which  was 
one  of  the  most  important  necessities.  But  there 
were  many  other  points  which  might  be  taken  up 
by  the  County  Council,  or  some  body  which  had 
the  power  of  regulating  these  things.  For  instance, 
match-lining  for  ceilings  and  partitions  should  be 
prohibited.  Partitions  should  be  made  of  quartering, 
hollow  and  filled  in  solid  with  concrete,  which  was  a 
ver}’  common  practice  in  France  ; this  would  also  do 
well  for  domestic  purposes.  The  question  of  protection 
from  fire  had  been  very  carefully  considered  in  the 
New  York  Building  Act,  under  Avhich  only  stone — 
which  was  not  a good  material — steel,  concrete,  and 
hollow  ware  of  tena  cotta  w'ere  alloAved  for  a fireproof 
building.  The  last-mentioned  was  in  almost  universal 
use.  One  continuous  floor  Avas  put  in  from  back  to 
front,  and  on  it  were  put  up  the  partitions  made  of 
expanded  metal,  or  metal  laths  of  some  kind,  which 
\vere  used  enormously ; where  -\ve  used  a foot  they 
used  a square  mile.  These  w'ere  only  about  inch 
thick,  built  solid,  xvhich  effected  a great  saving  in 
floor  space.  In  New  York,  if  you  rented  an  office, 
you  paid  so  much  per  square  foot.  He  had 
put  up  partitions  of  this  kind  in  Wimbledon 
College,  and  was  infonned  by  the  teachers — and 
had  tested  the  matter  himself — that  they  were  practi- 
cally soundproof.  The  question  was  one  of  enormous 
importance,  and  he  hoped  the  County  Council  would 
nominate  a committee,  with  the  assistance  of  the 
Institute  of  British  Architects,  and  perhaps  of  the 
fire  insurance  companies  and  the  Fire  Brigade,  who 
would  really  settle  once  for  all  which  was  the  best 
.system  of  fireproof  construction  for  the  City  of  London. 
It  would  be  a small  matter  to  spend  a few  thousand 
pounds  on  such  an  object  in  making  a series  of  really 
practical  experiments.  Two  long  walls  might  be  put 
up  20  feet  apart,  and  each  manufacturer  or  patentee 
might  have,  say,  10  feet  allotted  him  on  which  to  put 
a floor,  with  columns  and  certain  protections  placed 
between  the  various  systems,  and  then  let  the  Fire 
Brigade  roast  the  whole  lot  for  a certain  time  and 
then  quench  them  with  water,  and  thus  get  some 
practical  proof  of  their  merits.  If  something  of  that 
kind  could  be  done,  money  would  be  well  spent  upon  it. 

I Mr.  Lascelles  Scott  regretted  the  omission 
I from  the  paper  of  one  word — convection — which 
gave  the  key  to  a great  deal  of  the  effects  of  fire, 
and,  therefore,  a notion  of  one  of  the  first  principles 
to  be  canied  out  in  the  endeavour  to  prevent  it.  The 
t forces  brought  to  bear  in  extinguishing  a fire  had  also 
I to  be  considered ; water  taking  the  first  place,  and 
so-called  chemical  fire-engines  a bad  second.  If  it 
■ were  the  rule  that  in  the  case  of  a large  building  no 
area  above  a certain  size  should  be  left  open  in  case 
of  fire,  and  it  could  be  rendered  impossible  for  any 


roof  to  be  burned  out  in  a short  space  of  time  as  at 
present,  it  would  give  water  a chance  of  extinguiihing 
the  red  hot  surfaces,  and  chemical  vapours  a chance 
of  extinguishing  the  flames.  f)ne  point  which  bore 
ujion  this,  was  the  flat  roofs  suggested  many  years 
ago  by  Dr.  Richardson  and  himself.  Three  inches  of 
water  on  the  top  of  a house  would  give  the  means  of 
stopping  convection,  and  would  give  ample  time  for 
the  fire-engines  to  arrive.  It  would  take  a long  time 
to  burn  through  three  or  four  inches  of  water,  and 
there  Avould  be  no  difficulty  in  keeping  the  top  of  the 
house  sufficiently  cool,  so  that  the  vapours  could  not 
ascend  until  means  were  at  hand  for  extinguishing 
the  fire  beneath.  If  a series  of  experiments  were 
earned  out  as  had  been  suggested,  he  hoped  this 
point  would  not  be  neglected.  In  New  York  they 
were  so  well  insured  that  fires  were  constantly 
occurring,  and  did  not  even  collect  a crowd.  With 
regard  to  legislation,  he  would  only  suggest  that  no 
building  should  be  allowed  to  have  a fumace-like 
ventilating  shaft  or  lift  cylinder  in  it,  unless  there 
were  means  of  automatically  shutting  it  off  in  a few 
seconds. 

Mr.  Robbins  said  he  was  practically  connected 
with  concrete  work,  and  many  years  ago,  when  ex- 
perimenting at  Cubitt’s  in  order  to  get  bricks  of 
certain  colours,  he  tried  a few  experiments  on  his 
own  account,  and  incorporated  sawdust  with  con- 
crete, terra-cotta,  and  similar  materials.  He  found  it 
answered  admirably,  the  bricks  being  very  light ; and 
in  1869  he  took  out  a patent,  which  he  claimed  was 
the  origin  of  all  the  tubular  systems  for  building 
purposes.  Partitions  might  be  built  up  in  this  way, 
using  straw  or  reeds  in  place  of  sawdust,  embedded 
in  concrete ; being  non-conducting,  if  the  bottom 
partition  ignited  the  fire  would  not  spread  upwards. 

Mr.  S.  Gamble  said  if  architects  would  insist  on 
some  of  the  so-called  fireproof  buildings  being  better 
tied  together  or  secured  partly  by  concrete  arches, 
they  might  possibly,  in  the  course  of  the  next  fifty 
years,  get  firemen  to  have  more  confidence  in  such 
structures.  There  were  some  buildings  termed  fire- 
proof, which  when  alight  caused  the  greatest  anxietv 
to  those  in  charge  to  keep  the  men  away  from  for 
fear  they  should  collapse,  which  they  invariably  did 
sooner  or  later.  He  remembered  a case  of  a large 
stone  landing  on  the  staircase  of  a large  house  not 
far  from  the  British  Museum,  where  there  was  a 
comparatively  small  fire,  but  a little  water  was  thrown 
on  that  landing,  and  the  whole  thing  collapsed  and 
nearly  caused  the  death  of  three  persons.  He  woukl 
rather  go  up  a wooden  staircase  which  was  half  or 
three-quarters  burnt  through,  than  up  a stone  or 
concrete  one.  Again,  if  people  would  only  take  the 
precaution  to  close  doors  after  them,  and  especially 
to  close  them  when  there  was  a fire,  many  lives  would 
be  saved.  An  ordinary  four-jianelled  door  woukl 
stand  what  many  jieojde  woukl  call  a tremendous  heat 
for  a considerable  time  before  giving  way.  If  springs 
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of  doors  could  be  so  arranged  that  all  doors  would 
close  automatically,  a great  deal  of  damage  would 
be  saved.  With  regatd  to  flat  roofs,  and  so  on,  if 
you  had  a fire  in  a building,  and  a tremendous  heat, 
it  had  to  get  out  somewhere,  and  if  the  roof  were 
of  concrete  it  could  not  go  that  way,  but  w’ould  get 
out  at  the  windows,  back  and  front,  and  might  fire 
the  buildings  on  the  opposite  side  of  the  road.  In 
some  cases  it  was  even  advisable  to  let  the  roof  burn, 
and  a party  wall  of  2 or  3 feet  in  height  was  in  most 
cases  sufficient  to  deflect  the  current  of  air  upwards. 

The  Chairman,  in  proposing  a vote  of  thanks 
to  Mr.  Potter,  said  the  paper  was  not  written  in 
consequence  of  the  Cripplegate  fire,  and  was  pre- 
pared entirely  without  reference  to  the  catastrophe. 
The  discussion  had  somewhat  wandered  from  the 
actual  subject,  which  was  domestic  dwellings,  but 
he  had  not  thought  it  desirable  to  interfere, 
because  just  now  all  matters  concerned  with  fires 
were  of  great  public  importance.  The  discussion  had 
turned  largely  on  the  mode  in  which  large  warehouses 
and  public  buildings  should  be  constructed,  and 
happily  those  were  more  or  less  under  the  control  of 
the  local  authorities,  and  as  Mr.  Collins  had  pointed 
out  certain  regulations  as  to  area,  height,  &c.,  had 
been  laid  down,  which  were  of  the  greatest  importance. 
In  any  case,  they  were  greatly  indebted  to  Mr. 
Potter  for  his  excellent  paper,  though,  no  doubt, 
what  he  had  chiefly  in  mind  was  the  prevention  of 
running  up  jerry  buildings  in  suburban  localities,  in 
such  a way  that  they  would  burn  like  tinder,  if  once 
a fire  started  as  Mr.  Gamble  could  probably  testify. 

The  vote  of  thanks  was  carried  unanimously. 

Mr.  Potter,  in  reply,  said  many  of  the  points 
mentioned  by  Mr.  Collins  did  not  really  arise  on  the 
]iaper,  which  was  intended  to  refer  only  to  domestic 
buildings.  With  regard  to  the  depth  of  the  floors, 
they  need  not  exceed  10  inches,  including  the  wooden 
ceiling,  and  you  could  not  have  less  with  wood.  If 
the  suspended  ceiling  were  used,  air  could  be  intro- 
duced between  the  ceiling  and  the  roof ; and  in  case 
of  fire,  the  heated  air  could  escape  through  apertures 
in  the  walls.  He  believed  all  those  little  difficulties 
could  be  got  over. 


Miscellaneous. 


CARPET  MAKING  IN  JAPAN. 

A Japanese  industry  which  employs  a large  number 
of  hands,  and  chiefly  children,  is  carpet  making.  In 
Japan  the  carpet  is  a modern  luxury.  Before  the 
days  of  foreign  trade,  cotton  carpets  with  a long  pile 
an  inch  in  length,  in  imitation  of  the  Chinese  article, 
were  made  in  small  quantities,  and  when,  after  the 
signing  of  the  foreign  treaties,  European  goods  began 
to  be  introduced,  carpets  greatly  took  the  Japanese 
fancy.  Mr.  Byron  Brenan,  in  a recent  report  to  the 


Foreign-office,  says  that  the  carpet  makers  of  .Sakai." 
the  chief  seat  of  the  industry,  situated  about  six  miles 
from  Osaka,  took  hints  from  the  foreign  articles,  and 
in  course  of  time  improved  so  much  upon  their  earlier  | 
processes,  that  already  in  1878  cotton  and  jute  caipets 
began  to  be  exported  to  Europe  and  America.  The  1 
trade  has  now  grown  to  large  proportions,  and  it  , 
affords  one  instance  of  the  Japanese  being  able  to 
beat  those  from  whom  they  learnt.  Carpet  making 
affords  a striking  example  of  the  successful  com- 
petition between  cheap  labour  and  machinery.  At 
Sakai  there  is  no  large  factory,  the  hand-looms  are  ' 
distributed  all  over  the  town,  and  the  carpet  dealers- 
supply  the  material  and  pay  the  workers  by  the  piece. 

In  each  house  there  may  be  three  or  four  looms, 
ranging  from  3 to  24  feet  wide.  To  each  loom  there 
are  from  two  to  four  children,  with  a grown-up  person 
superintending  the  work.  With  incredible  speed  the 
children,  some  of  them  as  young  as  seven,  pass  the 
yarn  in  and  out  of  the  warp  and  snii>  off  the  right 
length  with  a pair  of  spring  clippers.  They  are  all  , 
kneeling  at  their  work  on  a plank  laid  at  the  foot  of 
a loom,  and  they  slide  backwards  and  forwards  along 
their  allotted  share  of  the  design.  As  their  little 
fingers  pass  the  yam  in  and  out  of  the  cotton  threads,  ! 
these  small  children  sing  a sort  of  nursery  rhyme 
which  helps  them  to  remember  the  pattern,  and  at  . 
intervals  the  woman  in  charge  leads  off  a new  verse, 
which  the  children  at  once  take  up,  and  simultaneously 
effect  the  change  suggested  by  the  new  music  and 
the  words.  They  work,  or  at  least  are  at  their  work, 
for  twelve  hours  a day,  and  their  wages  come  to  about 
one  penny  a day.  The  price  of  a rug  made  of  cotton 
or  hemp  depends  upon  the  number  of  threads  in  warp  , 
and  woof;  about  250  threads  to  a yard  is  the  average  , 
quality.  Woollen  carpets  are  being  manufactured,  | 
but  in  price  they  seem  far  to  exceed  similar  carpets 
made  in  North  China  without  a corresponding  im- 
provement in  quality.  Australian  w^ool  is  used,  Avhich  ; 
of  course  is  much  dearer  than  the  Mongolian  wool. 
Small  silk  carpets  are  also  being  made,  but  the 
demand  for  these  is  limited  ; they  cost  as  much  as 
£i  sterling  per  square  foot;  for  a carpet  of  any 
given  dimension  90  times  the  labour  is  required  as  in 
the  case  of  a hempen  carpet.  Three  hands  wdll  make 
an  ordinary  hemp  or  wool  rug,  3 by  6 ft.,  in  one  day, 
and  it  would  take  the  same  w’orkers  three  months  to 
make  the  silk  carpet.  The  number  of  carpet-weaving 
establishments  in  the  district  of  Osaka  is  nearly  2,000, 
producing  3,000,000  square  yards  of  carpets  in  the 
year,  and  in  them  are  employed  5,000  male  and  I3)000 
female  w^orkers. 


Correspondence. 

♦ 

THE  PURIFICATION  OF  SEWAGE  BY 
BACTERIA. 

I am  afraid  the  readers  of  this  Journal  will  be 
getting  rather  tired  of  the  discussion  on  the  above 
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\ subject ; nevertheless,  I would  ask  to  be  allowed  space 
' for  a few  further  remarks. 

In  the  first  place,  I must  thank  Mr.  Roechling  for 
drawing  my  attention  to  the  experiments  by  Dr.  A. 
Mueller,  made  in  1869,  but  published  only  in  1873, 
which,  I am  sorry  to  say,  I had  not  previously  heard 
I of ; it  is  a pity  that  this  paper  was  not  published  in  a 
journal  of  wider  circulation.  From  the  extracts  given, 
it  is,  however,  clear  that  Dr.  Mueller  had  fairly 
grasped  the  fact  that  the  destruction  of  the  organic 
matters  in  sewage  was  due  to  the  action  of  organisms. 
He  seems,  however,  to  have  considered  it  to  be 
mainly  a process  of  hydrolysis,  and  he  does  not 
appear  to  have  then  contemplated  its  practical  appli- 
cation to  the  purification  of  sewage. 

Mr.  Kingzett’s  extracts  from  publications  of  his  own 
are  mainly  generalities  with  no  direct  bearing  on  the 
purification  of  sewage. 

I quite  agree  with  Dr.  Rideal  that  in  many  cases 
the  process  of  purification  of  sewage  by  bacteria  takes 
place  in  two  stages,  but  he  has  not,  I think,  proved 
that  such  is  always  the  case.  Does  sewage  which  is 
destroyed  by  admixture  with  a large  volume  of 
aerated  water,  or  by  filtration  through  an  efficient 
oxidizing  bacteria  filter,  pass  through  these  two 
stages  If  so,  how  is  this  shown  } So  far  it  is,  how- 
ever, evident  that  sewage  cannot  be  finally  disposed 
of  by  hydrolitic  processes  alone,  and  the  practical 
problem  is  : How  best  to  divide  the  work  if  division  is 
necessary  between  the  two  agencies  in  question,  so  as 
to  obtain  the  desired  result  in  the  cheapest  and  most 
perfect  manner.  One  word  more.  Whoever  may 
lay  claim  to  having  started  the  idea  of  the  purification 
of  sewage  by  bacteria,  it  is  but  fair  to  say  that  the 
question  assumed  great  practical  importance  only 
when  Mr.  Dibdin  began  his  experiments  on  a large 
scale  at  Barking  and  Sutton  in  1891  and  1892 
respectively. 

A.  Dupre. 
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General  Notes. 


♦ 


Italian  Wine  Production.  — According  to 
■statistics  furnished  by  the  Italian  provincial 
luthorities,  the  wine  harvest  of  Italy,  in  1897, 
s estimated  at  586,487,000  gallons,  as  compared 
.vith  624,726,000  gallons  in  1896  ; a falling  off  of 
58,239,000  gallons.  It  should,  however,  be  borne 
n mind  that  the  figures  for  1897  are  approximate  only, 
ind  liable  to  modification.  The  following  shows  the 
imount  of  wine  produced  last  year  in  the  various 
listricts  of  Italy,  compared  with  those  for  1896  : — 


Piedmont 

Lombardy 

Venetia 

Liguria 


Gallons. 

1897. 

72.201.800 

20.941.800 
18,062,000 

7,092,800 


Gallons. 

1896. 

57,636,700 

21,986,492 

21,886,040 

5,326,200 


231 


Gallons. 

Gallons. 

Marches  and 

1897. 

1896. 

Umbria 

62,946,400 

..  42,527,30a 

Emilie 

29,847,400 

..  43,710,92a 

Tuscany 

50,608,800 

. . 62,599,46a 

Latium 

Southern 

30,804,400 

..  24,643,74a 

Adriatic 
Southern  Medi- 

127,039,000 

..  144,991,00a 

teiranean  . . 

72,564,800 

..  82,872,90a 

Sicily  . . 

77,981,200 

..  103,141,28a 

Sardinia 

16,396,600 

13,404,16a 

MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  Evenings,  at  8 o’clock  ; — 

February  2. — “The  Cinematograph.”  By  Jules 
Fuerst.  Captain  W.  de  W.  Abney,  C.B., 
F.R.S.,  will  preside. 

February  9. — “Compensation  to  Workmen.”  By 
A.  D.  Provand,  M.P. 

February  16. — “The  Protection  of  Industrial 
Property.”  By  J.  F.  Iselin,  M.A.,  LL.iM. 

February  23. — “ Children’s  Sight.”  By  R» 
Brudenell  Carter,  F.R.C.S. 

March  2. — “Kites  : their  Theory  and  Practice.”’ 
By  Captain  B.  F.  S.  Baden-Powell. 

March  9. — “ Linde’s  Method  of  Producing  Ex- 
treme Cold  and  Liquefying  Air.”  By  Professor  J, 
A.  Ewing,  F.R.S. 

March  16. — “ The  Recent  History  of  Paper- 
making.” By  Clayton  Beadle. 

March  23. — -“  The  Preparation  of  Meat  Extracts.”" 
By  C.  R.  Valentine. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock 

February  17. — “The  Plague  in  Bombay.”  By 
Herbert  Mills  Birdwood,  C.S.I.,  M.A.,  LL.D., 
(late  Governor’s  Council,  Bombay).  The  Right  Hon» 
Earl  Spencer,  K.G.,  will  preside. 

March  10. — “India  and  Sir  Henry  Blaine.” 
By  Charles  Lewis  Tupper,  C.S.I.  The  Right 
Hon.  Sir  Mountstuart  Elphinstone  Grant 
Duff  will  preside. 

March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S. 

April  21. — “ The  Rise,  Progress,  and  Present 
Position  of  the  Native  Press  of  Western  India.”  By 
R.  P.  Karkaria  (of  Bombay). 

April  28. — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E.,. 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 

The  meetings  of  February  17,  and  March 
31,  will  be  held  at  the  Imperial  Institute  ; 
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those  of  March  lo,  April  21,  April  28,  and 
May  19  at  the  Society  of  Arts. 

I’  Foreign  and  Colonial  Section. 
Tuesday  Afternoons,  at  4.30  o’clock  ; — 
February  15. — “ The  Goldfields  of  Klondyke  and 
British  Columbia.”  By  W.  Hamilton  Merritt. 
Sir  Charles  Malcolm  Kennedy,  K.C.M.G., 
C.B.,  will  preside. 

March  15.— ‘‘The  African  : what  he  is,  and  what 
he  is  capable  of  becoming.”  By  the  Rev.  Godfrey 
Dale  (Universities  Mission  to  Central  Africa). 

April  5.— “The  Sugar  Industry  in  the  West 
Indies.”  By  T.  R.  Tufnell. 


Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock: — • 

February  22. — “The  Regalia  of  England.”  By 
Cyril  Davenport.  Sir  George  Birdwood, 
K.C.I.E.,  C.S.I.,  will  preside. 

March  8. — “ The  Making  of  a Stained  Glass 
Window.”  By  Lewis  Foreman  Day. 

March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B. 

April  26. — “ The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  10. — “The  Art  of  William  Morris.”  By  E. 
S.  Ellis. 

May  17. — “Practical  Points  in  Italian  Majolica 
Painting.”  By  William  Burton,  F.C.S. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Cyril  Davenport,  “ Decorative  Book- 
binding.” Three  Lectures. 

Lecture  II.— January  31. — Decorative  book- 
binding in  Continental  Europe,  chiefly  Italy,  Erance, 
and  Germany,  from  the  i6th  to  the  i8th  centuries 
inclusive,  with  some  notice  of  Oriental  bindings. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Jan.  31  ...  SOCIETY  OF  ART.S,  John-street, 
Adciphi,  V'.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Cyril  Da^'enport,  “Decorative  Bookbinding.” 
(Lecture  II.) 

Farmers’  Club,  Salisbury-square  Hotel,  Fleet-street, 
E.C.  4 p.m.  Mr.  H.  I.e  Roy  Lewis,  “The  Supple- 
mentary Report  of  the  Royal  Commission  on 
Agriculture.” 

Imperial  Institute,  South  Kensington,  p.m.  Mr. 

Harry  de  V'itt,  “ Klondike.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8J  p.m.  Mr.  H.  S.  H.  Cavendish, 
“ Through  Somaliland  to  Lake  Rudolf.” 
Actuaries,  .Staples-inn-hall,  Holborn,  7 pm. 


London  Institution,  Finsbur3’-circus,  E.C.,  5 p.m 
Prof.  G.  B.  How'es,  “ The  Position  of  the  ilammali; 
in  the  Animal  Series.” 

Tuesday,  Feb.  i...Ro3’al  Institution,  Albemarle-street,  W.^ 
3 p.m.  Professor  E.  Ra>’  Lankester,  “The Simples) 
Living  Things.”  (Lecture  III.) 

Central  Chamber  of  Agriculture  (at  the  House  oi| 
THE  Society  of  Arts),  ii  a.m. 

Civil  Engineers,  25,  Great  George-street,  S.W. 

8 p.m.  Discussion  on  Mr  W.  L.  Strange’s  Paper' 
“ Reservoirs  with  High  Earthen  Dams  in  Westerr 
India.” 

Biblical  Archmology,  37,  Great  Russell-street,  W.C. 

8 p.m. 

Zoological,  3,  Hanover-square,  W.,  8^  p.m.  i.  Mr 
G.  A.  Boulenger,  “A  Collection  of  Fishes  from  th(| 
Rio  Jurua,  Brazil.”  2.  Mr.  F.  E.  Beddard,  “Th(| 
Anatomy  of  an  'Australian  Cuckoo,  Scythrop: 
novce-hollandi(e."  3.  Dr.  A.  G Butler,  “ A Col- 
lection of  Lepidoptera  made  by  i\Ir.  F.  V.  Kirby 
chiefly  in  Portuguese  East  Africa.” 

Colonial  Inst.,  Northumberland  - avenue,  S.W. 
4I  p.m.  Mr.  E.  R.  Calthrop,  “ Light  Railway's.” 

Wednesday,  Feb.  2. ..SOCIETY  OF  ARTS,  John-street 
Adelphi,  W.C.,  o p.m.  Mr.  Jules  Fuerst,  “The 
Cinematograph.” 

Geological,  Burlington-house,  W.,  8 p.m. 

Archmological  Association,  32,  Sackville-street,  W. 

8 p.m. 

Obstetrical,  20,  Hanover-square,  W.,  8 p.m. 

Thursday,  Feb.  3. ..Royal,  Burlington-house,  W.,  4J  p.m. 

Antiquaries,  Burlington-house,  W.,  81  p.m. 

Linnean,  Burlington-house,  W.,  8 p.m.  i.  Mr.  G 
C.  Crick,  “ The  Aluscular  Attachment  of  thcl 
Animal  to  its  Shell  in  some  fossil  Cephalopida’ 
(Ammonoidea).  2.  Mr.  AY.  C.  AA'orsdell,  “ Thd 
Comparative  Anatomy  of  certain  Genera  o 
Cycadacea.” 

Chemical,  Burlington  - house,  AY.,  8 p.m.  i. 
Mr.  E.  Sonstadt,  “ Dissociation  of  Potassiurr 
Platinichloride  in  Dilute  Solution,  and  the  Pro- 
duction of  Platinum  Monochloride.”  2.  Drs 
Percy  Frankland  and  Thomas  Stewart  Patterson 
“ Effect  of  the  Mono-,  Di-,  and  Tri-chloracety ■ 
Groups  on  the  Rotatory  of  Methylic  and  EthylicI 
Glycerates  and  Tartrates.”  3.  Drs.  Perej 
Frankland  and  Andrew  Turnbull,  “The  Rotation 
of  Ethylic  and  Methylic  Di-monochloracetyl- 
tartrates.”  4.  Air.  H.  J.  H.  Fenton,  “Thc| 
Volumetric  Estimation  of  Sodium.” 

London  Institution,  Finsbury-circus,  E.C.,  6 p.m 
Mr.  R.  Kearton,  “Haunts  and  Habits  of  British' 
Birds.” 

Ro^’al  Institution,  Albemarle-street,  AA'.,  3 p.m. 
Prof.  Dewar,  “ The  Halogan  Group  of  Elements.’' 
(Lecture  II.) 

Camera  Club,  Charing-cross-road,  AA'.C.,  8^  p.m. 
Air.  P.  AA^.  Ames,  “Physiology  of  Thought  andj 
Alemory.” 

Frid.uy,  Feb.  4. ..Royal  Institution,  Albemarle-street,  8 p.m. 

Weekly  Aleeting.  g p.m.  Air.  A.  Campbell  Swin- 
ton,  “ Some  New  Studies  in  Cathode  and  Rdntgcn 
Radiations.”  | 

Geologists’  Association,  University  College,  AV.C., 
p.m.  Annual  Aleeting.  President’s  Address' 
on  “Palaeolithic  Alan.” 

Junior  Engineers,  Westminster  Palace  Hotel,  S.AA". 
8 p.m.  Air.  L.  H.  Walter,  “Electromagnetic! 
Brakes  and  their  Capabilities.”  j 

Quekett  Alicroscopical  Club,  20,  Hanover-squarej 
W.C. ,8  p.m.  I 

S.YTURD.4Y,  Feb.  5. ..Royal  Institution,  Albemarle-street 
W.,  3 p.m.  Prof.  Patrick  Geddes,  “ Cyprus. ’| 
(Lecture  HI.) 
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Notices. 


CANTOR  LECTURES. 

On  Monday  evening-,  31st  inst.,  Mr.  CYRIL 
Davenport  delivered  the  second  lecture  of  his 
course  on  “ Decorative  Bookbinding,”  -which 
was  illustrated  by  a series  of  lantern  slides 
of  French,  Italian,  Spanish,  and  Portuguese 
Bookbindings. 

The  lectures  will  be  published  in  the  Journal 
during  the  summer  recess. 

I 

EXHIBITION  OF  BOOKBINDINGS, 

An  Exhibition  of  Foreign  and  English 
Ornamental  Bindings  is  now  open  in  the 
Reading  Room  of  the  Society  of  Arts,  and 
will  remain  open  daily  until  Monday  evening, 
February  7th.  Hours  : 10  to  5 p.m.,  and  on 
the  evening  of  Monday  from  6 to  9. 

Members  can  admit  their  friends  by  the  use 
of  the  usual  meeting  tickets  supplied  to  mem- 
bers. There  will  be  no  restriction  as  to  the 
number  of  tickets. 

A Catalogue  of  the  Collection  has  been 
printed,  and  can  be  obtained  on  application. 

Non-members  of  the  Society  can  obtain 
cards  of  admission  on  application  to  the 
Secretary,  Society  of  Arts,  John  - street, 

I Adelphi,  W.C. 


Proceedings  of  the  Society. 

♦ 

FOREIGN  eP  COLONIAL  SECTION 

Tuesday,  January  18,  1898;  Maj.-Gen.  SiR 
Owen  Tudor  Burne,  G.C.S.I.,  K.C.I.E., 
Chairman  of  the  Council,  in  the  chair. 

The  paper  read  was — 


MY  RECENT  JOURNEY  FROM  THE 
NILE  TO  SUAKIM. 

By  Frederic  Villiers. 

The  Advance  to  Khartoum. 

'J'he  recent  campaign  in  the  .Sudan  was  a 
bloodless  one  to  the  correspondents  with  the 
expedition,  or,  rather,  on  the  tail  of  the  advance. 
Yet  I think,  in  spite  of  this  little  drawback, 
there  is  enough  in  the  vicis  situdes  of  my  col- 
leagues and  myself  during  the  recent  advance 
of  the  Egyptian  troops  up  the  Nile  to  warrant  me 
addressing  you  this  afternoon.  Especially  as 
towards  the  end  of  the  cam  paign  the  Sirdar,  or 
Commander-in-Chief  of  the  Egyptian  Army,  Sir 
Herbert  Kitchener,  became  more  sympathetic 
with  our  endeavours  to  get  good  copy  for  our 
journals,  and  allowed  us  to  return  home  by  the 
old  trade  route  of  the  Eastern  Sudan,  over 
which  no  European  had  passed  since  the  revolt 
of  the  Eastern  tribes  in  1883.  Unfortunately, 
the  period  for  campaigning  in  the  Sudan  is  in 
the  hottest  months  in  the  year,  on  the  rising  of 
the  Nile  at  the  end  of  July,  when  the  cataracts 
begin  to  be  practicable  for  navigation.  At  the 
same  time,  in  spite  of  the  heat,  it  is  the 
healthiest  period,  for  the  water,  in  its  brown, 
muddy,  pea  soup  state,  iswholesomer  to  drink, 
and  the  banks  of  the  river  which,  when  ex- 
posed at  low  Nile  give  off  unhealthy  exhala- 
tions, are  protected  from  spreading  fever  germs 
by  the  flood.  To  show  you  how  much  the 
people  of  Egypt  depend  for  their  very  existence 
on  this  extraordinary  river,  the  average 
difference  between  high  and  low  Nile,  giving 
favourable  results,  is  26  feet.  Twenty-eight 
feet  would  cause  serious  damage  by  inunda- 
tion, and  the  Nile  as  low  as  20  feet  would 
create  a famine.  The  flood  of  the  river 
depends  entirely  on  the  equatorial  rains  which 
cause  the  Upper  White  Nile  to  rise  in  April 
and  the  Blue  Nile  early  in  June.  The  muddy 
Atbara,  joining  her  two  sisters  about  the  same 
time  sends  the  flood  down  to  Lower  Egypt 
towards  the  end  of  August  at  the  rate  of  100 
miles  a day.  The  Blue  Nile  in  the  middle  of 
September  falls  rapidly  away,  while  the  Atbara 
leaves  the  trio  in  October.  The  White  Nile  is 
then  left  by  herself  to  recede  slowly  and 
steadily  from  a current  of  four  knots  an  hour  to 
a sluggish,  and  in  many  parts,  an  unwholesome 
stream.  Flies  and  mosquitos  increase,  and 
fever  is  rife. 

I arrived  in  Cairo  on  a sweltering  day  in 
July,  and  found  four  colleagues,  who  had  been 
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waiting  for  a week  the  Sirdar’s  permission  to 
proceed  to  the  front,  still  waiting.  Luckily, 
the  day  after  my  arrival  a telegram  came  from 
headquarters,  saying  “ that  we  might  proceed 
as  far  as  Assouan  and  there  await  further 
orders.”  This,  anyhow,  was  a move  in  the 
right  direction,  so  we  at  once  started.  It  was 
rather  a bustle  for  me  to  get  things  ready,  for 
Sunday  blocked  the  way,  and  little  could  be 
done,  even  on  that  day,  in  Cairo.  I procured 
a servant,  a horse,  and  two  cases  of  stores,  for 
the  cry  was  “ nothing  to  he  had  up  country  in 
the  shape  of  food  ; hardly  sufficient  sustenance 
to  keep  the  flies  alive.”  My  colleagues,  who 
had  the  start  of  me,  were  able  to  procure  many 
luxuries — a case  of  cloudy  ammonia  for  their 
toilet,  and  one  of  chartreuse,  komel,  and  bene- 
dictine  to  make  their  after  dinner  coffee 
palatable,  and  some  plum  pudding,  if  Christmas 
should  still  And  them  on  the  war-path,  were  a 
few  of  the  many  items  that  made  up  the  trous- 
seau of  these  up-to-date  war  correspondents, 
though  at  least  one  of  them  had  been  wedded 
to  the  life  for  many  years.  Unfortunately,  I 
had  no  time  to  procure  these  luxuries,  and  I 
had  to  proceed  ammonialess  and  puddingless 
to  the  seat  of  war.  My  comrades  were  quite 
right ; why  not  do  yourself  well  if  you  can  ? 
One  of  them  even  went  in  for  the  luxury  of 
having  three  shooting  irons,  two  revolvers,  and 
a double-barrel  slug-pistol,  so  that  when  either 
of  the  weapons  got  hot  while  he  was  holding 
Baggara  horsemen  at  bay,  there  was  always 
one  cooling,  ready  to  hand.  He  also,  which  I 
believe  is  a phenomenal  record  with  any  cam- 
paigner, took  with  him  thirteen  pairs  of  riding 
breeches,  a half  dozen  razors,  and  an  ice 
machine.  Even  our  Commander-in-Chief, 
when  campaigning,  denies  himself  more  than 
two  shirts,  and  never  travels  with  ice  machines. 
But  the  thirteen  pair  impressed  me  consider- 
ably, Why  thirteen,  more  than  fifteen,  or  any 
other  number  ? I came  to  the  conclusion  that 
my  colleague  must  certainly  be  a member  of 
that  mystic  body  the  “Thirteen  Club,”  and 
as  he  had  to  bring  in  the  odd  number  some- 
where to  keep  the  club  fresh  in  his  memory, 
he  occasionally  sat  upon  it. 

I found,  after  all,  there  was  some  wisdom  in 
his  eccentricity,  for,  when  riding  the  camel, 
mounted  on  the  rough  saddle  of  the  country,  I 
often  wished  that  I had  my  friend’s  forethought, 
and  I should  have  been  glad  to  have  supple- 
mented mine  with  his  odd  number.  No  doubt 
my  colleague’s  idea  in  having  such  a variety 
of  nether  garments  was  to  use  them  respec- 
tively, on  a similar  principle  to  the  revolvers 


when  he  rode  in  hot  haste  with  his  vivid  i 
account  of  the  latest  battle  to  the  telegraph  ! 
office. 

But,  unfortunately,  this  recent  campaign  did  ! 
not,  after  all,  necessitate  these  elaborate  ' 
preparations,  for  there  were  no  dervishes  for 
us  to  shoot  at  or  descriptions  of  bloody  battles 
to  be  telegraphed.  At  all  events,  the  cloudy 
ammonia  and  the  thirteen  breeches,  with  the 
assistance  of  a silken  sash — a different  colour 
for  each  day  of  the  week— made  the  brightest 
and  smartest  looking  little  man  in  camp. 
However,  when  I reflect  on  this  new  style  of 
war  correspondent,  who,  I forgot  to  mention, 
also  carried  with  him  two  tents,  a couple  of 
beds,  sundry  chairs  and  tables,  a silver- 
mounted  dressing  case,  two  baths,  and  a gross 
of  toothpicks,  and  I think  of  the  severe 
simplicity  of  the  old  st}de  of  campaigning  when 
a famous  correspondent  who  is  still  on  the  war- 
path, and  who  always  sees  the  fighting  if 
there  be  any,  on  one  arduous  campaign  took 
with  him  the  modest  outfit  of  a tooth  brush 
and  a cake  of  carbolic  soap.  I joyfully  feel 
that  with  the  younger  generation  our  profession 
is  keeping  pace  with  the  luxury  of  the  times. 

From  Berber  to  Suakim. 

Towards  the  end  of  the  campaign  four  col- 
leagues— Messrs.  Knight,  Gwynne,  Scudamore, 
Maud — and  myself,  took  this  opportunity  of 
traversing  a country  very  little  known  to  the 
outside  world,  and  a route  which  no  European 
had  followed  for  fourteen  years,  from  Berber 
to  Suakim.  Moreover,  there  was  a spice  of 
adventure  about  it ; there  was  an  uncertainty 
regarding  an  altogether  peaceful  time  on  the 
way — a contingency  which  always  appeals 
strongly  to  Englishmen  of  a roving  and  adven- 
turous disposition.  Only  quite  recently  raids 
organised  by  the  apparently  irrepressible 
Osman  Digna  had  been  successfully  carried 
out  a few  miles  north  and  south  of  Berber.  At 
the  moment  General  Hunter,  with  two  bat- 
talions of  troops,  was  marching  along  the 
banks  of  the  River  Atbara  to  hunt  for  Osman 
and  his  followers,  but  there  was  much  specula- 
tion as  to  whether  five-and-twenty  Dervish 
raiders  were  still  this  side  of  the  river,  and 
drawing  their  water  from  the  wells  on  the 
Suakim  road. 

I was  hardly  prepared  for  this  journey — one,  i 
probably,  of  twelve  days — for  my  campaigning  | 
outfit,  which  I was  compelled  to  leave  on  board  i 
my  nugger  on  the  Nile,  had  not  yet  arrived  in 
Berber.  Unfortunately,  I could  not  wait  for  , 
the  gear,  as  the  Sirdar  insisted  on  our  departure  j 
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at  once,  for  the  road  would  be  certainly  insecure 
directly  General  Hunter  returned  from  covering 
our  right  flank  on  the  Atbara.  I had  no  clothes 
but  what  I stood  up  in,  and  I had  been  more 
or  less  standing  up  in  them  without  change  for 
the  last  two  weeks. 

Our  caravan  of  nineteen  camels,  with  two 
young  ones,  quite  babies,  following  their 
mothers,  and  a couple  of  donkeys,  about 
seven  in  the  evening  of  the  30th  of  October 
quitted  the  mud-baked  town  of  Berber,  sleeping 
in  the  light  of  a new  moon,  and  silently  moved 
across  the  desert  towards  the  Eastern  Star, 
Next  morning  at  the  Morabeh  Well,  six  miles 
from  Berber,  our  camels  having  filled  them- 
selves up  with  water,  and  our  numerous  girbas, 
or  water-skins,  being  charged  with  the  precious 
liquid — till  they  looked  as  if  they  were  about  to 
burst — our  loads  were  packed,  and  we  started 
on  a journey  of  fifty-two  miles  before  the  next 
water  could  be  reached. 

We  made  quite  a formidable  show  trailing 
over  the  desert.  Probably  it  would  have  been 
more  impressive  if  our  two  donkeys  had 
restrained  their  ambition,  and  kept  in  the 
rear  instead  of  leading  the  van.  But  animals 
mostly  have  their  own  way  in  these  parts,  and 
asses  are  no  exception  to  this  rule.  The  two 
baby  camels  commenced  “ grousing  ” with 
their  elders  directly  we  halted  or  made  a fresh 
advance ; they  probably  had  an  inkling  of 
what  was  in  store  for  them.  After  all,  the 
world  must  seem  a hard  and  unsympathetic 
place  when,  having  only  known  it  for  two  or 
three  weeks,  you  are  compelled  to  make  a 
journey  of  240  miles  to  keep  up  with  your  com- 
missariat, One  of  these  babies  was  only  in  its 
eighteenth  day.  In  spite  of  its  tender  youth 
the  little  beast  trotted  by  the  side  of  its  mother, 
refreshing  itself,  whenever  we  came  to  a halt, 
with  a pull  from  her  teats,  and,  to  the  astonish- 
ment of  all,  arrived  in  Suakim  safe  and  sound 
after  twelve  days’  marching. 

To  the  uninitiated  regarding  the  “ grousing  ” 
of  camels,  I should  explain  that  it  is  a peculiar 
noise  which  comes  from  their  long  funnel  necks 
early  or  late,  and  for  what  reason  it  is  difficult 
to  tell.  Sometimes  the  sound  is  not  unlike  the 
bray  of  an  ass,  occasionally  it  reaches  the  dignity 
of  the  roar  of  a lion,  with  the  bleating  of  a goat 
thrown  in,  then  as  quickly  changes  to  the  solem- 
nity of  a church  organ.  It  is  altogether  so 
strange  a sound  that  nothing  but  a phonograph 
could  convey  any  adequate  idea  of  it.  It  is  a 
thing  to  be  heard.  No  pen  can  properly 
describe  it.  After  a long  march,  and  when 
you  are  preparing  to  relieve  the  brute  of  his 


load,  he  begins  to  grouse.  When  he  is  about 
to  start  in  the  morning  he  grouses.  If  you  hit 
him  he  grouses  ; if  you  pat  his  neck  gently  he 
grouses  ; if  you  offer  him  something  to  eat  he 
grouses  ; and  if  you  twist  his  tail  he  makes  the 
same  extraordinary  noise.  The  camel  evidently 
has  not  a large  vocabulary,  and  he  is  compelled 
to  express  all  his  various  sensations  in  this 
simple  manner. 

The  first  part  of  our  journey  was  monotonous 
enough,  miles  and  miles  of  weary  sandy  plains, 
with  alternate  stretches  of  agabas  or  stony 
deserts,  scored  with  shallow  depressions, 
where  torrential  rains  had  recently  soaked 
into  the  sand,  leaving  a glassy,  clay-like 
surface,  which  had  flaked  or  cracked  into  huge 
fissures  under  the  heat  of  the  fierce  sun.  And 
at  every  few  hundred  yards  we  came  to  patches 
of  coarse  camel  grass,  which  had  evidently 
cropped  up  on  the  coming  of  the  rain,  and,  by 
its  present  aspect,  seemed  to  feel  very  sorry 
that  it  had  been  induced  to  put  in  an  appear- 
ance, for  its  sustenance  was  now  fast  passing 
into  vapour,  and  its  green  young  life  was 
rapidly  dying  out  as  the  sun  scorched  the 
tender  shoots  toff  he  roots.  But  camels  thrive 
on  this  parched-up  grass,  and  our  brutes 
nibbled  at  it  whenever  one  slackened  the 
head-rope. 

We  traversed  the  dreary  plain,  marked  every 
few  yards  by  the  bleached  bones  of  camels 
fallen  by  ths  way  ; the  only  living  thing  met 
with  for  two  days  being  a snake  of  the  cobra 
type  trailing  across  our  path.  The  evening  of 
the  second  day  we  camped  in  a long  wadi,  or 
shallow  valley,  full  of  mimosa  trees,  where  our 
camels  were  hobbled  and  allowed  to  graze. 
They  delighted  in  nibbling  the  young  branches 
of  these  prickly  acacias,  which  carry  thorns  at 
least  an  inch  in  length,  that  serve  excellenity 
well  for  toothpicks.  Yet  camels  seem  to  rejoice 
in  browsing  off  these  trees,  and  chew  up  their 
thorns  without  blinking.  This  I can  partly 
understand,  for  the  camel’s  usual  diet  of  dry 
coarse  grass  must  become  rather  insipid,  and 
as  we  sometimes  take  “ sauce  piquante  ” with 
our  cold  dishes,  so  he  tickles  his  palate  with 
one  inch  thorns. 

Climbing  ridge  after  ridge  of  the  dunes,  we 
at  last  saw  stretching  before  us  in  the  moon- 
light the  valley  of  Obak,  an  extensive  wadi  of 
mimosa  and  sunt  trees.  Our  guides  halted  on 
a smooth  stretch  of  sand,  and  I wondered  why 
we  were  not  resting  by  the  wells.  Near  were 
three  native  women  squatting  round  a dark 
object  that  looked  to  me,  in  the  faint  light  of 
the  moon,  like  a tray.  I walked  up  to  them. 
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thinking  they  might  have  some  grain  upon  it 
for  sale,  but  found  to  my  surprise  that  it  was  a 
hole  in  the  sand,  and  I realised  at  once  that 
this  must  be  a well.  One  of  the  women  was 
manipulating  a leather  bucket  at  the  end  of  a 
rope,  which,  after  a considerable  time  she 
began  hauling  up  to  the  surface.  It  was  about 
half  full  of  thick  muddy  water.  Further  on 
along  the  wadi  I now  noticed  other  groups  of 
natives  squatting  on  the  sand,  doing  sentinel 
over  the  primitive  wells.  I never  came  across 
a more  slovenly  method  of  getting  water.  The 
mouths  of  the  holes  were  not  banked  or  pro- 
tected ; a rain-storm  or  sand-drift  at  any 
moment  might  have  blocked  them  for  a con- 
siderable period. 

Not  being  able  to  get  water  for  the  camels 
was  a serious  matter,  as  our  animals  were  not 
of  the  strongest,  nor  had  they  been  recently 
trained  for  a long  journey  without  water.  This 
was  the  evening  of  the  third  day  from  Berber, 
and  many  of  the  poor  brutes  were  showing 
signs  of  w^eakness.  We  resolved,  therefore, 
to  hurry  on  at  once  to  the  next  well,  that  of 
Ariab  ; so  we  left  the  inhospitable  wadi,  and 
started  at  three  in  the  morning  on  our  next 
stretch  of  fifty-three  miles. 

These  night  marches  were  pleasant  enough  ; 
it  was  only  the  hour  or  two  before  dawn  when 
the  heaviness  of  sleep  troubled  us  ; but  just  as 
we  began  nodding,  and  felt  in  danger  of  falling 
off  our  camels,  the  keen  change  in  the  tempera- 
ture which  freshens  the  desert  in  the  early 
morning  braced  us  up,  and,  fully  awake,  we 
watched  for  the  coming  of  Venus.  As  she 
sailed  across  the  heavens,  she  fiooded  the 
desert  with  a warm  soft  light,  which  in  its 
luminosity  equalled  an  English  summer  moon, 
and  shortly  seemingly  following  her  guidance, 
the  great  fiery  shield  of  the  sun  stood  up  from 
the  horizon,  and  broad  day  swept  over  the 
plain. 

Towards  the  evening  we  found  ourselves  in 
a boulder-strewn  basin  amidst  rocky,  sterile 
hills,  evidently  the  off-shoots  and  spurs  of  the 
Jeb-el-Gharr,  which  stood  out  a purple  serrated 
mass  on  our  left,  and  here  we  saw  for  the  first 
time  for  many  a month  rain  clouds  piling  up 
above  the  rocky  heights.  Their  tops,  catching 
the  rosy  glow  from  the  declining  sun,  appeared 
in  their  quaint  forms  like  loftier  mountains  with 
their  snowy  summits  all  aglow.  This  was, 
indeed,  a grateful  sight  to  us  ; the  camels 
already  pricked  up  their  ears,  for  the  smell  of 
moisture  was  in  the  air.  We  knew  that  the 
end  of  our  waterless  journey  was  not  far  off, 
for  where  those  clouds  were  discharging  their 


precious  burdens  the  valley  of  Ariab  lay.  But 
many  a weary  ridge  of  black  rock  and  agaba 
must  still  be  crossed  before  our  goal  was 
reached. 

We  camped  at  six  that  evening  till  midnight, 
when  we  started  on  our  record  march.  Unfor- 
tunately at  this  time  my  filter  gave  out,  owing 
to  the  perishable  nature  of  the  rubber  tubing  ; 
the  remaining  water  in  our  girbas  was  foul  and 
nauseating  from  the  strong  flavour  of  the  skins. 

I resolved  to  try  and  hold  out  without  touching 
the  thick  greasy  fluid,  and  wait  till  the  wells  of 
Ariab  were  reached.  As  we  advanced,  the 
signs  of  water  became  more  and  more  apparent ; 
the  camel  grass  was  greener  down  by  the 
roots,  and  mimosa  and  sunt  trees  flourished  at 
every  few  hundred  yards.  When  morning  came, 
for  the  first  time  we  heard  the  chirruping  and 
piping  of  birds.  The  camels  increased  their 
pace,  and  all  became  eager  to  reach  our  desti- 
nation before  the  extreme  heat  of  the  day.  But 
pass  after  pass  was  traversed,  and  valley  after 
valley  crossed,  and  yet  the  wadi  of  Ariab,  with 
its  cool  deep  wells  of  precious  water,  was  still 
afar.  It  was  not  till  past  two  o’clock  in  the 
afternoon  that  a long  toilsome  defile  of  rugged 
rock  brought  us  on  the  edge  of  a steep  descent, 
and  before  us  lay  the  winding  Khor  of  Ariab, 
with  its  mass  of  green  fresh  foliage  throwing 
gentle  shadows  on  the  silver  sand  of  its  dry 
water-course.  It  seemed  an  age  as  we  traversed 
that  extended  khor  before  our  guide  pointed  to 
a large  tree  on  our  right,  and  said  ‘‘  Moja.” 
We  dismounted  under  the  shadow  of  its 
branches,  and  found  awaiting  us  the  sheikh  of 
the  valley,  who  pressed  our  hands  and  greeted 
us  in  a most  friendly  way;  but  I was  almost 
mad  with  thirst,  and  asked  for  the  well.  I was 
taken  to  a mound  a few  yards  from  our  retreat, 
on  the  sides  of  which  were  two  or  three  clay 
scoop-outs,  all  dry  but  one,  and  this  held  a few 
gallons  of  tepid  water,  from  which  camels  had 
been  drinking.  The  man  took  a gourd,  half 
filled  it,  and  offered  it  to  me  to  drink.  “ But 
the  well,  the  well!”  I cried.  “Oh!  that’s  a 
little  higher  up,”  said  he,  and  he  led  me  to  a 
wide  revetted  well  about  fifty  feet  deep,  at  the 
bottom  of  which,  reflecting  the  sky,  shone  the 
water  like  a mirror.  “ That’s  the  water  I 
want,”  said  I.  The  man  shook  his  head. 
“ You  can’t  drink  of  that  till  your  baggage 
camels  arrive  ; we  have  no  means  of  reaching 
it.”  I almost  groaned  aloud,  and  with  the 
agony  of  the  Ancient  Mariner  could  well  cry, 
“Water,  water  everywhere,  but  not  a drop  to 
drink.”  There  was  no  help  for  it.  I made 
my  way  back  to  the  shadow  of  the  tree,  threw 
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myself  on  my  blanket,  and,  racked  with  thirst, 
tried  to  wait  patiently  for  the  coming  of  the 
camel  men.  Fortunately,  the  sheikh  of  the 
well  was  inspired  with  hospitality,  and,  after  a 
while,  brought  us  some  fresh  milk  in  a metal 
wash-basin,  a utensil  which  he  evidently  pro- 
duced in  honour  of  our  visit.  I took  a long 
draught,  and  though  it  was  associated  with 
native  ablutions,  I shall  always  remember  it 
with  the  greatest  satisfaction.  We  camped  for 
24  hours  in  the  sylvan  vicinity  of  Ariab  wells — 
stretched  ourselves  in  the  broad  shadows  of  its 
mimosa  trees,  and  drank  of  and  bathed  in  its 
sweet  cool  waters. 

This  long  rest  improved  our  camels  wonder- 
fully. By-the-bye,  there  was  much  speculation 
between  two  of  our  party  regarding  the  be- 
haviour of  these  curious  animals  on  arriving  at 
the  wells  after  their  long  waterless  march.  A 
general  impression  was  that  for  the  last  few 
miles  the  camels  would  race  for  the  waters, 
and  thwart  all  endeavours  to  hold  them  in.  My 
experience  of  the  strange  beast  was  otherwise, 
and  subsequent  events  proved  that  I was  right. 
When  the  Hamleh,  as  we  christened  our  cara- 
van, arrived,  the  camels  quietly  waited  awhile 
after  their  burdens  were  taken  from  their 
humps.  Then,  as  if  an  afterthought  had 
struck  them,  they  slowly  approached  the 
scoop-outs  and  with  the  most  indifferent  air 
would  take  a mouthful  of  the  liquid,  then 
stiffening  their  necks  they  would  lift  their 
heads  and  calmly  survey  the  scenery  around 
them,  till  their  drivers  would  draw  their  atten- 
tion to  the  fact  that  there  was  at  least  another 
draught  of  water  in  the  pool.  It  should  be 
remembered  that  these  animals  had  just  come 
off  a continuous  journey  of  nearly  fifteen  hours 
without  a halt,  and  had  been  for  three  whole 
days  without  water. 

We  left  our  camping-ground  as  the  sun 
began  to  dip  behind  the  hills  shutting  in  the 
khor.  Our  way  now  lay  in  a more  north- 
easterly direction,  and  the  sun  threw  the  hills 
and  valleys  we  were  approaching  into  a mar- 
vellous medley  of  glorious  colour,  and  more 
than  one  of  us  regretted  that  we  had  not 
brought  our  colour-boxes  with  us.  Sometimes 
we  seemed  to  catch  a glimpse  of  the  heather- 
clad  Highlands  of  Scotland.  Then  a twist  in 
the  khor  we  were  traversing  suggested  the 
rugged  passes  of  Afghanistan.  Gazelle  and 
ariel  stole  among  the  foot  hills  or  stood  gazing 
at  us  as  near  as  a stone’s  throw.  One  of  our 
party,  Mr.  Gwynne,  commenced  stalking  a 
gazelle,  but,  darkness  setting  in,  the  beast 
got  away.  For  the  rest  of  the  journey  to 


Suakim,  however,  he  had  good  sport,  and 
saved  us  many  a time  from  going  hungry  with 
his  shooting  for  the  pot. 

About  34  miles  from  Ariab  we  came  to  one 
of  the  most  interesting  spots  of  the  whole 
journey — the  extensive  Valley  of  Khokreb, 
wherein  lay  the  deserted  dervish  dem,  or 
stronghold.  Here  some  followers  of  Osman 
Digna  used  to  levy  toll  on  all  caravans 
and  persons  moving  towards  Suakim,  or 
taking  routes  south.  The  dem  consisted  of  a 
number  of  well-built  tokuls,  or  straw  huts, 
standing  in  their  compounds,  with  stabling  for 
horses  and  pounds  for  cattle.  The  whole  was 
surrounded  with  a staked  wall,  in  front  of 
which  was  a zariba  of  prickly  mimosa  bush, 
to  stop  a sudden  onrush  of  an  enemy.  The 
place  was  intact,  but  there  was  not  a living 
soul  within  it,  or  in  the  vast  valley  in  which  it 
stood,  that  we  could  see.  In  fact,  our  whole 
journey  up  to  the  present  seemed  to  be  through 
a country  that  might  have  been  ravished  by 
some  plague  or  bore  some  fatal  curse.  As  the 
light  of  the  moon  prevailed,  we  came  upon  an 
extensive  plain  shelving  upward  towards  steep 
hills.  Specks  of  bright  light  stood  out  against 
the  distant  background,  and  we  presently 
found  that  the  moonlight  was  glinting  on 
spear  heads,  and  soon  a line  of  camels  crept 
towards  us,  and  marching  as  escort  was  a 
small  guard  of  Hadendowahs,  with  spear  and 
shield. 

We  found  the  convoy  to  be  a detachment  of 
a caravan  of  i6o  camel  loads  of  stores  sent 
from  Suakim  to  Berber  by  that  enterprising 
Greek,  Angelo,  of  the  former  town.  They  had 
been  on  the  road  already  eight  days,  having  to 
move  cautiously  owing  to  rumours  of  dervish 
activity,  but  had  arrived  so  far  safely.  We 
bivouacked  for  several  hours  in  the  W'adi  of 
Salalat,  which  was  quite  park-like  with  its  fine 
growth  of  sunt  trees. 

When  we  had  crossed  the  frontier  between 
Bisheren  and  Hadendowah  country,  we  were  in 
comparative  safety  regarding  any  molestation 
by  the  natives,  for  we  were  escorted  by  the  son 
of  the  sheikh  of  one  of  the  sub-tribes  of  the 
latter  country.  At  all  events,  I must  have 
been  a sore  temptation  for  any  evil-disposed 
Fuzzy  Wuzzy,  for  owing  to  my  camel  being 
badly  galled  by  an  ill-fitting  saddle,  I would 
find  myself  for  many  hours  entirely  alone  pick- 
ing my  way  by  the  light  of  the  moon,  the  poor 
brute  I was  riding  not  being  able  to  keep  pace 
with  the  rest.  All  the  following  da\'  our  route 
lay  over  stoney  plains  of  a bolder  type  than 
any  we  had  yet  seen,  and  when  in  the  heart  of 
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the  Hadendowah  hills  we  came  suddenly  upon 
a scene  in  its  weirdness  the  most  extraordinary 
and  most  appallingly  grand  I had  ever  seen. 
A huge  wilderness  lay  before  us  like  the  dry 
bed  of  a vast  ocean,  whose  waters  by  some 
subterranean  convulsion  had  been  sucked  into 
the  bowels  of  the  earth,  leaving  in  its  whirling 
eddies  the  debris  of  submarine  mountains 
heaped  up  in  rugged  confusion,  or  scattered 
over  its  sandy  bottom.  Porphyry  and  black 
granite  boulders,  in  every  conceivable  form 
and  size,  lay  strewn  over  the  plain.  Some- 
times so  fantastic  did  their  shapes  become, 
that  the  least  imaginative  of  our  party  could 
picture  the  gigantic  ruins  of  some  mighty 
citadel,  with  its  ramparts,  bastions,  and  tower- 
ing castle.  For  many  hours  we  were  traversing 
this  weird  and  desolate  valley,  and  when  the 
sun  cast  long  shadows  across  our  track  as  he 
sank  to  rest,  his  ruddy  light  falling  upon  the 
dark  boulders,  polished  with  the  sand  storms 
of  thousands  of  years,  stray  pieces  of  red 
granite  would  catch  his  rosy  glint,  and  sparkle 
like  giant  rubies  in  a setting  of  black  pearls. 

We  found  more  life  in  ten  miles  of  the 
Hadendowah  country  than  during  the  whole 
of  the  first  part  of  our  journey.  Flocks  of 
sheep,  goats,  and  oxen,  passed  us  coming  to 
the  wells,  or  going  to  some  pasturage  up  in  the 
hills,  but  few  natives  came  near  us,  and  there 
were  no  signs  of  habitation  anywhere.  The 
wells  we  now  passed  were  mere  water  holes 
similar  to  those  met  with  up  country  in 
Australia.  The  flocks  of  the  natives  would 
hurry  down  at  eventide  and  drink  up  all  the 
water  that  had  percolated  through  the  sand 
during  the  day,  befouling  the  pools  in  every 
conceivable  way.  Natives  seem  to  revel  in 
water  contaminated  by  all  kind  of  horrors. 
They  wash  the  sore  backs  of  their  camels, 
bathe  their  sheep,  and  drink  from  the  same 
pool.  At  one  large  hole  round  which  a number  of 
natives  were  filling  their  girbas  we  halted,  and 
procured  some  of  the  liquid  which  was  muddy 
and  tepid,  but  wholesomer.  A native  caravan 
had  camped  near  by  and  the  Hadendowah 
escort  of  spearmen  crowded  round  us. 

The  Fuzzy  Wuzzy  is  a much  more  pleasant 
object  when  seen  through  a binocular  than  when 
he  is  close  to  you,  his  frizzy  locks  are  generally 
clotted  with  rancid  butter,  his  slender  garment 
is  not  over  clean.  He  is  a very  plucky  indi- 
vidual as  we  know,  thrifty  and  lives  upon  next 
to  nothing,  but  many  live  upon  him.  Several 
grey-beards  came  up  to  salute  their  sheikh 
who  was  travelling  with  us,  and  this  they  did 
by  pressing  his  hand  many  times,  and  bowing- 


low,  but  they  glanced  at  us  with  no  amiable 
eyes,  and  sullenly  turned  away.  There  was 
no  absolute  discourtesy,  they  simply  did  not 
want  to  be  introduced.  Probably  they  remem- 
bered the  incident  at  Tamai,  where  many  of 
their  friends  were  pierced  with  British  bullets, 
so  they  slung  their  shields,  trailed  their  spears 
and  turned  away. 

My  camel  had  much  improved  by  gentle 
treatment  and  I was  able  to  ride  on  ahead  ; 
just  as  I neared  the  narrow  neck  of  the 
Tam.ai  Pass,  two  men  and  a boy  climbed 
down  towards  us  from  a small  guard-house, 
on  a lofty  rock  to  our  left.  My  camel  man 
and  I instinctively  came  to  a halt,  for  the 
manner  of  the  comers  who  were  fully  armed 
was  impressive.  They  confronted  us  and  im- 
mediately began  questioning  my  camel  men, 
after  much  altercation,  during  which  I quietly 
leant  over  my  saddle  and  unbuttoned  my 
revolver  case,  for  they  looked  truculent  and 
somewhat  offensive.  My  camel  man  mysteriously 
felt  about  his  waist  belt,  and  eventually  handed 
something  to  the  foremost  native,  whereat  he 
and  his  companions  turned  and  began  to 
reclimb  the  hill.  As  we  went  on  our  way,  I 
inquired  the  reason  of  the  men  barring  our 
path.  “Oh,”  my  man  said,  “it  is  simply  a 
question  of  snuff.”  “ Snuff,”  I exclaimed,  in 
astonishment,  “ Yes,  that  was  all  they  wanted, 
a little  tobacco  powder  to  chew.”  Here  was  a 
possible  adventure,  that  seemed  as  if  it  were 
going  to  end  in  smoke,  and  snuff  was  its 
finale. 

After  all  the  Suakim-Berber  road,  that  was 
looked  upon  as  full  of  dramatic  incident — for 
even  oui;  military  friends  in  Berber,  when  they 
bid  us  good-bye  said,  “ It  was  a very  sporting 
thing  to  do.  Great  Scott ! They  only  wished 
they  had  the  luck  to  come  along” — was  a high- 
way without  even  a highwayman  upon  it,  and 
apparently  for  the  moment  as  pleasantly  safe, 
minus  the  hostelries  en  route,  as  the  road  from 
London  to  York.  From  the  top  of  the  Tama 
Pass,  2,870  feet — though  of  the  same  name  not 
to  be  confounded  with  the  famous  battle  which 
took  place  further  south — we  began  to  make  a 
rapid  descent,  and  the  last  sixty  miles  of  our 
journey  were  spent  in  traversing  some  of  the 
most  lovely  mountain  scenery  I think  I have 
ever  visited.  Sometimes  one  might  be  passing 
over  a Yorkshire  moorland,  with  its  purple 
backing  of  hills,  for  the  sky  was  lowering  and 
threatened  rain.  Then  the  scene  would  as 
quickly  change  to  a Swiss  valley,  when  on 
rounding  the  base  of  a spur,  one  would  strike 
a weird,  volcanic-torn  country  whose  mountains 
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piled  up  in  utter  confusion  like  the  waves  of 
the  stormy  Atlantic  ; and  further  on  we  would 
come  out  upon  a plain  once  more  scattered 
with  gigantic  boulders  of  porphyry  and  trap, 
out  of  which  the  monoliths  of  ancient  Thebes 
might  have  been  fashioned. 

On  the  morning  of  the  tenth  day  out  from 
Berber  we  sighted  the  fort  and  signal  tow'er  of 
the  Egyptian  post  at  Tambuk,  on  a lofty  rugged 
rock,  standing  out  in  the  middle  of  an  immense 
khor.  This  was  practically  the  beginning  of 
the  end  of  our  long  journey,  and  here  we 
rested  a few  hours,  once  more  drinking  our 
fill  of  pure  sparkling  water  from  its  revetted 
wells. 

About  half  an  hour  in  a north-easterly 
direction,  after  a continual  descent  from  the 
Egyptian  Fort,  we  noticed,  at  intervals  between 
the  hills  in  front  of  us,  a straight  band  of  blue 
which  sparkled  in  the  sunlight.  At  this  sight 
I could  not  refrain  from  giving  a cheer — it  was 
the  Red  Sea  that  glistened  with  the  sun — for  it 
meant  so  much  to  us.  Across  its  shining 
bosom  was  our  path  to  civilisaiion  and  its 
attendant  comforts,  which  we  had  been  denied 
for  many  a month.  Night  found  us  steadily 
descending  towards  the  seaboard,  as  we  neared 
Otao,  in  the  vicinity  of  which  we  were  to 
bivouac  for  the  night.  My  camel  nearly 
stumbled  over  an  old  rusty  rail  thrown  across 
my  path,  and  further  on  I could  trace  in  the 
moonlight  the  dark  trail  of  a crazy  permanent 
way  with  its  rails  all  askew. 

We  were  passing  the  old  rail  head  of  the 
Suakim- Berber  Railway  that  was  started  in 
1885.  I wondered,  as  I followed  fifteen  miles 
of  this  rusty  line  a gradual  slope  of  1,300  feet 
towards  the  sea,  whether  the  road  I had  only 
just  traversed  had  ever  been  surveyed  for  a 
railway,  and  whether  anybody  had  the  slightest 
notion  of  the  difficulties  to  be  contended  with 
in  carrying  out  the  scheme.  Of  course  modern 
engineering  with  such  men  as  Sir  Benjamin 
Baker  at  the  fore  can  overcome  any  difficulty  if 
money  be  no  object,  but  who  can  possibly  see 
any  return  for  the  enormous  outlay  an  under- 
taking of  this  kind  would  entail  ? 

To  start  with  there  is  one  up  grade  of  2,870 
feet  within  forty  miles  from  Suakim,  and  the 
khors,  through  which  the  railway  must  wind, 
are  sometimes  raging  torrents.  To  obviate 
this  if  the  line  be  built  of  trestles  (timber 
elevations)  as  with  the  Canadian  Pacific  Rail- 
way, there  is  no  wood  in  the  country  but  for 
domestic  purposes.  Material,  for  every  detail, 
must  be  imported.  A smaller  matter,  but  also 
somewhat  important,  though  water  apparently 


can  be  found  in  the  khors  for  the  digging,  it  is 
a question  whether  a sufficient  quantity  can  be 
got  at  all  times  for  the  requirements  of  a rail- 
way. The  natives  themselves  are  often  very 
badly  off  for  water,  as  in  the  case  of  the  Obak 
wells. 

Wells  run  dry  at  odd  times  in  this  country, 
and  can  never  be  depended  upon.  Of  course 
water  can  be  condensed  at  Suakim  and  stored. 
Further  a rival  line  is  already  in  progress, 
which  will  connect  Wady  Haifa  with  Berber 
early  this  year.  European  goods  coming  by 
that  line  from  Alexandria  would  be  free  of  the 
Suez  Canal  dues,  and  certainly  the  directors 
of  that  line  would  treat  freights  favourably  if 
Suakim  should  ever  be  connected  with  Berber 
by  rail.  As  for  the  interior  trade  of  the  country, 
nearly  all  the  population  have  either  died  from 
recent  famine  or  have  been  killed  off  in  the 
Mahdi’s  cause.  There  is  no  commercial  centre 
or  even  market  to  tap  from  one  end  of  the  road 
to  the  other. 

The  next  morning  we  came  in  view  of 
Suakim,  the  city  of  white  coral,  with  her  surf- 
beaten  opalesque  reefs  stretching  as  far  as  the 
eye  could  follow.  It  seemed  strange  to  me  to 
be  peacefully  moving  towards  her  outlying  forts, 
for  when  I was  last  in  her  vicinity  one  could 
not  go  twenty  yards  outside  the  town  without 
being  shot  at,  or  running  the  gauntlet  of  a few 
spears.  But,  here  I was,  slowly  approaching 
its  walls,  accompanied  by  some  of  the  very 
men  who  in  those  days  would  have  cut  my 
throat  without  the  slightest  hesitation.  Suakim 
had  changed  much  for  the  better  ; her  streets 
were  cleaner,  and  mostly  free  from  Oriental 
smells.  But  these  sanitary  changes  always 
take  place  when  British  officers  are  to  the  fore. 
Surgeon  Captain  Fleming  is  the  medical  officer 
responsible  for  the  health  of  the  town,  and  he 
has  been  instrumental  in  carrying  out  great 
reforms,  especially  in  doing  away  with  the 
tokuls  and  hovels,  in  which  the  Arabs  herded 
together,  and  removing  them  to  a special 
quarter  outside  the  town. 

The  principal  feature  about  Suakim  to-day  is 
its  remarkable  water  supply.  In  1884  our 
troops  had  to  depend  on  condensed  sea-water 
supplied  from  an  old  steamer  anchored  in  the 
harbour,  and  the  town  folk  drew  an  uncertain 
supply  from  the  few  wells  outside  the  town. 
But  now  Suakim  never  wants  for  water,  and 
that  of  the  best.  She  even  boasts  of  a fountain 
in  the  little  square  opposite  the  Governor’s 
house.  Engineer  IMason  is  responsible  for  this 
state  of  efficiency,  to  which  Suakim  owes  much 
of  her  present  immunity  from  disease.  During 
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the  last  twelve  years  immense  condensing  works 
have  been  erected  on  Quarantine  Station  ; but, 
better  still,  about  two  years  ago  Mr,  Mason 
discovered  an  apparently  inexhaustible  supply 
near  Gemaiza,  about  three  miles  from  the  town. 
There  is  a theory — which  this  water  finding  has 
made  a possible  fact— that  as  coral  does  not 
grow  in  fresh  water  the  channel  which  allows 
steamers  to  approach  close  up  to  the  town, 
through  her  miles  of  coral  reefs  is  caused  by  a 
fresh  water  current  running  from  the  shore. 
However,  on  this  theory  Mason  set  to  work 
and  found  a splendid  supply  at  Fort  Charter  ; 
an  excavation  in  the  khor  there,  about  two 
hundred  feet  long  and  forty  deep,  is  now  an 
immense  cistern  of  sweet  water,  the  result  of 
which  the  machines  condensing  a hundred  and 
■fift'A  tons  of  water  a day,  are  now  only  re- 
quired to  produce  one-half  the  quantity, 
saving  the  Egyptian  Government  a consider- 
able outlay. 

The  natives  look  upon  Mason  as  a magician, 
the  man  who  turns  the  salt  ocean  into  sweet 
water.  But  metal  refuse,  scraps  of  iron,  old 
boiler  plates,  under  his  magic  touch,  are  also 
turned  into  the  most  useful  things.  For 
instance,  the  steam  hammer  used  in  the 
Government  workshop,  is  rigged  on  steel 
columns,  from  the  debris  of  an  engine  room  of 
a wrecked  vessel.  The  hammer  is  the  crank 
of  a disused  shaft  of  a cotton  machine,  the 
anvil  is  from  an  old  monkey,”  that  drove  the 
piles  for  the  Suakim  landing  stage  in  1884, 
the  two  cylinders  are  from  an  effete  ice- 
machine,  and  the  steam  and  exhaust  pipes 
come  from  a useless  locomotive  of  the  old 
railway.  A lathe,  a beautiful  piece  of  work- 
manship, is  fashioned  out  of  one  of  the  guns 
found  at  Tamai.  And  the  building  which 
covers  these  useful  implements  was  erected  by 
this  clever  engineer,  in  the  Sirdar’s  service, 
who  had  utilised  the  rails  of  the  old  Suakim- 
Bcrber  line  as  girders  for  its  roof  and,  in  my 
humble  opinion,  this  is  probably  the  very  best 
purpose  for  which  they  can  be  used. 


DISCUSSION. 

'Die  Chairman  said — The  instructive  paper  to 
whicli  we  have  just  listened  calls  for  very  little  dis- 
cussion on  our  part  and,  therefore,  I have  no  special 
oliscrvations  to  submit  to  you  as  regard  to  it,  although 
it  is  my  pleasing  duty  as,  Chairman,  to  offer  the 
sincere  thanks  of  our  Society  to  Mr.  Frederic  Villiers 
for  giving  us  so  much  pleasure  and  so  much  informa- 


tion in  respect  to  a part  of  the  world  which  is  at 
present  one  of  considerable  interest  to  this  countr}'. 
It  is  impossible  not  to  admire  the  courage  and 
nerve  of  a man  like  Mr.  Villiers,  who  has  been 
through  every  campaign  of  importance  that  has 
taken  place  during  the  past  twenty  years ; in  the 
course  of  which  he  has  been  under  fire  about  a hundred 
times,  although  happily  for  his  country'  without  being 
wounded.  No  doubt  he  has  had,  on  many  occasions, 
to  “ screw  his  courage  to  the  sticking  place ; ” but  it 
is  fortunate,  I think,  for  himself  and  for  us,  that  his 
head  has  been  screwed  on  in  the  right  way,  and  that 
it  still  remains  screwed  on  after  many  hairbreadth 
escapes.  As  one  who  has  in  former  years  seen  some 
active  service  in  the  field,  I can  bear  personal  testi- 
mony to  the  arduous  character  of  a war  artist’s  and 
correspondent’s  duties  in  campaigns  ; duties  at  times 
exceeding  in  their  variety  and  difficulty  even  those  of 
the  “fighting  line,”  and  duties,  therefore,  justly 
entitling  Mr.  Villiers  to  the  many  medals  and  decora- 
tions which  have  been  so  well  bestowed  upon  him.  The 
question  of  the  best  route  to  Khartoum  is  one  which 
has  occupied  public  attention  very  keenly  since  1884. 
In  this  matter  we  have  all  listened  with  respect  to  the 
views  of  one  who  has  traversed  both  routes.  Happily, 
the  question  has  ceased  to  be  a burning  one,  inasmuch 
as  the  present  operations  against  Khartoum  are  likely 
to  be  canied  on  by  means  of  both  the  Suakim  and 
the  Nile  routes,  the  latter  being  no  doubt,  at  the 
present  moment,  the  superior  one,  seeing  that  it  has 
been  improved  and  shortened  by  the  railway  that  is 
being  constructed  from  Wady  Haifa  to  Berber  with 
so  much  skill  and  energy  by  the  Royal  Engineers. 
Although  Mr.  Villiers  has  tiaily  said,  on  a recent 
occasion,  that  “it  is  civilisation  that  kills,”  and  that 
the  “warpath  wdth  all  its  perils  and  hardships  is  the 
thing  that  keeps  a man  best  up  to  the  work,”  I hope 
he  will  be  able  to  take  a little  rest  in  his  Cricklewood 
paradise  before  he  joins  in  his  twelfth  campaign, 
viz.,  that  which  seems  likely  to  come  off  before 
Khartoum  within  the  next  few  months.  We  shall 
all  wish  him  God  speed  in  any  duties  that  he  may 
undertake,  with  a hope,  moreover,  that  he  ^v^ll  keep 
his  head  well  screwed  on,  and  his  nerve  intact,  up 
to  the  last. 

The  vote  of  thanks  having  been  carried  unani- 
mously, 

Mr.  Villiers,  in  reply,  after  thanking  the  Chair- 
man for  his  too  eulogistic  remarks,  said  he  feared 
he  must  have  been  imperfectly  heard  as  he  was 
suffering  from  a bad  cold.  He  found  that  eveiy- 
body  had  colds  in  England,  and  he  would  adrise 
sufferers  from  such  affections  to  try  a campaign  in 
Egypt.  He  feared,  if  he  remained  in  a civilised 
land,  he  should  die  early,  and  therefore,  though  he 
was  by  no  means  a bloodthirsty  man,  he  hoped  there 
would  always  be  plenty  to  do  for  war  coirespondents, 
even  if  it  were  a peaceful  campaign  hke  the  last  cue 
in  the  Soudan. 
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INDIAN  SECTION. 

Thursday,  January  20,  1898  ; the  Right  Hon. 
Lord  George  Hamilton,  M.P.,  in  the  chair. 

The  Chairman,  in  introducing  Sir  M.  E.  Grant 
Duty,  said  he  was  known  to  many  present  personally 
and  to  all  by  reputation.  Thirty  years  ago  when  he 
first  made  Sir  M.  E.  Grant  Duff’s  acquaintance  in  the 
House  of  Commons  he  had  already  acquired  the 
reputation  of  being  one  of  the  best  informed  and  most 
critical  of  Parliamentary  speakers,  and  since  then  he 
had  filled  a number  of  high  official  jmsts  with  dis- 
tinction, culminating  in  that  of  Governor  of  Madras. 
He  was  well  known  in  connection  with  many  branches 
of  literature  and  science,  and  was  gifted  with  an  almost 
omnivorous  power  of  reading.  There  was  nothing 
in  the  world  about  which  he  did  not  know  something, 
and  of  many  subjects  he  knew  a great  deal.  As  an 
official  he  (the  Chairman)  had  been  struck  by  the 
extraordinary  use  Sir  M.  E.  Grant  Duff  made  both 
of  his  eyes  and  ears  in  picking  up  all  sorts  of  odd 
pieces  of  information,  recording  and  annotating  them, 
and  being  able  to  give  them  out  afterwards  with  ^•ery 
pleasant  effect ; in  fact  he  had  the  reputation  of  being 
an  excellent  raconteur.  They  must,  therefore,  antici- 
pate that  the  paper  he  was  about  to  read  would  be 
full  both  of  instruction  and  of  amusement. 

The  paper  read  was — 


RECREATIONS  OF  AN  INDIAN 
OEFICIAL. 

By  THE  Right  Hon.  Sir  M.  E.  Grant  Duff, 

G.C.S.I.,  F.R.S. 

About  half  a generation  ago.  Professor  Max 
Muller  delivered  a lecture  at  Cambridge,  to 
which  he  gave  the  title  of  “What  can  India 
teach  us  ” In  it  he  dwelt,  as  might  have 
j been  expected,  chiefly  on  the  insight  into 
; human  history  and  into  the  working  of  the 
' human  mind  in  the  formation  of  language, 

I which  has  beeu  derived  from  the  study  of 
Sanskrit.  I think  it  is  very  likely  that  this 
lecture  was  in  the  minds  of  the  authorities  of 
j your  Society  and  of  the  distinguished  Indians 
I with  whom  they  took  counsel,  when  they  asked 
me  to  address  you  to-day  ; and  undoubtedly 
when  the  subjects  with  which  my  eminent 
friend  dealt  have  been  eliminated,  there  still 
iremaina  vast  number  of  things  which  India 
has  to  teach  us.  First  and  foremost  of  these 
are,  of  course,  the  science  and  art  of  govern- 
ment. I remember  when  I went  to  the  India 
Office,  nearly  thirty  years  ago,  and  began, 
after  a week  or  two  of  bewilderment,  to 
understand  something  of  the  work  in  which 


I had  been  called  to  take  part,  1 felt  that  it 
was  indeed  widely  different  from  that  which 
had  fallen  to  the  lot  of  some  of  my  colleagues 
in  the  Administration.  One  was  entirely 
absorbed  by  the  Navy  ; another  by  the  War 
Office ; a third  by  elementary  education  ; 
whereas  I found  spread  out  before  me  the 
whole  government  of  an  empire  alike  in  its 
internal  and  external  relations,  d hat  was  an 
excellent  training,  and  reconciled  me  to  some 
disappointments.  It  would  be  idle,  however, 
to  attempt  to  say  anything  to-night  about 
Indian  government,  and  I have  said  as  much 
as  I care  to  say,  for  the  present,  about  it,  in 
many  ways  and  in  many  places.  It  is  not 
that  side  of  Indian  teaching  on  which  you 
wish  me  to  speak.  You  wish  me,  I under- 
stand, to  speak  of  some  of  the  things  which 
one  learns  incidentally  by  living  in  India  if 
one  only  makes  a reasonable  use  of  even  very 
indifferent  eyes.  And  this  I shall  attempt  to 
do,  carefully  avoiding  the  ground  which  Pro- 
fessor Max  Muller  has  traversed.  Even  after 
passing  that  self-denying  ordinance,  there  is 
an  etnbarras  de  richesses. 

The  difficulty  is  to  know  where  to  begin.  Many 
people  would  begin  with  sport,  but  about  that  I 
know  absolutely  nothing.  My  sympathies, 
save  in  the  case  of  man-eating  tigers  and  such- 
like, are,  I am  afraid,  with  the  four-legged  as 
against  the  two-legged  mammal.  Anvhow  I 
subscribe  to  the  doctrine  of  the  late  M.  Van 
de  Weyer.  That  eminent  scholar,  collector, 
and  diplomatist  was  once  asked  by  one  of  those 
excellent  but  rather  tiresome  hosts  who  insist 
on  sending  this  man  to  fish,  that  one  to  shoot, 
and  so  forth,  “Now  Mr.  Van  de  \Ve}’er  what 
can  I do  for  you?”  “Oh!  thank  you,”  he 
replied,  “I  don’t  want  to  kill  anything;  not  even 
time.”  Science  owes,  nevertheless, a great  deal 
to  the  sportsmen  who  in  pursuit  of  their 
pleasures  have  accumulated  a great  manv  facts 
which  have  now  been  collected  and  registered 
in  such  books  as  Mr.  Sterndale’s  very  pleasantly 
written  and  informing  “ Mammalia  of  India.” 

Those  who  are  not  sportsmen  see  but  little  of 
their  four-footed  neighbours  in  that  countr}" ; 
their  avocations  keep  them  for  the  most  part 
in  places  too  near  the  haunts  of  men  to  be 
agreeable  to  creatures  whose  natural  homes  are 
uncultivated  wastes  or  woodland  solitudes. 

I myself  saw  very  few,  although  I kept  a 
good  look  out  while  travelling.  I have  come 
on  the  recent  tracks  of  wild  elephants  in  the 
forests  of  Travancore,  but  I never  saw  the 
creature  in  its  natural  state.  Nor  had  I any 
better  fortune  with  the  tiger  or  with  the  panther, 
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which  we  know  in  South  India  as  the  cheetahy 
although  both  the  last-named  animals  claimed 
a certain  amount  of  my  attention,  even 
officially.  I remember  being  much  delighted 
with  a letter  which  came  before  me  in  con- 
nection with  some  orders  we  had  issued  in 
consequence  of  having  it  brought  to  our  notice 
that  in  an  outlying  portion  of  the  Vizagapatam 
district  the  tigers  “had  increased,  were  in- 
creasing, and  ought  to  be  diminished.”  A 
police  officer,  writing  to  his  immediate  superior, 
told  him  that,  shortly  before,  while  strolling 
about  in  the  evening,  armed  with  only  a shot- 
gun, he  had  suddenly  found  himself  in  the 
presence  of  a fine  tiger.  “ My  old  spaniel,” 
he  added,  “ immediately  recollected  that  he 
had  pressing  business  at  home,  and  I followed 
him  to  see  what  it  was.” 

I recollect,  too,  another  incident  that  was 
brought  to  my  notice  in  the  course  of  business, 
in  which  a panther  figured.  A postman  in  the 
discharge  of  his  ordinary  duties  was  passing 
through  a piece  of  jungle  in  the  little  State 
of  Sandur,  which  lies  surrounded  by  our  district 
of  Bellary,  when  one  of  these  creatures  dashed 
down  upon  him,  tore  open  the  letter-bag  which 
he  carried  on  his  back,  and  vanished.  You 
may  form  your  own  opinion  as  to  whether  his 
object  was  or  was  not  to  select  the  particular 
letter  he  desired  to  read ; but  if  you  do,  I trust 
you  will  consider  it  as  another  proof,  if  any 
were  wanted,  of  the  great  extent  to  which  the 
schoolmaster  has  been  abroad  in  the  territory 
of  Fort  St.  George  and  its  dependencies. 

I once,  when  walking  at  Ootacamund  with 
our  Surgeon-General,  Dr.  Bidie,  one  of  the 
most  intelligent,  well-informed,  and  agreeable 
of  all  my  Indian  friends,  Faradoxurus 

Zeylanicus,  not  a very  common  animal  in 
Southern  India,  though  met  with  very  frequently 
on  the  other  side  of  the  Straits  of  Manaar.  Its 
far  more  familiar  relative,  Parodoxorus  77iu'i- 
a7tga,  the  toddy-cat,  I never  actually  saw, 
though  we  once  occupied  the  same  room  at 
Calicut,  he  preferring  the  roof  while  I preferred 
the  floor.  The  scientific  name  of  these  creatures 
is  rather  a reproach  to  the  wise,  for  they  go 
through  the  world  under  the  imputation  of 
having  something  paradoxical  about  their  tails, 
which  they  have  not  got.  It  so  happened 
that  the  particular  animal  from  whom  the 
genus  was  named  had  his  tail  twisted  up 
from  having  been  kept  in  a space  too  confined, 
and  the  zoologist  who  gave  the  name  jumped 
to  the  conclusion  that  the  peculiarity  belonged 
to  the  whole  race.  Such  mistakes  are  made 
sometimes,  even  by  the  wisest  of  the  wise. 


There  is  a bird  in  Madras  which  is  known  as 
the  dayal.  Linnaeus,  confusing  dayal  with 
the  English  dial,  called  it  Copsychus  Solaris  ; 
Solaris  got  miswritten  saularis,  as  if  it  had 
something  to  do  with  the  French  saule,  a 
willow.  So  CoAsychus  saula7'is  is  and  will,  I 
suppose,  continue  to  be  the  creature’s  name, 

I once,  and  only  once,  saw  the  Indian  wolf, 
Ca7tis  He  was  engaged,  oddly 

enough,  in  chasing  a deer,  not  at  all  far  from 
the  house,  in  the  park  at  Guindy,  but  the  jackal, 
Canis  aureus,  was,  of  course,  a much  more 
familiar  object. 

The  pretty  little  Cervulus  aureus,  or  munt- 
jac,  known  in  the  absurd  Anglo-Indian  nomen- 
clature as  a jungle-sheep,  because  it  is  a true 
deer,  just  as  the  Gazella  Bennetti  is  known  as 
a ravine  deer  because  it  is  not  a deer  at  all  I 
have  seen  in  the  sholas  of  the  Nilgiris.  I need 
not  enumerate  the  other  mammalian  creatures 
which  I met  with  in  a wild  state.  I made  a 
careful  list  of  them,  but  I do  not  think  I should 
be  far  wrong  if  I were  to  say  that  it  did  not 
contain  above  a couple  of  dozen. 

On  the  other  hand  I made  the  acquaintance 
of  some  interesting  Indian  animals  in  the 
capacity  of  pets  or  semi-pets.  We  had  a baby 
elephant  whose  ways  were  very  attractive,  but 
he  had,  alas  ! the  fate  of  those  whom  the  gods 
love,  and  died  at  the  very  outset  of  his  career. 

We  had  a young  sloth  bear,  Ursus  labiatus, 
and  a most  amusing  beast  he  was,  very  much 
attached  to  his  keeper,  and  amiable  with  other 
people,  so  much  so  that  my  wife  could  take 
him  out  walking  in  the  park  which  surrounds 
Government-house  at  Madras.  I think  the 
period  of  his  life  he  liked  best  was  that  which 
he  spent  at  Ootacamund,  where  his  delight  was 
to  discover,  drag  to  light,  and  devour  the  huge 
grubs  which,  concealed  under  the  ground,  did 
much  mischief  to  the  roots  of  the  grass  on  the 
lawns.  The  female  of  this  species  is  a very 
fierce  and  dangerous  creature,  using  her  claws 
with  terrible  effect  in  the  jungle,  but  the  head 
of  the  family  is  peaceable  and  well  disposed. 

A far  less  amiable  pet  was  a porcupine, 
Hystrix  leucura,  nearly  allied  to  the  European 
species,  and  not  an  uncommon  animal  on  the 
Nilgiris,  where  I frequently  found  his  quills  in 
my  walks,  though  I never  saw  one  wild.  He 
never  became  at  all  tame,  and  his  idea  of 
saluting  his  visitors  was  to  turn  away  from 
them  and  then  charge  backwards,  a manceuvre  ! 
which  would  have  produced  the  most  highly  i 
unpleasant  results  if  they  had  not  been  warned 
of  his  manners  and  customs.  I remember , 
writing  about  the  tactics  of  his  family  to  j 
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Kinglake,  one  of  the  best  and  most  faithful  of 
my  correspondents  when  I was  in  India.  His 
reply  was  eminently  characteristic  : — ■ 

“ To  me,  with  the  habit  (that  chance  has  forced 
upon  me)  of  considering  war  subjects,  there  is  what 
used  to  be  called  a ‘ profound  moral  ’ in  the  tactics  of 
the  porcupine  you  speak  of ; your  porcupine  knew,  I 
suppose,  as  his  ancestors  knew  ab  initio,  that  fated 
lesson  which  man  never  learnt  quite  completely,  until 
modern  times,  the  lesson  which  teaches  that,  although 
one’s  motive  may  be  really  and  truly  defence,  the 
means  to  be  employed  must  be  aggressive,  not  merely 
resisting.  It  is  a lesson  of  very  great  import  to  the 
human  race,  and  seems  to  put  off  till  the  Millennium 
all  notion  of  peace  being  other  than,  what  Hobbes 
I think  called  it,  a state  of  preparation  for  war.” 

We  had  at  Guindy  and  elsewhere  great 
numbers  of  the  pretty  antelope,  common  in 
most  parts  of  India,  and  familiarly  known  as  the 
black  buck.  They  were  very  timid  even  in  the 
park  of  Government-house  at  Madras,  where 
so  many  people  were  always  coming  and 
going.  I once  saw  a pretty  large  herd  fly 
from  a little  Yorkshire  terrier,  weighing  about 
6 lbs.  ; but  it  is  right  to  sa}'-  that  they  eventu- 
ally took  heart  of  grace,  faced  their  pursuer, 
and  drove  him  in  headlong  flight.  We  had 
abundance,  too,  of  the  beautiful  Axis  macu- 
latus,  of  which  Sterndale  says,  “that  spotted 
deer  and  lovely  scenery  are  found  together,” 
at  all  events,  in  Central  India — like  apparently 
drawing  to  like.  Of  the  huge  sambhar,  w^e 
had  only  one  specimen,  but  she  was  much 
respected,  and  used  to  take  her  walks  abroad 
accompanied  by  two  servants.  She  was  a 
grand  creature,  though  not  nearly  so  beautiful 
as  the  Axis,  and  deserved  to  be  connected  by 
her  scientific  name,  Rusa  Aristotelis,  with  the 
“ Master  of  those  who  know.” 

Any  one  who  had  good  eyes  might  make  the 
acquaintance  of  a considerable  number  of  birds 
in  Southern  India,  more  especially  on  the  hills. 
Mr.  Davison,  an  excellent  ornithologist,  who 
lived  near  us  at  Ootacamund,  told  me  that  he 
thought  there  could  not  be  fewer  than  five 
hundred  species  upon  the  Nilgiris,  about  as 
many,  that  is  to  say,  as  are  to  be  found  in  the 
whole  of  Europe.  On  the  high  plateau  upon 
which  Ootacamund  is  situated,  he  thought 
there  might  be  three  hundred  species.  Many 
of  them,  however,  were  exceedingly  shy,  and, 
although  I frequently  took  w'alks  with  him,  I 
do  not  think  I could  have  seen  a tenth  of  that 
number.  Any  one,  however,  who  had  keen 
sight  and  a knowledge  of  ornithology,  might, 
it  is  sufficiently  obvious  from  what  I have 
stated,  find  ample  occupation  in  that  pursuit 


if  circumstances  led  him  to  fix  his  residence  in 
the  Sanatorium  of  Madras.  I should  gath(  r 
from  what  Mr.  Davison  told  me  that  there  wj:  s 
not  much  difference  between  the  bird  popula- 
tion of  the  Nilgiris  and  that  of  the  two  other 
important  southern  ranges  known  as  the 
Anaimalis  and  the  Palanis  ; but  two  birds 
found  close  to  Ootacamund  have,  I believe, 
not  been  met  with  elsewhere — the  strange- 
voiced Nilgiri  thrush,  who  is  indeed  no  thrush, 
but  Trochilopteron  cachinnans,  and  the  pretty 
little  pipet,  Anthus  nilgiriensis. 

Between  the  domain  of  the  pets  and  of  the 
wild  creatures,  is  that  of  the  inmates  of  the 
house  and  its  neighbourhood,  which  are  some- 
times befriended,  sometimes  tolerated,  some- 
times most  justly  persecuted.  Typical  of  the 
first  class,  are  the  little  palm  squirrels,  and  the 
mungooses.  The  former  were  so  tame  in  Govern- 
ment-house at  Madras  that  they  would  some- 
times come  and  assist  at  breakfast,  while  the 
latter  did  much  the  same  at  Guindy.  These  last 
lived  somewhere  in  the  gardens  but  would  eat 
out  of  my  wife’s  hand,  until  she  gave  a fancy 
ball  there  to  which  one  or  two  native  ladies  of 
the  very  highest  rank  came.  Whether  they 
disapproved  of  this  concession  to  European 
manners,  or  whether  they  held  Puritan  prin- 
ciples and  disapproved  of  dancing  altogether,  I 
know  not,  but  they  did  disappear  from  that  day 
forward.  To  the  second  class  belongs  the  so- 
called  musk  rat,  which,  by  the  way,  is  not  a rat 
at  all  but  a shrew,  Sorex  ccerulescens,  which 
deserves  to  be  more  kindly  treated  than  it  often 
is,  and  the  lizard,  known  (heaven  knows  why) 
as  the  blood-sucker,  who  ought  to  be  very  much 
encouraged  as  being  a foe  to  many  dangerous 
and  disagreeable  animals.  To  the  third  belongs 
a host  of  detestable  things,  from  the  scorpion 
down  to  the  mosquito.  Any  person  newly 
arrived  in  India,  who  wants  to  get  the  maximum 
of  pleasure  and  minimum  of  unpleasantness  out 
of  all  these,  and  many  other  neighbours,  may 
be  safely  referred  to  two  delightful  books,  “In 
my  Indian  Garden,”  and  “Tribes  on  My 
Frontier.”  Most  truly  does  Sir  Edwin  Arnold 
say  in  his  preface  to  the  first  of  these  : — 

“ They  are  only  sketches,  no  doubt,  which  fill  this 
little  portfolio,  but  their  outlines  are  often  drawn  with 
so  true  a hand,  that  nothing  can  be  more  suggestive 
to  the  memory  of  any  one  who  has  lived  the  same  life. 
India  may  be  hot,  dusty,  distant,  and  whatever  else 
the  weary  exile  alleges  when  his  liver  goes  wrong,  but 
she  is  never  for  one  moment,  or  in  any  spot,  as  regards 
her  people,  her  scenery,  her  cities,  towns,  villages  or 
country  places,  vulgar.  There  is  nothing  in  her  not 
worth  study  and  regard  ; for  the  very  stamp  of  a ^•ast 
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past  is  over  all  the  land.  Our  author  is  one  of  the 
happy  few  in  whom  familiarity  with  Indian  sights  and 
objects  has  not  bred  indiiference,  but  rather  suggested 
the  beginnings  of  a new  field  of  Anglo-Saxon 
literature.  If  I am  not  wrong,  the  chann  of  looking 
at  these  utterly  common-place  animals  and  people  of 
India  in  this  gay  and  pleased  spirit  is,  that  we  get  that 
freshness  of  feeling  which  youth  alone  enjoys  when 
all  the  world  is  new  to  it,  interpreted  by  the  adult  and 
matured  mind,  suddenly  entering  a practically  new 
world,  for  such  India  is  to  the  English  official  on  his 
first  arrival.” 

As  for  the  snakes  of  India  T did  not  court 
their  society,  and  to  do  them  justice  they  rarely 
obtruded  it  upon  me.  Guindy  had  been  little 
inhabited  for  some  time  before  I arrived  there, 
and  the  cobras  had  made  themselves  all  too 
comfortable  in  an  old  Agave  hedge.  The 
hedge,  however,  was  grubbed  up  and  its 
tenants  disestablished  if  not  slain.  I did  once 
find  Echis  carinata,  an  extremely  ugly  cus- 
tomer, coiled  up  on  some  steps  in  the  middle  of 
the  house  ; but  he  made  no  hostile  demonstra- 
tions, and  speedily  went  where  the  good  vipers 
go.  Hypnale  ney^a  was  more  frequently  seen, 
but  he  is  not,  I suppose,  much  more  dangerous 
than  the  adder  of  our  own  heaths,  who  is, 
however,  by  no  means  a pleasant  person.  The 
dreadful  Russell’s  viper  I have  seen  in  the 
park  at  Guindy,  but  never  near  the  house,  and 
although  I have  been  in  his  haunts  I never 
encountered  Oyphioyphagus  elaps,  strangely 
named  the  Hamadryad,  the  only  Indian  snake 
who  attacks  unprovoked.  There  is  an  exceed- 
ingly amusing  passage  in  the  late  Count  de 
Hiibner’s  delightful  book,  “ A travers  1’ Empire 
Britannique,”  in  which  he  describes  his  horror 
when,  as  he  was  walking  with  me  on  his  first 
evening  at  Guindy  I suddenly  dived  across  a 
grass  plot  when  the  dressing-bell  rang,  he 
feeling  himself  obliged  to  follow,  in  the  full 
expectation  of  receiving  his  death-warrant. 
He  did  not,  however,  and  long  before  he  closed 
his  honoured  life  I am  sure  he  thought  better 
of  the  Indian  Thanatophidia,  and  could  con- 
template with  pleasure  their  counterfeit  pre- 
sentments in  Sir  Joseph  Fayrer’s  beautiful 
book.  To  Europeans  in  India  the  wild  bee  is 
more  dangerous  than  the  snake. 

With  the  fish  of  India  I made  no  acquaint- 
ance, save  at  dinner.  The  seer  and  the  pomfret, 
which  are  more  often  seen  than  any  other 
species  at  Madras,  seem  to  me  to  have  no 
great  merit.  The  former,  indeed,  tastes  more 
like  boiled  paper  than  anything  else.  I once 
saw  some  red  mahseer,  to  which  a semi-sacred 
character  was  attached,  in  a river  of  Travancore, 


so  very  desirous  of  obtaining  crumbs  that  theyj  I 
positively  came  on  dry  land,  but  I never  met,  i 
as  did  a man  whom  I knew  well,  one  of  the 
finny  tribe  taking  a walk  in  the  grounds  of  thei 
Madras  Club.  That  creature  of  strange  tastes, 

I think,  belonged  to  the  genus  Ophiolepis. 

I have  never  given  any  attention  to  entomo- 
logy, but  there  are  parts  of  India  in  which 
butterflies  are  so  beautiful  that,  I am  sure,  they 
must  afford  keen  pleasure  even  to  persons  as 
perfectly  ignorant  of  that  science  as  I am. 

I read  the  following  in  a work  by  Major 
Marshall  : — 

“ In  insect  life,  both  in  size  and  beauty  of  individuals 
and  in  prolific  luxuriance  of  numbers,  the  tropics 
easily  bear  oft  the  palm,  the  largest  and  most  beautiful 
of  European  butterflies  sink  into  insignificance  beside 
the  Omithoptera,  Morpho  and  Thaumantis  of  the 
tropics,  while,  perhaps,  few  sights  in  nature  are  more 
strangely  beautiful  to  the  traveller  in  these  Eastern 
valleys  than  the  patches  of  damp  sand  which  may  be 
found  in  ton-ent-beds  in  the  forests  literally  carpeted 
with  butterflies  of  every  hue,  closely  packed  together, 
busily  imbibing  the  moisture  from  the  sand,  and, 
again,  as  startled  by  the  approach  of  an  intruder,  they 
rise  expanding  into  a cloud  of  gorgeous  coloui'S  of 
eveiy  hue.  The  difficulty  in  procuring  rare  species  is, 
in  such  localities,  literally  the  difficulty  of  singling 
them  out  of  a crowd.” 

I never  myself  saw  anything  at  all  like  this, 
but  the  park  of  Government-house  at  Madras 
used  to  be  haunted  by  a most  lovely  creature, 
as  to  wEose  name  I made  inquiries,  and  found 
that  it  went  through  the  world  under  the 
astounding  appellation  of  Menelaides  Hector  ! 
That  excited  my  curiosity,  and  I found  on 
looking  into  the  matter,  that  the  Iliad  had  been 
ransacked  to  find  names  for  Indian  butterflies. 

I feel  very  sure  that,  whether  that  work  was 
written  by  Homer,  or  as  someone  said,  by 
another  person  of  the  same  name,  its  author 
never  contemplated  his  fame  being  spread  in 
that  particular  w’ay.  One  of  the  many  things  on 
which  I had  to  congratulate  myself  when  at 
Madras,  w^as  the  capturing  for  that  Presidency 
of  Dr.  Edgar  Thurston,  who  was,  I think,  the 
very  first  Etonian  who,  having  learnt  the  rudi- 
ments of  natural  history  at  Eton,  devoted 
himself  to  science  as  a profession.  He  came  out 
to  be  superintendent  of  our  museum,  which  I 
desired  to  make  an  index  to  all  the  contents  of 
the  Presidency,  by  the  study  of  which  the  wel- 
fare of  its  people  might  be  advanced,  or  human 
knowledge  added  to.  He  fulfilled  admirably 
all  his  more  immediate  and  obvious  duties,  but 
he  has  also  made  many  explorations,  of  the 
1 greatest  value  and  interest,  ancillary  to  these.  : 
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He  has  recorded  them  in  a number  of  notes  and 
bulletins,  like  those  issued  from  Kew,  treating- 
for  example  of  such  subjects  as  the  marine 
fauna  of  the  Gulf  of  Manaar  ; the  Tuticorin 
Chank  Fishery,  the  birds,  fishes,  and  molluscs 
of  the  sacred  island  of  Ramesvaram  with  much 
else.  Most  of  the  contents  of  these  notes  and 
bulletins  appeal  only  to  persons  more  or  less 
interested  in  natural  history,  or  in  the  develop- 
ment of  the  resources  of  the  Madras  Presidency, 
but  some  of  them  are  quite  sufficiently  amusing 
to  appeal  to  the  general  reader.  I came  for 
example,  while  examining  them,  upon  the 
following  anecdote  : — 

“A  big  spider  belonging  to  the  genus  Mygale 
(M.fasciata?),  concerning  the  bird-eating  propensities 
of  which  genus  there  has  been  a long-standing  con- 
troversy, was  caught  by  me  when  developing  photo- 
graphs in  an  improvised  dark  room  at  the  Raja’s 
bungalow.  Soon  after  my  arrival  in  Madras,  in  1885, 
a live  female  Mygale  was  sent  to  me  from  one  of  the 
districts  of  the  Presidency,  on  the  charge  of  killing 
sheep  and  goats  by  poisoning  them  on  the  muzzle, 
with  a request  that  I would  convict  or  acquit  the 
accused  on  experimental  evidence.  A sheep  was 
accordingly  purchased,  and  the  Mygale  placed  in  a 
gauze  net  which  was  tied  over  the  sheep’s  muzzle. 
For  a short  time  the  Mygale  strolled  about,  showing 
no  indication  of  poisonous  intent,  and  then — the 
sheep  put  out  its  long  tongue  and  swallowed  her, 
bringing  the  experiment  to  an  abrupt  termination.” 

The  absurd  fancy  thus  exploded  is  one  of 
many  of  the  same  sort  which  spring  up  and 
flourish  on  the  soil  of  India.  There  is  an  idea, 
for  example,  that  one  snake  is  so  terribly 
deadly  and  so  well  acquainted  with  its  own 
maleficent  powers  that  when  it  has  bitten  you 
it  goes  straight  to  the  nearest  burning-ground, 
climbs  up  a tree,  and  from  that  coign  of 
vantage,  sees  the  last  of  its  victim.  1 was 
much  puzzled  as  to  what  this  creature  could 
be,  but  learnt  at  length,  from  Dr.  Henderson, 
an  excellent  naturalist  (who  came  out  to  re- 
inforce the  staff  of  one  of  the  colleges  in 
Madras  before  I left  the  country,  though  not 
like  Dr.  Thurston  and  his  admirable  colleague, 
Dr.  Bourne,  in  the  service  of  the  Government) 
that  it  w'as  Dendrophis  Jictus,  an  animal 
perfectly  harmless  to  man. 

Very  few  of  the  higher  ser\-ants  of  Govern- 
ment— of  the  directing  staff,  that  is  to  say- 
in  our  great  Indian  dependency,  with  the  ex- 
ception, of  course,  of  persons  connected  with 
our  museums  or  with  our  educational  system, 
are  so  situated  as  to  be  able  to  derive  much 
amusement  from  marine  zoology ; but  it  is  to 
be  hoped,  and  even  expected,  that  when  we 
have  succeeded  in  giving  their  proper  place 


to  scientific  studies,  which  are  now  to  too  great 
an  extent  crowded  out  by  literature  and 
philosophy,  many  natives  may  not  only  derive 
pleasure  from  this  pursuit,  but  may  even  be 
able  to  advance  human  knowledge. 

The  only  time  I ever  had  an  opportunity  of 
seeing  anything  of  the  marine  fauna  of  India 
was  when  I was  coming  south  along  the  West 
Coast  in  the  surveying  vessel,  the  Investigator , 
which  had  been  put  at  my  disposal  by  the 
Government  of  Ifijmbay,  and  which  was 
comrranded  by  Captain  Carpenter,  a most 
intelligent  man,  who  had  been  out  with  the 
Challenger.  One  of  the  places  at  which  we 
touched  was  the  Bay  of  Carwar,  which  is,  1 
think,  one  of  the  most  beautiful  spots  on  which 
my  eye  ever  rested,  and  I say  so  with  Palermo 
and  Amalfi  in  my  mind.  We  steamed  some 
seventeen  or  eighteen  miles  out  of  Carwar,  and 
cast  our  trawling-net  in  thirty  fathoms  of 
water.  We  repeated  the  experiment  off 
Mangalore  on  the  next  day,  capturing  also 
some  surface  specimens  by  other  means  on  the 
day  after  that.  We  were  only  moderately 
successful,  but  I find  in  my  diary  the  following 
entry 

“Amongst  the  harvest  of  these  three  days,  were  a 
number  of  very  strange  crabs  ; a variety  of  corals  ; a 
sponge ; several  shells,  familiar  enough  to  me  in 
collections,  but  which  I had  never  seen  in  a living 
state  ; Velella,  a most  beautiful  sea  jelly  ; a few’  fish, 
and  a Radiolaria,  a microscopic  object,  presenting 
under  a high  power  the  most  lovely  aspect,  and 
extremely  important  in  the  economy  of  nature,  for  it 
gives  its  name  to  a vast  division  of  the  ocean  depths. 
Captain  Carpenter  showed  me  a slide  covered  with 
specimens  of  its  deceased  kindred,  brought  up  from  a 
depth  of  2,200  or  2,400  fathoms.” 

We  captured,  too,  a sea-snake.  These 
creatures  are  so  abundant  along  the  shore  of 
Madras,  that  bathing  is  out  of  the  question, 
even  if  it  were  not  for  the  sharks  ; but  I do  not 
think  I had  ever  seen  one  before.  It  is  a 
curious  fact  that  all  fresh  water  snakes  in 
India  are  harmless,  while  all  salt  water  snakes 
are  poisonous.  These  are,  I believe,  however, 
— happily  for  those  who  are  brought  into  in- 
voluntary relations  with  them — by  no  means 
very  desirous  of  exerting  their  powers  for  mis- 
chief. 

Of  geology,  I only  know  just  enough  to 
enjoy  intensely  being  in  the  company  of  those 
who  are  experts  in  that  great  science.  Only 
now  and  then  did  that  pleasure  come  to  me  in 
India,  but  it  did  once  to  perfection,  when,  on, 
one  of  my  tours  of  inspection,  I had  the 
delightful  company  of  Dr.  King,  of  the  Indian 
Geological  Survey.  After  my  return  from  that 
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journey,  I noted  in  my  diary:  “To  find  a 
month  in  which  geology  has  played  so  pro- 
minent a part  in  my  life,  I must  go  back  to  the 
days  when  I travelled  with  Robert  Chambers  in 
Moray,  before  I was  in  Parliament.”  Now 
and  then,  too,  at  distant  intervals,  I enjoyed 
brief  snatches  of  the  society  of  Mr.  Bruce  Foote, 
another  most  distinguished  member  of  the 
Geological  Survey. 

Southern  India,  which  is  the  only  part  of 
that  country  or  continenf  which  I have  seen, 
except  as  a passing  traveller,  is  not  very  rich 
in  the  more  valuable  minerals.  I obtained 
from  home  the  services  of  a mineralogist  to 
examine  some  of  our  districts  from  the  point 
of  view  of  his  science  beginning  his  ex- 
amination just  where  the  labours  of  the 
Geological  Survey,  which  is  under  the  Govern- 
ment of  India,  not  the  Government  of  Madras, 
had  their  natural  termination,  but  I cannot 
say  that  much  came  of  it. 

In  precious  stones,  the  only  department  of 
mineralogy  of  which  I have  made  any  study. 
Southern  India  is  exceedingly  poor.  I say 
this  not  forgetting  that  diamonds  are  still 
found  from  time  to  time,  even  very  fine 
diamonds,  but  although  I had  our  regulations 
in  respect  to  mining  made  to  the  last  degree 
encouraging,  no  speculators  have  been  found 
to  attempt  a serious  prosecution  of  the 
diamond  mining  industry. 

In  1883,  while  travelling  between  Dhone 
and  Thekur,  I passed  near  the  point  where 
Dr.  King,  who  was  with  me,  believes  the 
Koh-i-noor  to  have  been  found  in  the 
adluvium  which  borders  the  long  level  ranges 
of  the  Cuddapah  quartzites,  in  all  proba- 
bility washed  out  of  the  Kurnool  rocks  im- 
mediately above  them.  I,  myself,  possess 
a rough  diamond  which  is  said  to  have  been 
found  at  Kurnool  and  which  came  to  me 
with  a careful  and  elaborate  history,  but 
whether  it  was  found  there  or  not  I should 
be  very  sorry  to  determine.  The  curious 
tale  may  very  likely  have  been  invented  to 
make  me  the  more  inclined  to  purchase.  I 
often  envied  my  friend  Lord  Stanmore,  who 
ruled  the  lovely  island  on  the  other  side  of 
the  Straits.  In  Ceylon,  gemming  is  quite 
a recognised  form  of  sport,  and  next  to  plant 
hunting  it  is  the  form  that  would  have  most 
attractions  for  me. 

I often  tried  to  tempt  out  to  Madras  Sir 
John  Lubbock,  with  whom  I had  made  a 
great  variety  of  journeys  during  Parliamentary 
recesses.  I am  sure  that  he,  or  any  disciples 
of  his  who  would  give  themselves  seriously  to 


the  study  of  the  pre-historic  antiquities  of  | 
India,  would  have  interesting  work  for  a life-  j j 
time.  Mr.  Bruce  Foote,  whom  I have  already 
mentioned,  would  be,  so  far  as  I am  aware,  the  . 
best  man  to  put  such  an  inquirer  on  the  right  ' 
road. 

Only  a limited  number  of  our  countr}’’men 
who  go  to  India  have  any  interest  in,  or  derive 
much  pleasure  from,  the  vegetation  by  which 
they  find  themselves  surrounded.  Too  many 
pass  it  by  without  giving  it  a thought ; some 
even  slander  it.  It  is  probable  that  several 
who  hear  me  were  acquainted,  at  Calcutta  or 
Simla,  with  Sir  Nathaniel  Massey.  If  so, 
they  will  remember  him  as  a man  of  con- 
spicuous ability,  yet  Sir  Henry  Maine  told  me 
that,  when  on  one  occasion  he  was  rather 
running  down  India,  a lady  said  to  him  : — 

“ But  surely  you  will  admit  that  the  flowers 
here  are  charming?”  “No,”  he  replied, 

“ they  are  the  only  things  in  the  country  which 
do  not  smell.”  A more  unfair  imputation 
was  never  made,  for  Indian  gardens  are  full  of 
very  delightful  perfume  plants. 

A small  percentage,  however,  of  Anglo- 
Indians  does  care  about  the  vegetation  of  the 
country,  and  a still  smaller  percentage  is 
really  interested  in  botany.  Sir  Henry  Collett, 
for  example,  is  not  only  a very  distinguished 
soldier,  but  also  an  excellent  botanist.  His 
held  of  fame  was  Northern  India  and  Burma, 
and  I recollect  with  infinite  pleasure  the  kind- 
ness which  he  showed  me  when  I spent  a week 
at  Simla  amidst  a flora  entirely  unlike  that  of 
our  South  Indian  ranges.  I remember  he  intro- 
duced me  to,  among  other  new  friends,  the  genus 
Ainslaeia,  which  bears  the  name  of  my  maternal 
grandfather,  the  author  of  the  Materia  Indica. 

In  Madras  we  had  Col.  Beddome,  a very  great 
authority  indeed,  who  was  just  leaving  the 
Presidency  when  I arrived ; but  we  had  all 
through  my  time  a fair  sprinkling  of  ver}'  good 
botanists,  such  as  Col.  Cox,  Dr.  Bidie,  and 
Mr.  Hollingsworth,  over  and  above  those  who 
were  transplanted  to  the  Presidency  while  I 
was  there,  such  as  Professor  Lawson,  from 
Oxford,  and  Mr.  Gamble,  from  Northern  India. 
Both  these  admirable  men  of  science  have 
since  been  lost  to  Madras,  the  first  by  death, 
the  second  by  his  being  made  the  head  of  the 
Great  Forest  School  of  Deyrah.  When  I first 
landed  in  India,  in  the  autumn  of  1874,  I knew 
something  of  the  flora  of  the  British  Isles,  ; 
something  of  that  of  the  Alps,  and  something 
of  that  which  is  found  round  the  basin  of  the 
Mediterranean.  Of  tropical  vegetation,  how-  , 
ever,  outside  of  the  hot-house,  I had  never  1 
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seen  anything-.  During  the  hundred  days 
which  I then  spent  in  the  country,  I came 
(beginning  with  Matheran,  on  which  Mr. 
Herbert  Birdwood  has  just  written  so  well)  to 
know  a little  of  Indian  vegetation  at  various 
points  from  Peshawar  in  the  north,  to  Tanjore 
in  the  south  ; but  of  course  not  very  much.  I 
wTOte  in  my  “ Notes  of  an  Indian  Journey,” 
published  in  the  Contemporary  Review,  in 
1875,  and  republished  in  a volume  in  1876  : — 

“ True  it  is  that  I have  merely  scratched  the  surface 
of  Indian  botany.  True  it  is  that  my  eye  still  con- 
tinually falls  on  altogether  new  objects  ; but,  never- 
theless, I can  put  the  people  and  the  scenes  I care 
about  in  India  in  their  appropriate  setting  of  trees 
and  flowers.  I have  come  to  know  many  of  the 
plants  which  have  poetical  or  rehgious  associations, 
and  I have  seen  a very  large  number  of  those  which 
are  economically  and  commercially  important.  This, 
in  a run  of  little  more  than  a quarter  of  a year,  a very 
large  part  of  which  has  been  spent  in  rapid  locomotion, 
by  rail,  by  road,  or  by  sea,  and  the  main  objects  of 
which  have  been  political,  does  not  appear  to  me 
altogether  bad.” 

It  was  at  least  better  than  nothing,  and  when, 
most  unexpectedly,  I was  sent  back  to  the 
East  in  1881,  I found  the  little  I had  learned 
very  useful,  and  that  I had  laid  the  foundation 
for  a great  deal  of  new  knowledge  which  was 
very  serviceable  to  me,  although  I had  a good 
many  mistakes  and  misconceptions  to  correct. 

One  of  the  great  pleasures  which  comes  to  a 
European  botanist  when  he  lands  in  a 'tropical 
country  is  that  his  horizon  immediately  widens. 
A great  number  of  Orders  of  plants  of  which 
he  knew  nothing  in  a wild  state  suddenly 
become  familiar  acquaintances.  I came  to 
know,  for  instance,  the  Ternstroj^tiacece,  the 
family  to  which  belongs  the  Tea  to  which 
Linnaeus  gave  the  title  of  Thea,  punning  upon 
its  Chinese  name,  because  it  was  so  divine  a 
drink,  and  the  Camellia  which  makes  our 
greenhouses  so  beautiful  in  this  month  of 
January.  Then  there  were  the  Melzaceae,  to 
which  belongs  the  Neem,  constantly  with 
us  in  Southern  India,  and  the  Bacain  or 
Indian  lilac  which  we  have  in  Southern  India, 
but  which  is  a far  more  common  tree  in  the 
North.  There  were  the  Anacardiacece , to 
which  belongs  the  omnipresent  mango  as  to 
which  we  may  say,  with  more  truth,  what 
Bishop  Berkeley  is  reported  to  have  said  about 
the  strawberry,  that  he  had  no  doubt  that  the 
Almighty  could  have  made  a better  fruit,  but 
that  he  had  certainly  not  done  so.  There  were 
the  curious  Rhizophorece,  the  Mangrove  family, 
and  I know  not  how  many  more. 


In  addition  to  the  Orders,  of  which  I was 
quite  ignorant,  there  were  many  of  which  I 
knew  very  little  in  their  wild  state,  but  with 
which  I came  to  live  intimately  in  many  places, 
and  more  particularly  in  the  lovely  gardens  of 
Guindy,  which  I found  richly  stored,  and  left,  I 
am  happy  to  say,  much  more  richly  stored. 
India  is  so  wide  a word  that  almost  every  sweep- 
ing assertion  made  about  it  is  pretty  sure  to  be 
liable  to  very  large  exceptions.  I think,  I may 
say,  however,  that  in  no  part  of  the  country 
which  I have  visited  is  the  herbaceous  vegeta- 
tion of  the  plains  equal  to  that  of  the  warmer 
temperate  zone,  or  even  that  of  our  owr 
southern  counties.  I should  much  doubt 
whether  any  dweller  in  the  plains  of  India  could 
see  a sight  such  as  is  presented  to  the 
inhabitant  of  London  who  will  take  the  trouble 
to  run  down  in  the  month  of  May  to  Kew 
Gardens  and  walk  round  the  railing  which  shuts 
off  the  Queen’s  Cottage,  with  its  long  glades  of 
bluebells. 

The  nearest  approach  to  anytfung  of  the 
sort  which  I came  across  in  India  was  in  the 
little  State  of  Cochin,  where,  during  a walk  with 
Mr.  Gamble,  I saw  in  front  of  me  what 
looked  at  a distance  to  my  wTetched  eyes 
like  a patch  of  exposed  rock,  but  which 
turned  out,  as  I drew  nearer,  to  be  about 
an  acre  densely  covei-ed  with  a species  of 
balsam. 

On  the  Nilgiris  the  Strobilanths,  a genus 
allied  to  the  Acanthus , which  is  said  to  have 
suggested  the  Corinthian  capital,  flower  at 
intervals  of  a few  years  in  such  profusion  that 
some  people  have  quite  erroneously  imagined 
that  it  was  their  colour  which  suggested  the 
name  of  the  Blue  Mountains.  That  is  a mere 
modern  cleverism,  but  I have  seen  the  low- 
growing  species,  known  as  Sessilis,  produce 
an  effect  which  rem.inded  me  somewhat  of  the 
English  bluebell.  Most  strobilanths  in  the 
Nilgiris,  however,  grow  high — some  of  them 
very  high — and  convey,  of  course,  a totally 
different  impression. 

On  the  other  hand,  nothing  with  which  the 
temperate  zone,  even  in  its  warmer  regions, 
makes  us  acquainted,  prepares  us  for  the 
magnificence  of  the  Indian  flowering  trees. 
Neither  Southern  nor  Northern  Europe  con- 
tains anything  to  compare  with  the  grand 
Lager stroe?nia  regince,  a near  relation  of  ou 
little  willowstrife  ; with  the  silk-cotton  tree, 
Bombax  Malabaricum  ; or  with  Catharto- 
carpus  fistula,  the  Indian  laburnum.  Tha 
tree  in  its  relations  to  its  lovely  and  loveable, 
but  far  less  splendid,  European  relative,  is 
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exactly  typical  of  the  difference  between  Indian 
trees  and  those  of  our  latitudes. 

The  size,  too,  of  many  Indian  trees,  wholly 
irrespective  of  their  flowers,  is  exceedingly 
impressive.  The  tallest  I ever  saw  was  a silk- 
cotton  tree  in  Travancore,  which  cannot  have 
been  much  short  of  200  feet  high,  but  Sir 
Dietrich  Brandis  told  me  that  he  had  seen 
a pine  in  Kulu  and  an  Antiaris,  allied  to 
the  Upas  tree  in  |Burma,  both  of  which 
reached  250  feet.  I do  not  know  what  height 
may  not  be  attained  by  some  of  the 
Australian  Eucaly;pti  in  the  climate  of  South 
India  if  they  are  allowed  to  live  out  their 
lives.  The  Eucalyjotus  globi^lus  on  the 

Nilgiri  hills  grows  at  the  rate  of  ten  feet 
a year.  It  is  another  species  of  Eucalyptus, 
however,  whose  dimensions  distance  that  of 
all  other  trees  if  it  be  indeed  true  that  one 
of  them  having  fallen  across  a ravine  in 
Victoria  was  measured  with  the  result  that 
the  portion  which  lay  across  the  ravine  would 
f set  upright,  have  been  as  tall  as  the 
Cathedral  of  Strasburg,  while  if  a bit  knocked 
off  in  its  fall  had  been  added  to  it,  it  would 
have  been  as  tall  as  that  of  Cologne.  I will 
say  in  the  words  with  which  the  great 
conqueror  Baber  in  his  memoirs  concludes 
his  delightful  parrot  stories  ; — “ Let  the 
credit  rest  with  the  relator ; ’ ’ but  it  may 
be  recommended  as  a tale  with  which  to 
stop  too  much  boasting  about  the  big  trees 
of  California. 

I always  wonder  why  more  Indian  woods 
are  not  introduced  into  English  cabinet  work. 
Some  of  them  are  very  beautiful,  and  very 
unlike  anything  one  ever  sees  in  this  country. 
Through  the  kindness  of  Mr.  Gamble,  I was 
able  to  bring  home  a small  collection  con- 
sisting of  105  specimens  of  woods,  most  carefully 
catalogued  and  named  by  him.  These  be- 
longed, with  few  exceptions,  to  trees  to  which 
my  attention  had  been  called  in  various  ways, 
representing  only  a portion  of  the  very  numerous 
South  Indian  trees.  The  case  which  enclosed 
them  was  made  of  Gluta  Travancorica,  a 
lovely  wood,  which,  nevertheless,  I have  never 
known  employed  in  this  country.  To  the  same 
kind  friend  I am  indebted  for  another  case 
made  of  mango  wood,  and  containing  the 
leaves  of  a great  many  of  the  same  and  other 
trees,  so  that  at  any  time  I can  with  little 
trouble  think  myself  back  in  the  tropics,  a 
result  to  which  I am  also  helped  by  having 
taken  into  my  service  for  between  two  and 
three  years,  a very  careful  native  artist,  who 
painted  for  me  most  of  the  shrubs  and  flowers 


with  which  I was  surrounded,  and  which  gave 
me  so  much  pleasure  at  Madras,  at  Guindy, 
and  at  Ootacamund.  I need  hardly  say  that 
I never  dreamt  of  making  a herbarium  in 
India  ; that  would  have  been  wholly  out  of  the 
question,  even  if  I could  have  devoted  to 
botany  anything  more  than  the  fag-ends  and 
corners  of  my  time.  The  flora  of  the  country 
afforded  me  a very  much  greater  amount  of 
relaxation  than  all  other  things  put  together. 
It  made  all  travelling,  which  without  it  would 
have  been  sometimes  rather  irksome,  a per- 
petual source  of  pleasure,  and  gave  me  some- 
thing to  observe  on  every  walk  and  every  ride. 
There  is  hardly  a page  of  my  diary  which  does 
not  contain  some  reference  to  it — all  that  1 
could  pretty  well  foresee,  but  I by  no  means 
foresaw  some  other  bearings  of  my  interest  in 
botany. 

I have  given  to  this  address  the  name  of 
“ Recreations  of  an  Indian  Official”  because 
I hoped  that  I might  be  able  to  place  in  it, 
here  and  there,  a sentence  which  might  suggest 
to  many  Indian  officials  at  the  commencement 
of  their  career  some  line  of  inquiry  which 
might  afford  them  a certain  amount  of  pleasure. 
If,  however,  the  official  chances  to  find  himself 
in  a high  position— above  all,  if  he  finds  him- 
self in  the  position  of  governing  an  Indian 
province — these  pursuits  which  I have  been 
treating  merely  as  recreations  may  take  a 
different  character.  Again  and  again  I found 
my  work  closely  knit  with  one  or  two  of  them. 
When,  for  example,  I received  my  appoint- 
ment in  the  summer  of  1881,  the  very  first 
question  which  the  India  Office  asked  me  to 
consider  was  that  of  the  state  of  the  Madras 
forests,  and  one  of  the  first  people  whom  I 
saw  on  the  platform  when  my  train  steamed 
into  Madras  was  my  old  friend  Dr.  (now  Sir) 
Dietrich  Brandis,  sent  down  by  the  Viceroy 
to  confer  with  me  upon  that  subject.  He 
remained  in  the  Presidency  for  a year,  and  in 
the  closest  communication  with  me.  By  his 
help  and  by  that  of  my  colleagues  and  others 
I succeeded  in  putting  both  legislation  and 
administration  on  a footing  which  brought, 
even  before  I left  the  country,  additions  alike 
to  the  prosperity  of  the  people  and  to  the 
revenue  of  the  Government.  On  my  very  first 
tour  of  inspection  I had  to  go  into  a question 
as  to  a particular  species  of  cinchona  in  the 
Government  plantations,  about  which  some, 
as  it  turned  out,  quite  unnecessary  alarms  had 
been  circulated. 

After  each  of  the  eight  tours,  in  which  I 
visited  all  of  our  twenty-two  districts  hearing 
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everything^  that  the  most  authorised  exponents 
of  local  aspirations  had  to  say,  1 referred  all 
my  notes,  all  the  addresses  I had  received,  and 
all  the  replies  I had  made,  to  my  Departments, 
so  that  everything  which  had  struck  me,  as 
well  as  every  suggestion  that  had  been  made 
to  me,  should  be  thoroughly  considered,  and 
every  request,  if  possible,  complied  with.  I 
gave  the  Departments  nearly  a year  after  the 
conclusion  of  the  eight  tours,  to  bring  all  in 
order,  and  then  called  for  a report  as  to  every 
single  point  that  had  been  referred  to  them. 
I then  examined  all  their  replies,  and  drew  up, 
in  the  shape  of  a minute,  a full  explanation  as 
to  what  had  been  done,  what  had  not  been 
done,  and  the  reasons  for  the  same.  A copy 
of  this  document  fell  into  the  hands  of  my  old 
friend  Mr.  George  Venables,  who,  as  all  who 
knew  that  exceedingly  brilliant  man,  one  of  the 
ablest  of  the  Cambridge  generation  of  which 
Tennyson  was  king,  will  remember,  was  about 
as  little  interested  in  external  nature,  and 
about  as  much  interested  in  men  and  books,  as 
any  one  possibly  could  be.  He  wrote  as 
follows  • — 

“ I am  moved  to  write  to  you  by  having  just  read 
your  minute  of  official  tours  through  your  kingdom. 
I had  heard  of  it,  but  not  seen  it  till  Eastwick  lately 
sent  me  a copy.  I have  been  very  much  interested 
in  it.  It  is  much  pleasanter  reading  than  any  other 
Blue-book  I remember,  and  nothing  has  given  me  so 
dear  and,  I suppose,  so  accurate  an  explanation  of 
the  way  in  which  India  is  governed. 

“Your  comments  on  trees  and  other  vegetable 
products  justify  the  proverb,  ‘ keep  a thing  for  seven 
years  and  you  will  find  a use  for  it.’  I should  hardly 
have  expected  that  even  in  seven  years  botany  would 
be  useful  to  a statesman.” 

Again  two  years  later  than  this,  in  another 
paper  extending  in  point  of  size  like  its 
predecessor  to  a respectable  octavo  volume, 
I reviewed  everything  that  had  been  done 
during  my  five  years  tenure  of  office,  so  that  if 
useful  things  which  I started  were  not  carried 
on  by  my  successors,  it  should  be  no  fault  of 
mine.  Here,  too,  I find  that  the  subjects  on 
which  I have  touched  to-day  have  on  their 
graver  side  a considerable  place.  It  contains, 
I see,  sections  dealing  with  “ Agriculture,” 
■"Planting,”  "Forests,”  "Cinchona,”  "Horti- 
culture,” "Botany,”  "Economic  Plants,” 
&c. 

The  Governor  of  Madras  is  also  Chancellor 
of  its  University  and,  before  laying  down  my 
office,  I took  an  opportunity  of  addressing 
to  the  youths  of  South  India,  and  more 
especially  to  its  graduates,  such  counsel  as  I 


thought  most  likely  to  benefit  them.  The 
subjects  with  which  I have  been  dealing  this 
afternoon  came,  amongst  others,  under  reviewq 
and  I should  like  to  quote  some  things  I then 
said  with  a view  to  show  how  I think  the  study 
of  external  nature  might  be  made  of  value  to 
the  youthful  native,  of  much  more  value  than 
some  of  the  quasi-philosophical  speculations  in 
which  he  is  too  prone  to  indulge  and  which  are 
about  as  useful  as  spinning  a top  or  trying  to 
square  the  circle. 

A large  section  of  my  counsels  related,  of 
course,  to  the  topics  of  which  Professor  Max 
Muller  spoke  in  the  lecture  I mentioned  in 
the  beginning  of  this  paper,  and  m,any  also 
to  industrial  pursuits,  but  I passed  towards 
the  end  of  what  I had  to  say  to  the  sciences 
of  observation  of  which  I have  been  speaking 
this  afternoon.  With  regard  to  these  I said  : — 

"There  is  no  want  of  aptitude  amongst  you  for 
these  studies,  so  dignified  and  so  repaying  in  point  of 
happiness ; I could  mention  the  names  of.  several 
native  friends  of  mine  who  show  a great  turn  for 
them,  but  I do  not  think  they  are  graduates. 

“The  weakest  part  of  our  system  of  higher  educa- 
tion has,  up  to  this  time,  been  that  which  is  concerned 
with  the  sciences  of  observation,  but  the  men — Dr. 
Thurston,  Dr.  Bourne,  and  others — I have  just 
mentioned  bring  into  the  Presidency  the  latest 
methods  and  results  of  the  most  renowned  schools  in 
Europe.  I doubt  not  that  they  will  have  a pretty 
tough  battle  to  fight  before  they  get  into  the  minds  of 
the  teachers,  to  say  nothing  of  the  pupils,  that  no 
science  which  is  not  derived  from  direct  contact  ^\•ith 
nature  is  good  for  anything.  What  is  wanted  amongst 
our  Indian  youth  is  not  a knowledge  of  what  books  or 
professors  say  about  natural  objects,  but  what  those 
natural  objects  say  about  themselves.  In  this,  as  in 
many  other  departments  of  life,  the  function  of  the 
middleman  always  tends  to  become  disproportionally 
great.  We  want  to  bring  your  minds  into  the  closest 
possible  relations  with  the  producers  of  impressions, 
that  is  to  say,  with  the  things  which  you  see  and  touch. 
No  middleman  should  be  employed  when  the  first 
difficulties  are  surmounted  but  your  own  senses. 

“ The  yearly  flower  show  in  Madras  furnishes  agree- 
able evidence  that  the  taste  for  horticulture,  if  not  for 
botany,  has  taken  some  hold  amongst  the  wealthier 
natives.  I trust  this  taste  may  go  on  spreading,  for 
it  is  at  once  an  indication  of  advancing  chilisation 
and  an  agency  for  advancing  it  further. 

" I might  go  on  to  speak  of  other  sciences  and  other 
pursuits,  but,  I hope,  I have  said  enough  to  show  you 
how  many  directions  there  are  in  which  our  graduates 
may  usefully  employ  themselves — not  only  may,  but 
must — if  South  India  is  to  prosper. 

“ It  is  not  by  their  political  machinery  that  Western 
countries  have  prosj:)ered,  even  when  that  machinery 
has  been  well  contrived.  It  has  been  much  more 
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by  ten  thousand  influences,  trade,  mining,  manufac- 
tures, inventions,  universities,  books,  learned  societies 
and  what  not,  combining  in  one  or  two  exceptionally 
favoured  countries,  with  well-contrived  political  in- 
stitutions. Before  the  knowledge  which  we  bring 
you  ready-made  can  have  its  perfect  work,  your 
national  life  must  be  enriched  in  a vast  number  of 
ways  of  which  I am  afraid  a great  number  of  you  have 
not  even  begun  to  think.  I trust  that  I may  succeed 
in  making  you  think  about  them  or  some  of  them,  for 
there  is  a great  amount  for  the  most  educated  class  in 
Southern  India  to  do  before  they  have  got  for  their 
country  that  sort  of  recognition  which  they  ought  to 
get  for  what  is  undoubtedly  one  of  the  oldest  lands 
in  the  universe. 

“We  have  in  the  Madras  Presidency  very  few  records 
of  even  the  secondary  formations  ; but  a large  part  of 
its  surface  is  covered  by  masses  of  crystalline  gneiss, 
which  was  looking  very  much  as  it  does  now  aeons  and 
aeons  before  the  greater  part  of  England  rose  from 
beneath  the  waves. 

“ And  the  immense  majority  of  its  inhabitants, 
although  they  certainly  cannot  say  that  they  are  as  old 
as  the  rocks  of  the  Nilgiris,  would,  at  least,  if  they 
did  so,  come  very  much  nearer  the  mark,  than  did  the 
great  French  family,  of  whom  it  was  said  ‘ noble  as 
the  Barrases,  old  as  the  rocks  of  Provence.’ 

“It  is  not  only  an  ancient  but  a beautiful  land  in 
which  the  lot  of  most  of  you  is  cast.  There  is  hardly 
a district  in  the  Presidency  which  does  not  contain 
scenery  which  people  in  Europe  would  go  hundreds 
of  miles  to  see,  and  of  which  the  globe-trotter  pur- 
suing his  way  over  ‘ the  bare  stony  wolds  of  the 
Deccan,’  and  the  monotonous  plains  so  common  in 
Northern  India,  little  dreams.  Such  a land  well 
deserves  that  the  best  efforts  of  its  inhabitants  should 
be  given,  first,  to  make  the  most  of  its  resources, 
and,  secondly,  to  illustrate  it  by  leading  therein  lives 
W'hich  may  be  useful  to  the  world  at  large.” 

I made  a point,  as  in  duty  bound,  of  sending 
to  Kew  every  seed  I could  think  of  which  was 
at  all  likely  to  be  thought  either  botanically 
interesting,  economically  useful,  or  ornamental 
there.  I say  as  in  duty  bound,  because  I 
cannot  speak  too  strongly  from  my  experience 
at  the  India  Office,  at  the  Colonial  Office,  and 
as  Governor  of  Madras,  of  the  splendid  services 
which  have  been  performed  abroad  for  the 
Empire  under  the  guidance  of  Sir  Joseph 
Hooker  and  Mr.  Thiselton  Dyer.  From  Kew, 
after  they  had  taken  what  they  wanted,  the 
seeds  I sent  were  dispersed  all  over  the  British 
Colonies  and  many  other  lands  : Berlin, 

Cintra,  Christiania,  Upsala,  Orotava  in  the 
Canaries,  Cambridge  in  Massachusetts,  the 
island  of  Grenada,  and  Mauritius  are  a few’ 
only  of  the  widely-scattered  places  to  which 
our  Madras  seeds  found  their  way  during  my 
five  years. 


I had,  too,  the  satisfaction,  thanks  to  the 
suggestion  and  co-operation  of  Kew’  and  to  the 
very  intelligent  sub-collector  of  Tellicherry,  of 
introducing  the  pepper  into  the  West  India 
Islands.  It  may  seem  strange  that  this  was 
left  for  our  own  times  to  accomplish,  seeing 
that  the  Malabar  pepper  trade  with  Europe 
goes  back  quite  to  Roman  times  ; but  the 
difficulties  before  these  days  of  Wardian  cases 
seem  to  have  been  insuperable. 

There  is  no  greater  mistake  than  to  suppose 
that  because  plants  are  common  and  familiar 
objects  in  the  tropics,  they  are  quite  sure  to  be 
equally  familiar  even  in  the  splendid  hot- 
houses of  Kew.  The  truth  is,  that  in  our 
cloudy  climate  tropical  plants  easily  drop  out 
of  cultivation,  and  sometimes  there  are  strange 
gaps  left  by  the  operation  of  accident.  I found, 
for  instance,  that  the  Borassus Jlabcllifo7'miSy 
the  Palmyra  palm,  which  is  so  common  in 
South  India,  that  in  the  single  district  of 
Tinnevelly  there  are  said  to  be  1,000,000  trees, 
was  not  represented  in  our  great  national 
collection. 

If  the  paper  which  I am  now’  reading  does 
nothing  more  than  direct  the  attention  of  some 
of  my  hearers  to  Professor  Max  Muller’s 
lecture,  it  will  not  be  useless.  Those  who  turn 
to  that  lecture  will  perceive  that  it  directs 
attention  to  numerous  subjects  which  lie  quite 
outside  the  circle  of  those  which  I have  been 
bringing  before  you,  and  whole  leagues  aw’ay 
as  well  from  the  routine  of  a young  or  middle- 
aged  soldier  or  civilian’s  life  in  India,  as  they 
are  from  the  great  political,  military,  financial 
or  public  works’  questions,  w’hich  absorb  so 
much  of  the  attention  of  their  elders  in  the 
official  hierarchy.  It  is  really  very  little 
matter  to  what  branch  noticed,  either  by 
Professor  Max  Muller  or  myself,  the  sojourner 
in  India  devotes  himself  in  his  leisure  hours, 
and  I could  easily  mention  some  w’hich 
neither  of  us  has  touched  on.  Supposing, 
for  instance,  any  one  were  to  determine  to 
master  in  the  first  half-a-dozen  years  of  his 
time  in  India,  Sir  Henry  Yule’s  altogether 
delightful  glossary,  published  under  the  mis- 
leading yet  perfectly  appropriate  title  of 
“ Hobson-Jobson,”  how  vastly  would  he  have 
extended  his  range  of  intellectual  interests 
as  well  as  his  knowledge  of  the  East. 

Madras  officials  are  particularly  fortunate 
in  having  windows  opened  for  them  in  every 
direction  by  the  great  Manual  compiled  by 
Dr.  Maclean,  a man  of  real  genius.  The 
Indian  services  are  very  rich  in  men  of 
ability,  well  supplied  with  men  of  talent. 
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but  genius  is  rare  in  them  as  it  is  in  most 
other  places. 

It  is,  I repeat,  a matter  of  great  indilTerence 
to  what  amusement  an  Indian  official  devotes 
himself,  provided  it  is  not  some  mere  silly 
device  for  getting  rid  of  a portion  of  the  three 
score  years  and  ten,  wffiich  go  alas ! fast  enough, 
as  we  all  find  out  when  we  get  towards  their 
conclusion.  Well  did  a wise  man  lately  taken 
from  us  say  : 

“The  serA'ice  of  philosophy,  and  culture  as  well,  to 
the  human  spirit,  is  to  startle  it  into  a sharp  and  eager 
observation.  Every  moment  some  form  grows  perfect 
in  hand  or  face ; some  tone  on  the  hills  or  sea  is 
choicer  than  the  rest  ; some  mood  of  passion  or 
insight  or  intellectual  excitement  is  irresistibly  real 
and  attractive  for  us — for  that  moment  only.  Not 
the  fruit  of  experience,  but  experience  itself  is  the 
end.  A counted  number  of  pulses  only  is  given  to 
us  of  a variegated,  dramatic  life.  How  may  we  see 
in  them  all  that  is  to  be  seen  in  them  by  the  finest 
senses  } How  can  we  pass  most  swdftly  from  point 
to  point,  and  be  present  always  at  the  focus  where  the 
greatest  number  of  vital  forces  unite  in  their  purest 
energy  } 

“To  burn  always  wth  this  hard  gem-like  flame, 
to  maintain  this  ecstasy,  is  success  in  life.  It  is  only 
the  roughness  of  the  eye  that  makes  any  two  persons, 
things,  situations,  seem  alike.  While  all  melts  under 
our  feet,  we  may  well  catch  at  any  exquisite  passion, 
or  any  contribution  to  knowledge  that  seems,  by  a 
lifted  horizon,  to  set  the  spirit  free  for  a moment,  or 
any  stirring  of  the  senses,  strange  dyes,  strange  flowers 
and  curious  odours,  or  work  of  the  artist’s  hands,  or 
the  face  of  one’s  friend.  Not  to  discriminate  every 
moment  some  passionate  attitude  in  those  about  us, 
and  in  the  brilliance  of  their  gifts  some  tragic  dividing 
of  forces  on  their  ways,  is,  on  this  short  day  of  frost 
and  sun  to  sleep  before  evening.” 

I know,  of  course,  that  there  are  people  who 
tell  us  that  there  are  fewer  officials  who  amuse 
themselves  in  an  intelligent  way  in  India,  after 
their  w'ork  is  over,  because  that  work  has  now 
become  so  very  hard.  No  doubt  it  is  very  hard, 
but  at  the  same  time  there  is  a great  deal  of 
truth  in  Goethe’s  saying  “Time  is  endlessly 
long,  and  every  day  is  a vat  into  which  a great 
deal  may  be  poured  if  you  wflll  only  fill  it  up.” 
It  is  not  to  be  denied  that  India,  like  most 
other  countries,  is  cursed  with  too  many 
official  returns  and  reports.  Lord  Cromer, 
when  he  was  staying  wdth  me  in  India, 
told  an  excellent  story  d A^oAos  of  the 
terrible  lengthiness  of  Indian  documents, 
in  an  after-dinner  speech.  During  the  Franco- 
German  war  General  Blumenthal  assembled 
the  new'spaper  correspondents  with  the  army 
and  said:  “Gentlemen,  there  is  too  much 


writing;  if  this  goes  on  somebody  will  be 
shooted  ; will  you  come  to  breakfast, 
gentlemen  ? ” 

I am  sure  most  Indian  Governors,  Viceroys, 
and  .Secretaries  of  State  w’ould  like  to  see  their 
officials  imitate  the  style  of  that  diplomatist 
who  wrote  what  Lord  Palmerston  said  was  the 
best  despatch  he  ever  received  : “ My  Lord,  I 
have  the  honour  to  transmit  to  your  Lordship 
the  latest  Constitution  promulgated  in  this 
country.  If  it  is  not  absolutely  perfect  it  is  at 
least  perfectly  absolute.” 

Lest,  however,  you  should  say  to  yourselves 
that  I am  sinning  against  my  own  advice,  1 
now  bring  these  remarks  to  a close. 


DISCUSSION. 

The  Chairman  said  the  audience  would,  he  was 
sure,  all  appreciate  the  interesting  and  admirable 
account  which  Sir  M.  E.  Grant  Duff  had  given  of  his 
recreations  as  an  official  in  India.  The  paper  merited 
all  that  he  had  said  of  it  in  anticipation,  and  touched 
on  subjects  on  all  of  which  the  reader  of  the  paper 
spoke  with  accurate  knowledge ; it  was  full  of  trite 
quotations  and  apposite  aphorisms,  and  to  all  it  sug- 
gested various  means  of  recreation  which  could  be 
usefully  adopted  by  officials.  The  reader  of  the 
paper’s  knowledge  of  botany  and  natural  history 
was  so  great  that  he  could  not  attempt  to 
criticise  any  portion  of  the  paper  dealing  with  those 
subjects.  Every  one  present  had  either  been  con- 
nected with  or  was  interested  in  Indian  government, 
and  it  was  a question  which  had  sometimes  occurred 
to  him,  how  was  it  that  Indian  officials,  who  wrote  so 
admirably,  by  the  length  of  their  writings  so  greatly 
diminished  the  time  available  for  their  own  recreation, 
and  that  of  others  who  had  to  read  them  1 Some  said 
that  it  was  due  to  the  fact  of  Warren  Hastings,  who 
W'as  an  admirable  writer,  having  a copious  style;  and, 
therefore,  everyone  who  aspired  to  be  a Warren 
Hastings,  if  he  could  not  equal  his  writings  in  ability, 
at  all  events  imitated  their  length.  Others  said  it  was 
the  effect  of  the  competitive  examination  system 
under  which  young  gentlemen  who  had  obtained 
appointments  in  consequence  of  possessing  more 
knowledge  than  their  competitors  were  placed  in 
isolated  situations  where  they  recognised  that  they 
knew  a great  deal  more  than  most  of  those  around 
them,  and,  therefore,  thought  it  their  duty  to 
thoroughly  coach  their  superiors  upon  any  and  ever\’ 
subject  on  which  they  wrote.  He  did  not  think  that 
quite  accounted  for  it,  because  he  had  noticed  that 
however  long  the  original  paper  of  a subordinate 
might  be,  the  letter  of  his  superior  was  always  longer 
still.  In  the  House  of  Commons  a gentleman  once 
attempted  to  control  the  ganaility  of  the  members  by 
bringing  in  a Bill  to  limit  the  length  of  all  speeches  to 
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ten  minutes,  but  be  did  not  tbink  they  would  ever  live 
to  see  the  bappy  day  when  sucb  a measure  would  be 
passed,  though  it  would,  no  doubt,  improve  the 
quality  of  the  speeches  ; but  he  hoped  some  great 
statesman  connected  with  India  would  some  day  be 
able  to  get  the  Civil  Service  to  accept  some  such 
self-denying  ordinance.  A well-drawn  up  telegram 
would  frequently  give  all  the  information  required, 
and  the  despatch  which  followed  w^ould  be  ten  times 
as  long,  and  occupy  many  hours  in  composition.  The 
only  criticism  he  would  make  on  the  paper  was  with 
regard  to  a passage  in  the  early  part  of  it,  in  which 
sport  was  rather  summarily  disposed  of  as  hardly  to  be 
included  in  the  category  of  useful  or  profitable  amuse- 
ments. He  must  say  he  should  be  very  sorry  to  see 
sport  eliminated  from  official  recreations.  Sport  in 
an  Eastern  climate  with  an  enerv^ating  temperature 
was  a great  inducement  to  people  to  exercise  self- 
control  and  keep  themselves  in  condition,  and, 
especially  when  it  was  associated  with  shooting 
dangerous  animals,  it  tested  the  eyes,  hand  and 
nerve,  trained  them  all  to  act  together,  and  developed 
habits  of  self-reliance  and  promptitude  of  decision, 
which  w^ere  very  v^aluable.  Therefore,  although  the 
love  of  sport  might  tend  to  make  some  people  forget 
or  ignore  other  foians  of  recreation,  he  should  be 
sorry  to  see  it  put  altogether  on  one  side,  as  it  would 
denote  a degeneration  in  the  virile  character  of  official- 
dom which  w’ould  be  very  much  to  its  detriment. 
Referring  to  he  quotation  from  Sir  E.  Arnold, 
that  whatever  faults  India  might  have  there  was 
nothing  vulgar  about  it,  and  that  the  stamp  of 
a vast  past  w’as  over  all  the  land,  he  said  the 
object  of  these  papers  was  that  persons  interested 
, in  India  should  meet  and  discuss  matters  of  im- 
portance, and,  admitting  all  the  grandeur  of  the 
past,  should  try  to  improve  the  condition  of  the 
people  under  the  British  administration,  and  to  bring 
about  a still  greater  future.  Prosperity  he  did  not 
think  ever  hardly  tested  the  stability  or  recuperative 
power  of  any  great  community  or  nation.  It  was 
adversity  alone  which  tested  how  far  it  could  stand 
the  strain  of  adverse  circumstances.  India  had 
recently  passed  through  a rare  combination  of  great 
difficulties ; she  had  suffered  greatly,  but  under  the 
guidance  of  the  British  administration,  she  was  now 
emerging  from  the  ordeal,  and  already  there  were 
many  indications  that  she  possessed  a recuperative 
power  which  had  not  been  anticipated.  He  hoped 
that  in  the  coming  period  of  prosperity  they  might 
be  able  to  associate  all  that  was  great  and  good  in  the 
past  with  something  greater  and  better  in  the  future. 

Mr.  H.  M.  Birdwood,  C.S.I.,  LL.D.,  said  it 
would  be  impossible  for  him,  he  feared,  to  attain  to 
that  perfection  of  brevity  which  so  commended  itself 
to  Lord  Palmerston  in  the  diplomatic  despatch  to 
which  their  attention  had  just  been  directed  ; still, 
he  trusted  he  should  not  be  altogether  regardless  of 
the  caution  with  which  Sir  Mountstuart  Grant  Duff 
brought  to  a close  his  graphic  description  of  the 


recreations  of  an  Indian  official.  He  (the  speaker) 
thought  he  might  safely  say  that  most  Indian  officials 
would  heartily  endorse  Sir  Mountstuart’s  views  as  to 
the  multiplication  of  official  returns.  The  Bombay 
Government  tried  some  years  ago  to  check  the 
growing  evil  by  suggesting  that  most  returns  were 
useless,  as  nobody  ever  read  them ; but  it  found 
itself  helpless  against  the  stream  of  tendency.  Com- 
plicated figured  statements  might  be  a necessity  for 
some  statistical  purposes,  but  they  were  none  the  less 
an  evil;  if,  for  no  other  reason,  still  for  the  very 
sufficient  reason  that  official  business  already  w’eighed 
so  heavily  on  many  of  our  officers  that  they  no  longer 
had  the  same  leisure  for  recreation  that  they 
once  enjoyed.  But  he  was  glad  to  say  that, 
somehow  or  other,  notwithstanding  this  drawback, 
many  officials  still  managed  to  find  time  for  reason- 
able and  wholesome  enjoyments  outside  the  routine 
of  their  ordinary  daily  w’ork.  He  should  be  very  sorry 
indeed  if  it  were  otherwise ; for,  quite  apart  from  the 
refreshing  and  invigorating  effect  of  such  delights, 
or  any  possible  extension  of  our  field  of  knowledge 
or  any  possible  gains  to  science,  he  thought  that  our 
position  in  India  w'as  distinctly  improved  by  the 
circumstance  that  so  many  Englishmen  took  advan- 
tage of  the  opportunities  that  arose,  in  the  eight 
months  of  the  year  which  they  spent  under  canvas 
far  from  the  head-quarters  of  their  districts,  for 
enlarging  their  acquaintance  with  the  country  and  its 
people,  its  natural  histoiy,  and  its  great  natural 
resources.  If  there  was  one  part  of  .Sir  Mountstuart 
Grant  Duff’s  paper  in  which  he  found  himself  unable 
to  agree,  it  wns  that  part,  already  commented  on  by 
the  Chairman,  in  wffiich  he  confessed  to  an  imperfect 
sympathy  with  Indian  sportsmen.  His  (the  speaker’s) 
owm  belief  was  that  scarcely  any  occupation  brought 
British  officers  more  closely  in  touch  with  the  poorer 
classes  of  the  people  or  gave  them  clearer  insight 
into  their  condition  and  their  wants  than  the 
pursuit  of  big  game  and  other  kindred  forms  of 
sport,  to  say  nothing  of  the  habits  of  self-reliance 
and  readiness,  strengthened  thereby,  which  must 
always  be  a valuable  addition  to  the  equipment 
of  every  British  officer  in  any  responsible  position, 
whether  he  be  an  Englishman  or  an  Indian.  They 
had  all  read  Rudyard  Kipling’s  latest  story  of  the 
Satpura  mountains  of  Central  India,  which  w^ell 
illustrated  the  sort  of  influence  that  a keen  and 
successful  sportsman  obtained  over  the  untutored 
minds  of  Bhil  highlanders,  who  were  aU,  to  a man, 
above  all  things,  eager  sportsmen.  They  had  had 
officers  of  the  same  type  in  their  Khandesh  Satpuras, 
in  the  Panch  Mahals  of  Guzerat,  and  the  Canara 
jungles.  The  names  of  Ashbumer,  Probyn,  Sheppard, 
Wise,  and  Pollen,  in  Khandesh;  of  Westmacott, 
Segrave,  Little,  La  Touche,  Propert,  and  Mulock, 
in  Guzerat ; and  of  Peyton,  MacGregor,  and  David- 
son, in  Canara ; and  a host  of  others  were  familiar  as 
household  words  to  the  brave  occupants  of  many 
humble  homes  in  those  wild  regions.  And  he  did  not 
doubt  that  some  of  these  officers  had  found  the 
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experience  thus  acquired  in  pathless  woods,  or 
on  the  bare  hillside,  of  signal  service  to  them  in 
after  years,  whether  they  had  been  called  to  such 
high  civil  office  as  had  fallen  to  the  lot  of 
one  of  them — happily  with  them  this  evening — 
their  friend,  Mr.  Lionel  Ashburner,  or  whether  they 
had  been  entrusted  with  the  command  of  troops  in 
arduous  mountain  warfare,  as  had  been  the  case  with 
General  Richard  Westmacott,  who  had  so  greatly 
distinguished  himself  in  the  Tirah  campaign,  especially 
in  the  handling  of  native  troojis.  But  however  that 
might  be,  he  should  like  to  say  that  they  in  Bombay 
had  not  neglected  those  other  recreations  of  which 
Sir  Mountstuart  Grant  Duff  had  spoken  so  instruc- 
tively. They  could  claim  as  their  own  the  author, 
Mr.  E.  H.  Aitken,  of  that  charming  book,  “ The 
Tribes  on  My  Frontier,”  to  which  Sir  Mountstuart 
had  paid  so  graceful  a tribute.  In  Mr.  Vidal,  who 
had  lately  retired  from  the  Indian  Civil  Service,  they 
had  an  accomplished  ornithologist,  who  was  also  an 
authority  on  snakes.  Most  of  those  officers  whom 
he  named  just  now,  and  some  others  who  were  not 
officials,  such  as  Mr.  Inverarity,  the  eminent  advocate, 
Mr.  Barton,  Mr.  Millard,  and  many  others  could  tell 
them  a good  deal  of  the  habits  of  various  wild  beasts. 
Their  knowledge  of  fishes  and  of  snakes  also  had 
been  increased  by  the  researches  of  two  most  enthu- 
siastic naturalists,  the  Rev.  Father  Dreckmann,  of 
St.  XaGer’s  College,  and  Mr.  H.  M.  Phipson  ; and 
their  knowledge  of  plants  by  such  ardent  botanists 
as  the  Rev.  A.  K.  Nairne,  formerly  of  the 
Bombay  Civil  Service ; the  Rev.  Dr.  Fairbank, 
of  the  American  Mission ; Dr.  Theodore  Cooke,  the 
Principal,  Mr.  Marshall  Woodrow,  one  of  the  Pro- 
fessors, and  his  assistant,  Mr.  Ranade,  all  of  the 
College  of  Science  at  Poona  ; his  own  brother,  Sir 
George  Birdwood;  Dr.  Kirtikar;  the  late  Dr.  Lisboa, 
who  was  not  an  official,  and  many  others.  They 
could  not,  indeed,  boast  of  such  a rich  and  extensive 
museum  as  Madras  had  possessed  since  the  days 
of  Dr.  Bidie,  and  he  ought  to  add,  since  the 
Governorship  of  Sir  Mountstuart  Elphinstone  him- 
self, but  they  owed  to  the  initiative  and  the  exer- 
tions of  Mr.  Sterndale,  now  one  of  our  Colonial 
Governors,  and  of  Mr.  Phipson,  the  establishment 
of  a well-stocked  museum  in  connection  with  the 
Bombay  Natural  History  Society,  which,  with  its 
excellent  journal,  edited  by  Mr.  Phipson,  always  con- 
tained good,  readable  articles,  and  was  splendidly 
illustrated,  had  done  much  to  stimulate  the  study 
of  natural  history  in  their  Presidency,  and  to  help 
them  all  to  exercise  the  faculty  of  observation. 
With  their  present  appliances,  there  was  every 
prospect,  as  Sir  ^Mountstuart  would  be  glad  to  hear, 
that  those  recreations  of  which  he  retained  so  fresh 
and  pleasant  a recollection  would  be  shared  in  and 
enjoyed  by  an  ever-increasing  circle  of  naturalists 
in  Bombay. 

General  J.  Michael,  C.S.I.,  said  that,  as  a very 
old  member  of  the  Indian  Committee  of  the  Society 


of  Arts,  and  perhaps,  also,  as  a Madras  officer,  he  had 
been  asked  to  say  a few  words.  He  did  so  with  great 
diffidence,  after  Sir  Mountstuart  Grant  Duff’s  delight- 
ful address.  He  wished  that  everyone  destined  for 
official  life  in  India  might  read  .Sir  Mountstuart  Grant 
Duff’s  paper.  Most  of  them  in  that  room  were 
probably  more  or  less  interested  in  one  or  more  of 
those  pursuits  of  science  which  he  so  happily  called 
recreations.  An  Indian  official  had  o{)portunities 
of  following  any  one  of  them  to  his  heart’s  content 
without  trenching  on  the  proper  jrerformance  of  his 
duties.  In  fact,  the  man  who  went  about  his  district 
business  with  his  rifle,  his  botanising-box,  or  his  note 
or  sketch-book  in  his  hand,  was  far  more  likely  tf> 
be  an  efficient  public  servant,  more  healthy  in  mind 
and  body  than  he  who  had  no  such  tastes.  .Sir 
Mountstuart  Grant  Duff  did  not  come  as  fiovernor 
of  Madras  until  just  after  he  (the  speaker)  had  left 
India,  so  he  never  had  the  honour  of  serving  under 
him  ; but  nearly  all  of  those  charming  and  distin- 
guished officials  mentioned  in  the  paper  were  personal 
friends  of  his,  and  he  knew  well  that  one  and  all  of 
them  enjoyed  what  Sir  M.  Grant  Duff  justly  called 
their  recreations,  not  only  without  detriment  to  their 
proper  duties,  but  with  distinct  advantage  to  the  State 
and  to  science.  Sir  M.  Grant  Duff’s  address  must 
recall  to  many  of  them  happy  days  gone  by.  As 
an  old  sportsman,  he  rejoiced  to  hear  Lord  George 
Hamilton  and  Mr.  Birdwood  advocate  sport  as  the 
best  possible  relaxation  for  our  Indian  soldiers  and 
administrators.  For  himself,  his  love  of  sport, 
natural  history,  botany,  and  forestry  were  to  him 
recreations  which  lightened  a long  course  of  duty  in 
India,  and  to  this  he  attributed,  in  a great  measure, 
the  health  and  strength  he  enioyed  at  the  age  of  three 
score  years  and  ten,  and  after  53  years  of  service  ; 
while,  honestly,  he  did  not  think  he  ever  neglected  a 
day’s  work  for  a day’s  recreation.  He  would  not 
inflict  any  tiger  or  elephant  stories  on  them,  but  as 
Sir  M.  Grant  Duff  had  alluded  to  snakes,  and  to  the 
ophiophagus  daps  in  particular,  he  might  instance 
how  one  may  sometimes  hear  a bit  of  natural  history' 
so  startling  as  to  appear  quite  incredible.  Walking 
in  the  early  dawn  along  a jungle  path  below  the 
beautiful  valley,  named  after  him,  in  the  Annanulley 
mountains,  with  some  of  the  wild  men  of  the  district 
with  him,  he  saw  a very  large  snake,  coiled  and  torpid, 
just  in  front  of  him.  On  striking  it  with  his  stick,  he 
was  surprised  to  see  its  head  rise  at  the  blow,  with  a 
hood  expanded  like  that  of  a cobra.  Another  blow 
killed  it,  and  he  looked  round  for  his  men.  They  were 
running  away  panic  stricken,  and  he  had  some 
difficulty  in  getting  them  back.  They  then  told  him 
that  it  was  a very  rare  and  deadly  snake,  which  lived 
on  other  snakes,  and  would  attack  and  pursue  men 
without  provocation.  He  accepted  this  story  with  a 
large  grain  of  salt,  but  as  the  snake  was  quite  new  to 
him,  and  8 or  9 feet  long,  he  skinned  it  and  sent  the 
skin  to  Jerdon,  who  was  a friend  of  his.  In  thanking 
him  for  it,  and  giving  him  its  name,  Jerdon  wrote 
that  it  was  the  largest  he  had  ever  seen,  that  it  was 
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very  deadly,  and,  fortunately,  very  rare,  and  lie  added, 
mucli  to  his  surprise,  that  it  eats  other  snakes,  and 
was  the  only  really  aggressive  one  known.  So  that 
after  all,  his  wild  friends  knew  more  of  natural 
history  than  he  gave  them  credit  for.  He  wondered 
whether,  in  mentioning  the  great  interest  he  took  in 
forestry.  Sir  M.  Grant  Duff  recollected  that  this  year 
1898  was  the  Jubilee  year  of  the  great  Forest  Depart- 
ment of  India,  the  operations  of  which  had  conferred 
such  inestimable  blessings  on  the  country  and  people, 
and  which  he  fully  believed  were  destined  to  exercise, 
in  the  more  distant  future,  a vast  effect  for  good  on 
the  climate,  as  well  as  on  the  water  and  food  supply  of 
India.  He  begged  leave  to  thank  Sir  Mountstuart 
for  the  great  pleasure  he  had  given  him. 

Sir  M.  E.  Grant  Duff  in  reply,  after  thanking 
the  Chairman  for  the  kind  things  he  had  said  of  him, 
said  General  Michael  was  a very  distinguished  forest 
officer,  and  a pioneer  of  much  good  work  in  that 
direction.  He  believed  one  well-known  Indian 
civilian  had  been  twice  attacked  by  an  ophiophagus. 
He  need  not  say  anything  more,  except  to  emphasize 
as  strongly  as  he  could  what  General  Michael  had 
said  about  the  Forest  Department.  It  was  certainly 
one  of  the  most  important  in  India,  and  if  it  were 
wisely  managed,  and  not  indiscreetly  pressed  in 
places  where  such  pressure  would  be  dangerous,  was 
likely  to  be  of  infinite  service  to  the  country. 

Sir  Steuart  Colvin  Bayley,  K.C.S.I.,  C.I.E., 
on  behalf  of  the  Indian  Section  of  the  Society  of 
Arts,  said  he  had  to  express  how  deeply  they  were 
indebted  to  Sir  M.  E.  Grant  Duff  for  taking  the 
trouble  to  prepare  this  paper,  and  also  their  obliga- 
tions to  Lord  George  Hamilton  for  his  kindness  in 
presiding. 


The  following  correspondence  on  the  anecdote 
quoted  by  Sir  M.  E.  Grant  Duff  onp.  251  is  reprinted 
from  The  Times  : — 

“A  pleasant  story,  said  to  have  been  told  by  Lord 
Cromer,  which  was  circulated  by  Sir  Mountstuart  E. 
Grant  Duff,  concerning  General  von  Blumenthal  and 
'‘newspaper  correspondents’  during  the  Franco- 
German  war,  in  the  paper  on  ‘ The  Recreations  of  an 
Indian  Official,’  read  at  the  Imperial  Institute  last 
Thursday,  came  upon  me  with  surprise  in  The  Times 
to-day,  but,  as  there  seems  to  be  a tendency  of  late 
to  ‘ sit  upon  the  curse  of  modern  armies,’  I hope 
I may  be  allowed  to  deprive  the  anecdote  of  any 
strengthening  efficacy  in  that  direction  by  stating  that 
the  veteran  chief  of  the  staff  of  the  Crown  Prince’s 
army  in  1870-71,  General  von  Blumenthal,  never  col- 
lected the  newspaper  correspondents,  never  suggested 
that  if  so  much  writing  went  on  ‘ somebody  would  be 
shooted,’  and,  finally,  never  asked  them  to  come  to 
breakfast.  I was  with  the  headquarters  of  that  army 
from  its  entry  into  France,  August  4,  1870,  til  its 
departure  from  Versailles  in  the  spring  of  1871,  and  I 


am  certain  no  incident  of  the  kind  ever  took  place. 
General  von  Blumenthal  certainly  on  one  occasion 
gave  a ‘ direct  hint,’  that  certain  persons  might  be 
‘ shooted,’  but  they  were  not  newspaper  corres- 
pondents, but  French  clericals  about  Se\Tes,  who 
combined  political  with  religious  functions,  and  were 
not  invited  to  breakfast. 

“ W.  H.  Russell. 

“January  21.” 


“ With  reference  to  Sir  W.  Russell’s  letter  in  your 
columns  of  this  morning,  I beg  to  say  that  if  Lord 
Cromer’s  anecdote,  told  in  an  after-dinner  speech  at 
the  Madras  Club,  was  incorrect,  I regret  haGng 
repeated  it,  for  I entirely  agree  with  the  late  Mr. 
Hayward  that  the  first  merit  of  an  anecdote  is  its 
truth.  No  one  is  more  anxious  than  I to  separate  the 
‘ pearls  ’ from  the  ‘ mock  pearls  ’ of  history,  but  it  is 
not  always  easy. 

“ M.  E.  Grant  Dupt. 

“ Januarj’  25.” 


EIGHTH  ORDINARY  MEETING. 

Wednesday,  February  2,  1898  ; Captain  W. 
DE  W.  Abney,  C.B.,  F.R.S.,  Vice-President 
of  the  Society,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Baker,  Charles  John  Seymour,  47,  Redcliffe-square, 
South  Kensington,  S.W. 

Bayley,  Frederick  Roberts,  State  Railways,  Ran- 
goon, Burma. 

Pringle,  Hon.  John,  M D.,  Cape  Clear,  Clonmel 
P.O.,  Jamaica. 

Pym,  Douglas,  Belle  Vue  Studio,  Streatham,  S.W. 
Smith,  Vere,  St.  Dunstan’s  College,  Catford,  S.E. 
Wells,  Commander  Lionel,  R.N.,  Fire  Brigade 
Headquarters,  Southwark,  S.E. 

Wirtz,  Dr.  Quirin,  M.A.,  28,  Great  Ormond-street, 
W.C. 

Wright,  John,  junr.,  3,  Surbiton  Park-terrace, 
Kingston-on-Thames. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Bosley,  Walter  Joseph,  Sewerage  Outfall  Works, 
Guildford. 

Boyd,  Captain  Mossom  Archibald,  R.E.,  Holt- 
cottage,  Burton-lane,  York. 

Braham,  A.  C.,  9,  Broughton-road,  Ealing,  W. 

Clarke,  Stephenson  Robert,  Borde-hill,  Cuckfield, 
Sussex. 

Cunnington,  Thomas  C.,  23,  Queen  Anne’s-gate, 
S.W.  ( 

Doulton,  H.  Lewis,  Lambeth  Pottery,  S.E. 

Elmer,  J.  J.,  Ethelmar-house,  Waverley-road,  Crouch- 
end,  N.  I 

Forrester,  William,  Powell-house,  Staplehurst,  Kent,  j 
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Griffith,  William  R.,  Ryclal  Mount,  Upper  Bangor, 
North  Wales. 

Hoskins,  Nancly  W.,  Invicta-house,  Plumstead- 
common-road,  S.E. 

Lawson,  Allan  John,  25,  Canning-road,  Croydon, 
Sun'ey. 

Liversedge,  Alfred  J.,  32,  Victoria-street,  Westmin- 
ster, S.W. 

Macadam,  H.  E.,  Ensleigh,  High-street,  Wanstead, 
Essex. 

Martin,  David,  2,  Provan-place,  North  Montrose- 
street,  Glasgow. 

Mitchell,  Charles  Frederick,  Seeburg,  Pennard-road, 
Shepherd’s-bush,  W. 

Ransome,  John  Wilmer,  62,  Finsbury-pavement,  E.C. 
Rathbone,  Richard  Reynolds,  J.P.,  D.L.,  Glan-y- 
Menai,  Menai-bridge,  Anglesey. 

Small,  William,  294,  Camden-road,  N.W. 

Speak,  John,  Kirton-grange,  Kirton,  near  Boston. 
Thudichum,  George  Dupre,  2,  Edinburgh-mansions, 
Howick-place,  S.W. 

Turnbull,  R.A.,  Langham-hotel,  W. 

Wheatley,  Richard,  junr.,  42,  Brougham-street, 
Birmingham. 

The  paper  read  was  on — • 

THE  CINEMATOGRAPH. 

By  Jules  Fuerst. 

In  introducing  to  your  notice  the  Lumiere 
Cinematograph,  I may  state,  to  begin  with, 
that  to-day  the  subject  of  animated  photo- 
graphy is  so  well  known  that,  strictly  speaking, 
nothing  of  a novel  character  is  presented  to  the 
audience.  I need  hardly  say  that  animated 
photographs  have  come  to  stay,  and  before 
dealing  with  the  Lumiere  machine  and  its 
efficiency  in  particular,  a few  historic  notes  as 
to  the  origin  of  chrono-photography,  or  the 
photography  of  movement,  may  not  be  out  of 
place. 

In  the  early  part  of  the  century  Platau  pro- 
duced an  instrument  termed  the  Phenakisto- 
scope,  demonstrating  the  principles  of  the 
persistence  of  vision,  and  this  subsequently 
gave  rise  to  the  Zoetrope,  or  wheel  of  life,  in 
about  1845.  This  instrument  showed  a series 
of  images  depicting  the  successive  attitudes  of 
objects  in  motion. 

Later,  in  about  1870,  the  Praxinoscope,  by 
Renault,  and  the  photographic  revolver,  by  M. 
Janssen  (in  about  1874)  appeared.  At  the 
same  period  M.  Muybridge  obtained  a series 
of  moving  photographs  taken  by  means  of 
several  dark  chambers  provided  with  lenses 
which  were  worked  electrically  at  convenient 
intervals,  and  I believe  this  apparatus,  or  an 


improvement  on  it,  was  shown  before  this 
Society  in  1882.*  Muybridge  and  Anschutz,  by 
their  photographic  studies  of  animal  locomo- 
tion, and  the  exhibition  by  projection  of  the 
results,  undoubtedly  brought  us  nearer  to  the 
realisation  of  animated  photography  as  we  now 
know  it. 

Mr.  Friese  Greene  introduced  his  camera  for 
taking  a series  of  photographs  in  rapid  succes- 
sion at  the  Photographic  Convention  in  1890, 
but  the  extent  of  its  capability  was  not  recog- 
nised then,  as  the  pictures  were  not  shown  on 
the  screen.  Mr.  Friese  Greene  read  a paper 
at  that  time  dealing  with  the  subject  of  the 
persistence  of  vision  and  its  relations  to  ani- 
mated photographs. 

It  was,  however,  M.  Marey  (a  Frenchman) 
who  gave  us  the  most  successful  results, 
having  constantly  utilised  chrono-photography 
for  studying  the  movements  of  animals  and 
various  physiological  phenomena.  There  were 
other  scientific  men  who  worked  in  the  same 
direction ; it  may  be  said,  however,  that  all 
these  scientists  generally  sought  to  produce 
successive  pictures  in  small  numbers  consti- 
tuting an  analysis  of  movement,  and  destined 
to  be  studied  at  leisure.  The  reconstitution  of 
that  movement,  that  is  to  say,  the  synthesis, 
was  first  commercially  and  practically  illus- 
trated on  the  appearance  of  the  Edison 
kinetoscope  in  1893,  but  the  film  on  which  the 
photographs  were  taken  having  a continuous 
movement,  each  picture  could  not  be  seen 
except  during  yP^th  part  of  a second,  render- 
ing the  condition  of  transparency  to  light 
extremely  feeble,  and  consequently  the  scenes 
or  views  had  little  depth — at  least  30  photo- 
graphs being  necessary  to  leave  a sufficiently 
continuous  impression  upon  the  eye. 

When  Lumiere’ s Cinematograph  was  first 
shown  in  July,  1895,  in  Paris,  the  defects 
mentioned  had  been  removed,  the  machine  per- 
mitting the  reduction  of  the  number  of  photo- 
graphs to  15  per  second,  any  three  of  which 
showed  movement.  The  working  principle 
of  the  apparatus  has  long  been  well  known,  and 
is  the  same  as  with  the  instruments  previously 
stated,  viz.,  the  persistence  of  the  luminous 
impressions  upon  the  retina,  which  is  easily 
understood. 

If  we  observ'e  an  object,  the  image  in  the 
eye  is  transmitted  to  the  nervous  membrane 
called  the  retina.  If  the  object  ceases  to  be 
illuminated  suddenly  the  image  in  the  retina 
is  progressively  removed,  and  so  long  as  it  has 
not  entirely  disappeared  the  optic  ner\'e  con- 

* Journal,  vol.  xxx.,  p.  8j8. 


256 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


^February  4,  1898. 


tinues  to  be  impressed,  and  the  eye  continues 
to  see  the  object  as  if  it  had  remained 
illuminated.  The  duration  of  the  persistence 
of  the  luminous  impression  on  the  retina  varies 
with  the  amount  of  light  on  the  object ; for  a 
normal  illumination  it  is  about  second,  and 
is  prolonged  for  another  second  although 
the  illuminated  object  may  have  disappeared 
suddenly.  Consequently  if  an  illuminated 
object  is  presented  to  the  eye  and  masked 
by  an  opaque  screen  during  -L  second  for 
instance,  its  image  persists  in  the  eye 
second,  and  we  do  not  even  perceive  its 
passing  eclipse.  Let  us  assume  therefore  a 
number  of  photographs  on  a film  at  Jy  (y^y) 
second  intervals,  showing  the  successive  move- 
ments of  an  object  ; the  various  pictures 
obtained  are  like  each  other,  that  is  to  say, 
if  any  two  thereof  are  superposed,  the  parts 
which  represent  the  fixed  objects  are  exactly 
the  same,  whereas  those  which  correspond 
with  the  object  in  movement  occupy  positions 
of  which  the  displacement  has  been  accom- 
plished during  the  time  in  which  two  pictures 
have  been  taken.  Having  said  so  much,  let 
us  assume  that  we  have  taken  900  successive 
proofs  during  a minute,  and  let  us  project  the 
same  on  a screen  by  means  of  any  lantern.  Let 
us  eclipse  image  No.  i by  interposing  between 
the  luminous  source  an  opaque  screen  which 
masks  the  light  during  Jy  second,  and,  as  we 
have  said,  the  eye  will  continue  to  see  the 
projected  image,  not  only  during  the  whole  of 
the  passage  of  the  opaque  screen  (or  shutter), 
but  even  after  it  has  passed,  during  the  time 
equal  to  the  difference  between  second  (dura- 
tion of  persistence)  and  y^  second  (duration 
of  the  passage  of  the  shutter),  that  is  y^  second. 
We  will  assume  then  that  a second  image  has 
been  substituted  for  the  image  No.  i when  the 
shutter  again  unmasks  the  source  of  light ; 
we  still  see  during  yV  second  image  No.  i, 
evidently  weaker,  but  superposed  by  the  image 
No.  2,  and  as  the  immovable  parts  coincide 
exactly,  our  eye  perceives  the  sensation  of  the 
moving  object,  attitude  No.  i succeeded  by 
attitude  No.  2. 

If  we  substituted  in  the  same  way  during 
successive  and  rapid  periods  No.  3 for  No.  2, 
No.  4 for  No.  3,  and  so  on  up  to  No.  900,  it  is 
evident  that  the  eye  sees  always  the  same 
image  in  which  the  moving  object  passes 
progressively  from  attitude  No.  i to  attitude 
No.  900.  The  eye  therefore  sees  marching  on 
the  screen  photographs  of  the  object. 

It  is  necessary  to  have  an  apparatus  to 
produce  thus  within  one  minute  the  900  light- 


eclipses  by  which  900  substitutions  of  suc- 
cessive images  are  obtained. 

In  Lumiere’s  Cinematograph  these  eclipses  | 
are  obtained  by  means  of  an  opaque  shutter,  j 
which  revolves  at  the  rate  of  fifteen  times  in  | 

each  second,  and  is  attached  so  that  during  j 

its  movements  it  intercepts  the  light  coming  ! 
from  the  projecting  lantern  at  each  turn, 
and  consequently  the  illumination  on  the 
screen  on  which  the  image  is  projected  dis- 
appears during  a fraction  of  -Jy  second.  To 
operate  the  substitution  of  images,  the  900 
successive  photographs  are  made  on  a flexible 
film  about  55  feet  long  and  if  inch  wide.  The 
dimensions  of  each  picture  are  25  m/m.  wide 
and  20  m/m.  long.  On  either  side  of  the  film 
are  perforations  (two  holes  to  each  picture)  at 
exact  distances  from  each  other,  into  which 
sprockets  periodically  penetrate  with  the  object 
of  pulling  the  film  downwards,  and  displacing 
it  at  each  passage  of  the  rotating  shutter. 
The  sprockets  remount  immediately  in  order  to 
attack  the  next  two  holes,  and  so  on. 

It  will  be  seen  that  the  construction  of  an 
apparatus  to  accomplish  such  operations  must 
be  extremely  exact  in  all  its  movements  in 
order  to  keep  the  fragile  film  uninjured,  and  to 
be  capable  of  using  films  a great  many  times. 

The  Lumiere  instrument,  thanks  to  the  alter- 
nate movement  given  to  the  crank  by  an 
eccentric  triangle  (which  is  the  fundamental 
part  of  the  Lumiere  patent),  is  to-day  the  most 
unique  and  perfect  apparatus  of  its  kind.  Thus 
the  rapidity  of  departure  and  rapidity  of  ' 
stopping  the  sprockets  is  as  progressive  as 
possible.  The  movement  of  the  sprockets  does 
not  commence  until  after  the  absolute  rest  of 
the  film,  so  as  to  catch  the  perforation  i 

accurately,  i.e.,  not  to  injure  the  holes.  As  a 
result,  the  film  rests  immovable  during  two- 
thirds  of  the  time  which  separates  two  con- 
secutive phases  of  reconstituted  movement,  the 
other  one-third  of  the  time  being  employed  in 
substituting  the  following  image. 

All  these  advantages  considered,  the  Lumiere  ! 
Cinematograph  can  be  employed  with  all 
safety,  and  furnishes  results  which  no  other  : 
machine  can  give,  and  it  is  a well-known  fact  j 
to-day  that  Lumiere’s  films  (taken  with  the  ! 
Lumiere  machine)  are  used  by  nearly  all  those  j 
who  have  machines  on  the  Edison  plan,  i.e.,  ' 

four  holes  to  each  picture,  but  who  cannot 
obtain  with  those  machines  such  perfect  results. 

It  may  be  of  interest  to  mention  that  by  adjust- 
ing the  sprockets  in  Lumiere’s  machine  they 
take  positives  with  Edison  perforation  (four  | 
holes  to  each  picture). 
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A few  notes  on  the  apparatus  may  be  of 
interest.  The  Cinematograph  actually  is  com- 
posed of  two  essential  mechanical  parts  : — 

1.  The  Eccentric  Crank. 

2.  The  Sprocket  Frame  and  Sprockets. 
Whilst  the  crank  rotates  once,  the  eccentric 
transmission  rotates  eight  times.  The  crank 
is  manipulated  by  a handle  which  the  operator 
must  turn  very  regularly,  about  two  turns  per 
second,  consequently  the  eccentric  transmission 
will  make  sixteen  turns  per  second. 

The  triangular  eccentric  is  fixed  behind  the 
transmission,  and  moves  the  sprockets  con- 
tinuously in  a circle.  The  movements  of  these 
sprockets  during  their  rotation  are  slightly 
deformed,  so  as  to  engage  the  film  in  one 
case,  and  in  the  other  case  to  disengage  it. 
At  the  end  of  the  crank  is  fixed  a shutter, 
which  is  composed  of  two  light  metallic 
sections,  which  can  be  regulated  so  as  to 
increase  or  decrease  the  size  of  the  same. 

Fig. 


have  a tripod,  a dark  slide,  a receiving  slide, 
and  a film  roller. 

'J'he  receiving  slide  is  entirely  made  of  metal, 
and  is  destined  to  roll  up  the  exposed  firm  as  it 
is  unrolled  when  photographing. 

The  film  roller  is  used  for  rolling  the  film  by 
hand ; the  film  is  introduced  into  a slit  on  the 
roller,  subsequently  rolled,  and  thus  about  50 
to  60  feet  of  the  film  are  rolled  in  a few  seconds. 

In  taking  the  negative  the  following  opera- 
tions are  necessary : — 

a.  Introducing  the  film  into  the  dark  slide. 

b.  Focussing  the  scene. 

c.  Attaching  the  film  to  the  receiving  box, 

after  which  the  door  is  closed,  and 
the  handle  inserted  ready  to  take  the 
scene. 

Focussing  the  object  is  a very  delicate  opera- 
tion requiring  all  the  care  of  the  operator.  It 
is  clear  that  the  negative  film  should  have  the 

I. 


The  Cinematograph  Camera. 


Respecting  accessory  mechanical  parts, 
there  is  a bridge-like  arrangement  on  hinges 
which  can  be  lowered  or  kept  in  position  by  a 
latch.  This  bridging  has  two  springs,  within 
which  the  sprockets  play.  It  has  also  a square 
glass  provided  with  springs,  which  presses 
lightly  on  the  film  when  operated,  so  as 
to  avoid  damage  to  the  film  in  case  of  any 
unforeseen  accident.  The  wall  is  provided  with 
velvet  to  keep  the  film  from  deteriorating,  and 
on  the  upper  part  of  this  wall  is  a rectangular 
window,  which  allows  the  image  to  be  projected 
or  photographed. 

To  obtain  the  negative,  it  is  necessary  to 


greatest  possible  sharpness,  because  the  posi- 
tives obtained  therefrom  by  contact  depend  on 
it,  and  are  subject  to  extreme  enlargement 
when  projected.  The  smallest  defects  in  the 
negative  are  very  much  exaggerated  when 
projected  on  a large  scale. 

The  negative  lens  is  provided  with  three 
diaphragms,  one  small,  one  medium,  and  one 
large  size.  The  smaller  the  aperture  of  the 
diaphragm,  the  smaller  is  the  amount  of  light 
passed,  and  therefore  the  smaller  diaphragm 
increases  the  general  sharpness  of  the  image, 
and  it  is  recommended  therefore  to  use  it  when 
a sufficient  amount  of  light  is  available. 
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A small  piece  of  plain  matte  film  will  make 
a very  fine  ground  glass  screen  for  focussing. 


Film  Windek. 

Development,  Washing  and  Fixing 
THE  Exposed  Films, 

Prepare  the  following  developer  : — • 


Water 20  pints. 

Amidol  2 ozs. 

Sulphite  of  sodium  10  ozs. 


A stock  solution  of  water  and  sulphite  of 
sodium,  which  keeps  indefinitely,  may  be 
always  kept  ready,  and  the  amidol  can  be 
added  as  required.  The  relative  proportions  of 
amidol  or  sulphite  of  sodium  may  also  be 
altered  to  suit  requirements. 

The  above  quantity  of  developer  is  made  up 
so  as  to  enable  the  employment  of  ordinary 
sized  galvanised  iron  pails.  It  is  preferable 
that  these  should  be  enamelled  in  white  on 
the  inner  side.  For  development,  take  two 
pails  filled  with  the  developer.  The  film 
roll  is  suspended  over  the  pail,  and  then 
passed  very  rapidly  into  the  first  pail,  and 
when  the  end  has  been  reached  into  the  next 
pail  of  developer,  so  as  to  ensure  even  develop- 
ment. Care  must  be  taken  that  the  emulsion 
side  is  touched  by  the  fingers  as  little  as  pos- 
sible. 

We  repeat,  the  operation  must  be  performed 
very  quickly,  continuing  this  process  of  passing 
from  one  pail  to  another  until  development  is 
complete.  The  time  occupied  by  the  above 


developer  is  very  short.  Afterwards  plunge  the 
film  in  a pail  of  plain  water,  taking  same  from 
the  second  pail  when  doing  so.  Under  these 
conditions  development  will  be  sufficiently 
uniform  over  the  whole  length  of  the  film.* 

The  same  operation  is  repeated  in  the  fixing 
bath,  the  strength  of  which  should  be  one  in 
four.  Once  fixed,  place  the  film  in  a receptacle 
where  the  water  runs  continuously,  and  it  must 
be  left  in  the  washing  for  several  hours. 

To  avoid  the  film  contracting  after  it  has 
been  fixed,  it  requires  glycerining,  and  the 
following  is  the  formula  : — 


Water 15  pints. 

Absolute  alcohol  5 pints. 

Glycerin  10  ozs. 


This  operation  must  not  take  longer  than  five 
minutes  ; the  temperature  for  drying  should  be 
67-70°  Fahr. 

Fig.  3. 


Camera  and  Feinting  Slide. 


* There  are  various  other  methods  and  devices  for  develop-  I 
ing,  which  need  not,  however,  be  gone  into. 
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Making  the  Positivpis. 

For  this  purpose  a dark  slide  is  used.  This 
dark  slide  has  two  axles.  On  the  lower  axle 
the  negative  is  placed  emulsion  side  outwards, 
and  around  the  upper  side  the  sensitive  film, 
emulsion  side  inwards.  The  two  ends  are 
passed  through  the  slit  in  the  box.  This 
operation  must  be  done  in  the  dark  room. 
Subsequently  proceed  to  expose  the  same  as 
for  negatives,  only  with  this  difference,  that 
the  positive  film  alone  is  introduced  in  the 
receiving  slide,  whereas  the  negative  film  will 
unroll  outside,  through  an  opening  arranged 
at  the  base  of  the  apparatus. 

The  shutter  must  be  arranged  so  as  to  form 
a complete  semicircle.  To  make  the  exposure, 
close  the  apparatus,  unscrew  and  remove  the 
lens,  and  place  before  the  circular  opening  at 
a convenient  distance,  a light,  either  a gas 
flame  or  petroleum  lamp.  The  distance  which 
this  light  must  be  placed  depends  on  the 
nature  of  its  intensity  and  the  density  and 
transparency  of  the  negative.  No  precise 
instructions  can  therefore  be  given,  but  a few 
small  strips  exposed  will  give  the  necessary 
information  to  the  operator. 


water  should  preferably  be  distilled,  or  a few 
drops  of  acetic  acid  may  be  added.  The 
condenser  is  cased  in  a metal  frame,  fixed 
with  four  pins  to  the  lantern,  and  each  having 
a screw.  The  casing  has  a prolongation  in 
the  shape  of  a cylindrical  tube,  at  the  end  of 
which  is  a movable  window  with  a ground 
glass.  This  window  is  opened  at  the  moment 
of  projecting.  When  regulating  the  light,  turn 
the  globe  containing  the  water  until  the  light  is 
at  its  maximum.  This  water  globe  replaces 
advantageously  the  glass  condensing  lens. 
As  a matter  of  fact,  the  glass  condensing  lens 
has  many  disadvantages,  and  especially  that 
of  concentrating  the  heat  rays  on  the  film  when 
same  is  stationary.  By  the  glass  globe  this  is 
avoided,  as  the  water  absorbs  all  the  heat ; and 
the  power  of  lighting  is  increased,  the  light  is 
white,  the  greenish  colouration  of  the  lens 
being  suppressed.  Should  the  water,  after 
say  about  an  hour,  begin  to  boil,  it  is  only 
necessary  to  insert  a small  piece  of  coke 
attached  to  a wire,  and  the  evaporation  will 
proceed  with  the  greatest  regularity. 

This  arrangement  avoids  any  accidents  due 
to  carelessness  on  the  part  of  the  operator. 


Fig.  4. 


Safety  Lantern. 


Projecting. 

The  additional  material  necessary  for  pro- 
jecting with  the  Cinematograph  is  a projecting 
lens,  an  electric  lantern,  resistance  coil,  a 
stand,  and  a screen. 

The  lantern,  containing  the  regulator,  is 
provided  with  a condenser,  in  the  shape  of  a 
globular  glass  bottle  containing  water,  which 
concentrates  the  light  of  the  arc  on  to  the 
projecting  machine.  In  order  to  regulate  the 
carbons,  a side  window  is  provided.  The 


as  the  concentrating  object  absorbs  the  heat 
rays. 

If  the  projecting  is  done  by  transparency, 
i.e.,  if  the  screen  is  between  the  spectators 
and  the  apparatus,  it  is  necessary  to  wet  the 
same  with  glycerine  and  water  in  the  propor- 
tion of  I in  10.  This  renders  the  screen  very 
transparent.  These  transparent  projections 
give  inverse  images  to  those  which  are  pro- 
jected from  the  front  of  the  screen. 

If  it  is  necessary  to  re-establish  the  pictures 
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on  the  screen,  and  to  show  same  in  their  proper 
wa}^  that  is,  from  the  rig-ht,  it  suffices  to  turn 
the  film  so  that  the  emulsion  side  is  rolled 
inwardly. 

It  is  hardly  necessary  to  point  out  that  the 
electric  installation  should  be  provided  with 
safety  fuses  in  case  the  current  becomes  too 
strong.  We  recommend  the  employment  of 
continuous  electric  current ; it  is  far  preferable 
to  the  alternating  current,  in  the  latter  case 
the  lighting  being  variable  and  less  brilliant.* 

When  projecting,  the  shutter  should  be 
placed  so  that  the  two  discs  cover  each  other 
exactly.  This  permits  the  maximum  illumi- 
nation of  the  screen,  and  care  should  be  taken 
before  pictures  are  shown  that  the  maximum 
illumination  on  the  screen  is  obtained  from  the 
lantern. 

The  films  must  be  kept  in  a state  of  regular 
elasticity.  For  this  purpose  a tin  box  is  sup- 
plied ; this  box  has  two  compartments.  The 
lower  part  should  have  a piece  of  felt  or  sponge 
impregnated  with  water,  over  which  is  placed 
a wire  sieve,  on  which  the  circular  boxes  con- 
taining the  films  (the  lids  of  the  same  being 
off)  are  placed.  The  films  are  left  like  this 
overnight,  and  can  be  used  again  the  next 
day. 

I might  mention  that,  to  give  the  audience 
an  idea  of  the  cost,  an  outlay  of  is 

necessary  to  acquire  Lumiere’s  complete  ap- 
paratus, capable  of  taking  the  negatives, 
making  positives,  and  projecting  and  re- 
versing same.  This  sum  also  includes  a 
number  of  scenes  or  film  views,  and  their 
number  can  be  added  to  by  purchasing  them 
at  a further  cost  of  about  £2  los.  each  view. 
These  once  purchased,  and  if  properly  handled, 
will  last  for  a very  long  time,  and  it  has  been 
shown  that  a film  is  capable  of  being  projected 
through  the  machine  from  500  to  800  times, 
thus  rendering  the  working  of  this  machine 
extremely  economical. 

In  conclusion,  I may  say  there  is  no  doubt 
that  at  no  distant  date  those  who  can  afford  it 
will  have  their  animated  photographs  taken, 
show  them  to  their  friends  in  their  private 
houses,  and  then  hand  them  down  to  posterity. 
The  same  may  be  said  of  historic  events,  such 
as  the  1897  Jubilee  processions,  &c. 


[The  paper  was  illustrated  by  a varied  series 
of  animated  photographs  thrown  upon  the  screen 
by  Mr.  Fuerst,] 


* It  is  quite  possible,  however,  to  use  limelight  with  satis- 
factory result. 


DISCUSSION. 

The  Chairman  said  it  only  remained  for  him 
to  propose  a vote  of  thanks  to  Mr.  Fuerst  for  his 
paper.  He  might  say  he  was  the  happy,  or  un- 
happy, possessor  of  a Cinematograph,  and  thanks 
to  Mr.  Fuerst  he  had  been  able  to  afforda  good  deal  i 
of  amusement  to  many  people  with  it.  One  great 
point  about  the  instrument  was  the  use  of  a globe  of  ' 
water  instead  of  an  ordinary  condensing  lens  for  the  I 
purpose  of  concentrating  the  light  on  the  image.  This  | 
gave  absolute  safety,  whether  with  the  electric  light  or 
limelight,  about  y^oths  of  the  heat  being  absorbed  by 
the  water.  He  might  add  that  it  was  of  no  use  to  add 
alum  to  the  water,  as  was  at  one  time  supposed. 
Some  years  ago  he  made  a number  of  experiments  with  j 
regard  to  the  transmission  of  light  through  various  1 
liquids,  and  came  to  the  conclusion  that  there  was 
not  a difference  of  i per  cent,  between  pure  water 
and  water  impregnated  Avith  alum.  Anyone  who 
examined  the  mechanism  of  the  Cinematograph 
Avould  see  how  beautifully  aivanged  everything  Avas  ; 
it  Avas,  in  fact,  the  very  perfection  of  Avorkmanship. 
They  Avere  very  much  obliged  to  i\Ir.  Fuerst,  not  only  ! 
for  the  very  interesting  vieAvs  he  had  shoAvn  to  j 
illustrate  the  capacity  of  the  instrument,  but  also  for 
bringing  to  public  notice  the  fact  that  in  this  case  Ave 
had  had  to  go  abroad  to  get  a perfect  instrument.  j 
That  Avas  not  Avhat  he  altogether  liked,  and  he  hoped  j 
that  England  Avould  yet  produce  not  a rival,  but  1 
some  new  instrument  AAdrich  Avould  give  perpetual  I 
motion  Avithout  any  interval  betAveen  the  vieAVS,  some  i 

great  improvement  A\diich  might  be  brought  before  ' 

the  Societv  at  a future  time.  However,  he  A\-as  quite 
satisfied  AAuth  the  Cinematograph,  and  hoped  to  make  j 
a good  deal  of  use  of  it  during  the  coming  year.  ! 

The  A'ote  of  thanks  having  been  carried  unani-  I 
mously, 

Mr.  Fuerst  briefly  acknoA\dedged  the  same,  and 
the  meeting  adjourned. 


Miscellaneous. 


ORANGE  CULTIVATION  IN  MEXICO. 

It  is  generally  supposed  that  the  Spaniards  intro- 
duced several  A'arieties  of  fruit  trees  into  Mexico, 
among  them  perhaps  the  SAveet  orange,  but  the 
traveller  in  that  country,  after  seeing  the  numerous 
forests  of  Avild  oranges,  inclines  to  the  theory  that  the 
ancients  kneAV  of  this  fruit,  and  that  perhaps  it  Avas 
cultivated  before  the  time  of  Cortez.  HoAveA’er, 
Avorks  treating  on  the  histoiy  of  old  or  ancient  Mexico 
do  not  describe  oranges  ; yet,  it  is  to  be  presumed 
that  the  existing  Avild  stock,  found  generally  in 
obscure  and  inaccessible  regions  of  the  tropics,  Avas 
placed  there  originally  by  the  hand  of  man,  and 
rature  spread  it  AAudely,  but  gradually  changed  it 
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from  a sweet  to  a sour  or  bitter  orange.  The  United 
States  Consul-General  in  the  city  of  Mexico  says 
that  the  Mexican  orange  comes  under  the  family 
Aurantiacea,  genus  citrus.  Although  fifty  varieties 
are  known  to  exist,  there  are  but  three  kinds  of 
oranges  found  in  the  markets  of  the  country,  classified 
as  follows: — The  sweet  orange,  “ naranja  dulce 
the  Chinese  orange,  “naranja  de  China;”  and  the 
sour  orange,  “ naranja  de  agria,”  The  “ naranja  de 
China”  is  a small  fruit,  a little  over  two  inches  in 
diameter,  spherical,  slightly  depressed  at  the  apex, 
deep  yellow  in  colour,  thin,  with  minute  oil  cells,  and 
very  delicious  ; its  tree  is  somewhat  dwarfish,  having 
small  leaves,  one  inch  to  one  inch  and  a half  long,  and 
resembling  those  of  the  myrtle.  The  sour  orange  has 
a roughish  rind,  rather  thick,  acrid,  bitter  pulp,  and 
is  generally  large  in  size ; its  tree  is  large,  having  a 
hard  wood,  and  in  many  places  develops  a trunk  of 
great  dimensions  ; the  leaves  are  of  a brilliant,  agree- 
able green  colour,  aromatic,  lanceolated,  and  with  a 
broadly-winged  petiole.  The  sweet  orange  could  be 
greatly  improved,  and  much  could  be  accomplished 
with  it  by  careful  selection  in  its  propagation — for 
instance,  selecting  shoots,  cuttings,  or  seeds  from 
trees,  or  budding,  or  grafting  with  sound  stock  from 
California  and  Florida.  There  are  few  countries  that 
possess  the  natural  advantages  which  subtropical  and 
tropical  Mexico  enjoys,  and  hardly  any  are  gifted  with 
the  immense  proportion  of  territory,  comprising  two 
thirds  of  the  Republic,  suitable  for  orange  culture. 
The  greatest  producing  and  most  important  districts, 
hanng  easy  means  of  transportation,  are  La  Barca, 
Ocotlan,  and  Guadalajara,  in  the  state  of  Jalisco ; 
Yautepec,  Morelos,  Linares  and  Montemorelos, 
Nur\’o  Leon  ; Rio  Verde  and  San  Antonio,  San  Luis 
Potosi ; Guaymas  and  Hermosello,  Sonora  ; Jula, 
Tamaulipas,  and  Coatepec  and  Cordoba,  Veracruz. 
In  Montemorelos  and  Linares,  during  the  last  three 
years,  more  than  50,000  trees  have  been  planted 
■with  several  hundred  grafted  and  budded  with 
California  and  Florida  stock.  The  Mexican  people 
relish  the  fiaiit,  and  especially  on  the  occasion  of  the 
holidays — All  Saints’  Day  and  the  Posadas — vast 
quantities  of  it  are  brought  into  the  principal  cities  for 
home  consumption.  Mexico  city  alone  consumes 
annually  more  than  300  car-loads  of  sweet,  Chinese, 
and  sour  oranges,  while  Puebla  consumes  70,  and 
Guadalajara  30  car-loads.  As  regards  the  by-products 
of  the  Mexican  orange,  the  leaves  {hojas)  are  used  for 
the  tea  of  the  Indians  and  of  the  poor,  and  in  large 
cities  where  they  are  sold  in  the  streets  and  in  the 
markets  in  small  bunches  for  one  halfpenny  each,  are 
consumed  in  large  quantities.  They  are  considered 
the  best  remedy  for  insomnia  and  restlessness,  and 
are  highly  commended  for  children.  A wine  is  manu- 
factured from  the  refuse  oranges,  purchased  at  about 
one  shilling  a hundred  in  Cuantla,  Morelas,  and 
Guadalajara,  which  retails  at  two  shillings  a bottle. 
There  are  other  valuable  product*  which  could  be 
obtained,  such  as  the  distilled  water  of  the  blossoms, 
used  for  toilet  purposes,  worth  about  19s.  a gallon  ; 


citric  acid  from  the  pulp  of  the  sour  oranges ; oil 
from  the  leaves  and  rind ; and  the  essential  oils 
from  the  blossoms,  leaves,  and  unripe  fruit.  Mexican 
growers  propagate  the  orange  from  seed,  but  it  can 
be  reproduced  more  advantageously  by  budding, 
grafting,  layering,  and  from  cuttings.  The  fruit 
appears,  in  the  latter  case,  in  from  four  to  five  years. 
Budding  and  grafting  have  to  be  practised  on  grown 
trees.  Propagation  by  cuttings  can  be  effected  from 
both  immature  and  mature  growths.  In  propagating 
by  seed,  a well  ventilated  place,  yet  free  from  cold 
winds,  is  selected ; the  soil  must  be  deep  and 
susceptible  of  being  irrigated.  P'or  this  ]>rocess,  good 
vigorous  large  seeds  must  be  chosen  from  healthy 
fruits  and  best  plants.  In  May  the  seed  beds  are 
made,  and  in  June  the  seeds,  which  have  previously 
been  kept  in  earth,  are  sown  4 inches  apart  by 
8 inches  between  the  rows.  The  rows  can  be  run 
with  the  length  of  each  seed  bed,  thereby  producing 
427  seedlings  to  the  seed  bed.  Having  soaked  the 
seeds  from  12  to  20  hours  in  lukewarm  water,  preGous 
to  sowing  them,  the  plants  should  come  up  in  fifteen 
to  twenty  days.  If  the  rainy  season  has  not  set  in,  and 
on  dry  days  during  that  season,  the  seed  beds  are 
sprinkled  ever)"  two  days,  but  when  the  plant  has 
made  its  appearance  a generous  application  of  water 
is  necessary  every  day,  the  amount  being  decreased  as 
the  plant  grows.  In  May  the  ground  is  ploughed, 
cleared  of  all  weeds,  and  fertilised  with  cheap  manure, 
having  plenty  of  nitrogenous  matter.  After  the  land 
has  been  well  worked,  ditches  are  run  at  a distance  of 
about  13  ft.  apart,  and  then  cross  ditches  of  the  same 
distance.  At  the  intersection  of  these  ditches  hole^ 
2 ft.  deep  are  made  for  the  reception  of  the  young 
trees ; this  will  give  254  trees  to  the  acre,  which  can 
be  decreased  on  a very  rich  soil,  making  the  distance 
16  ft.  apart.  Great  care  is  taken  in  transferring  the 
young  plants,  that  they  are  not  in  any  way  injured 
either  in  leaf  or  root.  A ring  {cajete)  is  hoed  round 
each  tree,  wide  enough  to  admit  manure,  and  in  con- 
nection with  the  ditches  referred  to  above,  for  irriga- 
tion purposes.  If  it  does  not  rain  all  day  following 
the  transplanting,  the  plants  are  irrigated,  and  after- 
wards as  often  as  they  require  it.  Two  or  three  days 
after,  if  the  earth  around  the  plant  has  settled,  loose 
soil  mixed  with  leaf  mould  or  manure  is  used  to  make 
up  the  loss.  When  the  trees  are  mature,  dead  and 
ill-shaped  branches  are  removed  with  the  pruning  saw, 
the  wound  being  trimmed  with  a knife  and  then  tarred 
over.  Wax  can  be  substituted  for  the  tar  if  the  former 
is  not  obtainable,  and  this  is  done  to  prevent  decay 
entering  into  the  heart  of  the  tree.  Maturity  of  crop 
varies  very  much  in  Mexico.  In  Campeachy,  Chiapas 
Oaxaca,  Guerrero,  Atli.xco  (Puebla),  and  Yautepec 
(Moreles)  the  fruit  ripens  as  early  as  July,  and  the 
season  lasts  until  December  i,  while  in  Cordoba  and 
Coatepec  (Veracruz),  in  Michoacan  and  Jalisco  until 
September,  Rio  Verde  and  Montemorelos  following, 
and  the  Sonora  crop  comes  in  last,  about  Xovember  ic. 
The  yield  in  Mexico  varies  very  much— soil,  climate, 
jn-oper  irrigation,  pruning,  and  cultivation  being  im- 
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portant  factors  in  determining  the  extent  of  the  crops. 
In  Atlixco,  Yautepec,  and  Tacambaro  the  trees 
average  860  oranges  each ; but  in  Atolonilco,  Monte- 
morelos,  and  Hermosillo  the  average  yield  is  from 
1,700  to  2,200  oranges  a year.  With  the  advantages 
of  climate  and  soil  the  tree  in  Mexico  should  yield 
from  5,000  to  8,000  oranges.  The  tree  is  not  generally 
subject  to  any  pest,  nor  is  it  affected  by  any  disease. 


THE  WINE  INDUSTRY  IN  THE  UNITED 
STATES. 

In  the  year  ended  June  30th,  1897,  the  United 
States  imported  wine  to  the  value  of  ;<^i,372,ooo, 
about  half  of  which  consisted  of  champagne  and 
other  sparkling  varieties.  In  1896,  the  imports 
amounted  in  value  to  ;^r, 42 1,000.  France  contri- 
buted the  greater  portion  of  the  wine  imports,  while 
Germany  came  second,  followed  at  some  distance  by 
Italy.  On  the  other  side  of  the  account,  according 
to  a recent  United  States  report,  wine  production  in 
that  country,  and  principally  in  California,  has  already 
reached  such  a stage  that  considerable  quantities  are 
annually  exported.  The  shipments  of  wine — which 
are  chiefly  in  casks — from  the  United  States  amounted 
in  value  to  ;^i40,ooo  in  1897,  and  ;^Ci35,ooo  in  1896. 
A good  deal  of  this  wine  is  sent  to  Europe,  to 
England,  Belgium,  and  even  Germany.  Mexico  and 
the  Central  American  States  also  draw  upon  the 
United  States  for  a part  of  their  supply.  There  are 
five  districts  in  which  the  wine  industry  is  carried  on  : 
the  Eastern,  Middle,  Western,  Southern,  and  Pacific 
divisions.  The  Eastern  division  comprises  a few 
counties  in  New  Jersey,  the  Hudson  river  district  of 
New  York,  the  Keuka  district  on  Lake  Keuka,  in 
the  central  part  of  the  State,  the  Canandaigua  dis- 
trict bordering  on  Lake  Canandaigua,  the  Chautauqua 
district  near  the  shores  of  Lake  Erie,  which  includes 
some  vineyards  overlapping  the  State  line,  and 
extending  into  Pennsylvania.  There  are  other  districts 
aggregating  some  10,000  acres  in  different  parts  of 
New  York  State.  The  annual  output  for  the  entire 
Eastern  division  is  not  less  than  2,500,000  gallons. 
The  Middle  division  includes  the  States  of  Illinois, 
Indiana,  and  Ohio.  The  Ohio  vineyards  are  located 
mainly  on  the  islands  in  Lake  Erie,  and  on  the  lands 
bordering  upon  the  lake.  About  three-fourths  of  the 
grapes  produced  in  this  district  go  to  market  for  table 
use,  and  the  remainder  is  pressed  for  wine.  In  the 
so  called  Western  division,  the  chief  tracts  are 
in  Kansas  and  Missouri.  In  the  Southern  division 
there  are  vineyards  scattered  throughout  Georgia, 
North  Carolina,  Tennessee,  and  Virginia.  Grapes 
are  now  being  produced  in  some  quantities  in 
Florida.  It  is  in  the  Pacific  division  that  the  industry 
has  reached  its  greatest  development.  California  has 
made  rapid  strides  in  the  wine  industry,  and  nearly 
all  the  districts  there  produce  grapes.  There  is  said 
to  be  an  established  home  demand  for  wine  of  the 
Californian  varieties  to  the  amount  of  12,000,000 


gallons  annually,  at  least.  These  wines  are  growing  ; 
in  the  esteem  of  the  public.  Grapes  quite  similar  to  ' 
those  from  which  the  excellent  wines  of  France  and 
Germany  are  made  seem  to  thrive  well  in  the 
Californian  climate.  A good  deal  of  brandy,  and  1 
even  of  champagne,  is  made,  and  both  red  and  white  I 
wines  are  produced  : sautemes,  clarets,  ports,  sherries,  ^ 
and  other  well-known  varieties.  Viticulture  was  ■ 
introduced  into  California  by  the  Franciscan  Fathers, 
but  it  is  only  very  recently  that  the  industry  has 
assumed  important  proportions. 


DATE  FARMING  IN  PERSIA. 

One  of  the  most  interesting,  profitable,  and  growing 
industries  in  Persia  is  date  farming.  The  date  palm 
is  indigenous  in  the  south,  and  its  cultivation  is 
confined  to  a district  running  parallel  to  the  Persian 
Gulf  from  the  borders  of  Beloochistan  on  the  east  to 
the  Disful  river  on  the  west,  and  extending  about 
150  miles  into  the  interior.  Palm  groves,  however, 
by  no  means  absorb  the  whole  of  this  area  ; they  are 
chiefly  confined  to  sheltered  valleys  and  plains  exposed 
to  a high  temperature  in  the  summer,  and  having  a 
veiy  mild  climate  in  winter.  The  United  States 
Minister  at  Teheran,  in  a I'ecent  report  to  his 
Government,  says  that  the  palm  requires  a great 
degree  of  heat  for  the  ripening  and  perfection  of  its 
fruit,  and  is,  consequently,  considering  the  size  of  the 
trunk,  extremely  sensitive  to  cold.  This  arises  chiefly 
from  the  fact  that  the  vital  portion,  or  that  which  is 
most  easily  affected  by  outward  influences,  is  the 
crown  or  head  of  the  tree.  If  this  be  severed  or 
frost-bitten,  decay  immediately  sets  in  and  the  plant 
dies.  On  this  account,  the  people  often  consider  it  the 
connecting  link  between  the  vegetable  and  the  animal 
kingdoms,  and  those  who  cultivate  it  and  depend 
upon  it  for  support,  look  upon  it  with  a large  amount 
of  veneration  and  respect.  With  the  most  favourable 
conditions  for  growth,  the  plant  will  not  bear  fruit 
under  eight  or  ten  years.  It  attains  a height  of  50  or 
60  feet,  and  lives  more  than  a hundred  years.  If,  on 
the  contrary,  the  influences  of  climate  and  soil  are  not 
suitable,  it  will  produce  fruit  in  four  years,  but  the 
life  of  the  tree  will  not  be  prolonged  beyond  twenty 
years,  and  the  fruit  is  of  an  inferior  quality.  The  chief 
requisite  for  the  production  of  fruitful  and  profitable  1 
palms  is  a high  degree  of  temperature — not  less  than  1 
110°  Fahr.  in  the  shade.  The  water  and  soil  should, 
if  possible,  show  a low  per-centage  of  saline  and 
alkaline  qualities,  or  to  use  the  local  term,  they  should  j 
be  “ sweet.”  As  rain  seldom  falls  in  the  southern  j 
littoral  of  the  Persian  Gulf  between  April  and  j 
December,  the  palms  are  supplied  with  moisture  by  1 
irrigation,  and  where  this  cannot  be  proUded  the 
cultivation  cannot  be  undertaken — that  is,  so  far  as 
the  Persian  area  is  concerned.  It  is  reported  that  the 
date  palm  will  not  flourish  within  a distance  of  25 
miles  from  the  sea.  If  this  is  the  fact,  it  is  probably  | 
owing  to  the  impregnation  of  the  atmosphere  and  the  I 
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soil  with  an  excessive  per-centage  of  salt,  and  this 
would  seem  to  be  in  accord  with  the  general  principles 
observed  in  the  selection  of  sites  for  the  groves.  A 
very  important  point  observed  in  the  cultivation  of 
the  groves  is  to  have  a proper  proportion  of  male  and 
female  palms,  for  unless  there  be  sufficient  pollen  for 
the  process  of  fertilisation  the  plants  will  be  unpro- 
ductive. It  appears  from  this  that  some  technical 
knowledge  is  required  for  the  successful  management 
of  the  groves.  The  production  of  the  Persian  palms 
is  about  500,000  cwts.  per  year,  nearly  half  of  which 
is  exported  to  India,  Europe,  America,  and  Africa. 
The  dates  produced  in  Persia  and  shipped  from  the 
Gulf  ports  are  hardly  equal  in  size,  flavour,  and  rich- 
ness to  those  exported  from  Bassorah.  This  is 
doubtless  due  to  more  careful  cultivation  by  the 
Arabian  and  Turkish  producers.  In  addition  to  the 
consumption  of  the  dates  in  their  raw  state  by  the 
natives,  large  quantities  are  used  in  the  manufacture 
of  syrup,  vinegar,  and  a liquor  called  “ arrack,” 
none  of  which,  however,  appear  to  be  articles  of 
exportation. 


Correspondence. 

♦ 

RECREATIONS  OF  AN  INDIAN  OFFICIAL. 

I regret  not  having  been  able  to  take  my  promised 
part  in  the  discussion,  last  Thursday  afternoon,  at  the 
Imperial  Institute,  on  Sir  Mountstuart  Elphinstone 
Grant  Duffs  paper,  as  it  would  have  been  a pleasure  to 
me  to  have  expressed  to  him  personally  my  sense  of  the 
honour  he  did  the  Indian  Section  of  the  Society  of 
Arts  by  so  considerately  appearing  before  us,  and  the 
enjoyment  and  zest  with  which  we  all  heard  the 
lecture.  But  everything  else  that  I was  prepared  to 
say  I can  say  equally  well,  and  better,  in  the  present 
memorandum. 

Botanising  and  gardening  were  my  all-absorbing 
recreations  in  India,  and  I was  always  especially 
anxious  to  recommend  them  to  young  officers,  and 
to  ladies,  for  their  amusement.  But  I found  two 
stumbling-blocks  in  their  way,  the  unsympathetic, 
commonplace,  and  cumbersome  scientific  names  of 
plants,  and  the  unintelligibility  of  the  popular  native 
names.  To  get  over  the  latter  difficulty  I was  always 
seeking  for  the  meanings  of  the  native  names,  and 
I have  repeatedly  appealed  to  native  scholars  to  bring 
out  a systematically  translated  list  of  them  ; for  a 
pleasant  reputation  might  in  this  way  be  very  readily 
acquired.  I never  got  beyond  a few  hundred,  and 
it  is  my  wish  to  contribute  the  most  interesting  of 
these  to  the  discussion  on  Sir  S.  M.  E.  Grant  Duffs 
paper,  in  the  hope  that  my  so  doing  may  incite  others 
to  complete  my  casual  task. 

I write  from  memory,  a memory  of  inquiries  made 
forty  years  ago,  and  without  leisure  or  strength  to 
collate  and  correct  or  definitively  approve  the  results 
of  those  inquiries.  I will  only  say  that  I was  chiefly 


indebted  for  them  to  the  late  Drs.  Bhau  Daji  and 
Sakharam  Arjun,  the  latter  the  brightest  of  my  students 
in  “Materia  Medica,”  and  to  the  countryside  people 
who  accompanied  me  in  my  excursions  about  Ma- 
theran  and  Mahableshwur.  I have  arranged  my  list 
of  the  translated  names  in  sections,  as  this  makes  it 
easier  to  keep  them  in  memory. 

Native  Names  of  Indian  Plants. 

Section  A. — Na77ies  descriptive  of  the  general 
qualities,  or  of  the  habit,"  of  plants. 

Akashpavan. — [Cuscuta  lefiexa]  “ sky-nourished.” 
Ashokta. — [Aleurites  molluccana]  “ root  spreading  ” ; 
a native  of  the  Indian  Archipelago,  the  “ Belgaum 
Walnut  ” of  Anglo-Indians. 

Bahula. — [Acacia  arabica]  “cover,”  “shade”;  but 
thought  by  some  to  also  signify  “ Babylonian.” 
Bakhula. — [Mimusops  ElengiJ  “crooked.” 

Bambit,  an  onomatopoeia,  denoting  the  sound  of  the 
explosions  given  off  by  this  gigantic  grass  when  in 
flames. 

Bajidhuka.  — [Ixora  coccinea]  “knotted,”  closely 
“compressed,”  referring  to  its  compact  terminal 
corymps  of  bright  scarlet  flowers;  the  “Jungle 
Geranium  ” and  “ Flame  of  the  Woods  ” of  Anglo- 
Indians.  Compare  “ Bandana  pocket  hand- 
kerchief.” See  Section  E. 

Dekamali. — [Gardenia  sps  :]  “juicy,”  from  the  gum- 
resin  exuding  from  the  twigs  of  this  plant.  See 
Section  E. 

Karanj. — [Pongamia  glabra]  “ water-reddening.” 
See  pongam. 

Kavita,  kaota. — [Feronia  stephantum]  “ monkey- 
house.” 

Kino. — [Pterocarpus  marsupium]  “ flesh  ’’-coloured, 
from  its  gum  : cf.  “carnis”  ! 

Maryadvel.  — [Ipomoea  pes-caprae]  “ boundary 
creeper,”  from  its  growing  luxuriantly  over  sandy 
beeches  along  the  littoral  of  the  tropics  of  Cancer 
and  Capricorn,  and  forming  a broad,  deep-green 
division  betw^een  sea  and  land. 

Mormga. — [Moringa  pterygosperma]  “perishable.” 
Muchakuitda.  — [Pterospermum  sps:]  “Jasmine- 
abandoned,”  i.e.  Jasmine-covered. 

Nag-kesava. — [Mesua  ferrea]  nag,  “ serpent,”  and 
kesava,  “hairy”  (the  latter  a name  of  Vishnu  or 
Krishna,  cf.  caesaries,  and  Keso,  and  Ccesar),  from 
its  filamentous  bright  yelloAV  anthers.  For  loveliness 
and  fragrance  one  of  the  goodliest  trees  of  “ the 
Garden  of  God  ” ; found  growing  about  every 
Buddhist  monasteiy  in  Burma ; and  sacred  also 
among  the  Hindus,  to  their  Cupid,  Kama-deva. 
Nag-phana. — [Opuntia  sps  :]  “cobra-hood.”  Opun 
tia  might  be  taken  for  the  Latinised  form  of  phana  ; 
but  although  these  plants  are  natives  of  America , 
introduced  into  India  by  the  Portuguese,  their 
generic  name,  and  the  name  of  their  natural  Order, 
Cactaceae,  are  both  taken  from  the  names  of  two 
plants — one  found  in  the  vicinity  of  Opus  in  Eastern 
Locris — known  to  the  Greeks  and  Romans.  They 
were  probably  cultb,  ated  thistles,  like  the  artichoke. 
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Nyagrodha. — [Ficus  indica]  “growing  downward,” 
the  “ Banyan”  of  Europeans,  and  so  called  by  them, 
because,  on  first  entering  the  Green  Sea  [Persian 
Gulf],  they  found  one  of  these  trees  near  Gombroon, 
the  daily  resort  of  the  hanyas,  or  native  merchants, 
of  Bombay.  It  is  also  called  by  the  Hindus,  vata, 
i.e.,  “ the  Tree  ” par  excellence.  See  pipala. 

Padma. — [Nymphaea  sps  :]  “ floating  on  the  waters.” 
[Bignonia  suaveolens  and  other  species  of 
Bignonia]  “ outspread,”  “ wide  mouthed  ; ” from 
their  trumpet-shaped  flowers.  Compare  Patala, 
the  Hindu  Hell,  and  Patala,  the  great  “ South 
Sea,”  the  Southern  hemisphere,  the  Hades  of  the 

ancients. 

Pipala. — [Ficus  religiosa]  “ the  Tree  ” par  excellence. 
The  bodi-druma  {cf.  Spvs,  Spv/j.6s)  or  “ wisdom- 
tree  ” of  the  Buddhists  : kalpa-druma  or  “ tree 
of  the  Ages  ” of  the  Hindus,  who  also  call  it 
ashvata,  or  “horse-stall,”  from  a legend  that  a 
sort  of  diGnity  lives  in  it,  in  the  form  of  a horse. 

Ponga?n. — [Pongamia  glabra]  “ gold  within,”  from 
the  colour  of  its  pods  when  broken  open.  See 
karang. 

Raktamha. — [Garcinia  indica]  “red  mango.” 

Ratalu,  ratanvel.—\lT^ovacedi  Batatas]  “red-potato” 
and  “red-creeper”  respectively. 

Rohin. — [Rottlera  tinctoria]  “red.” 

Rohitaka. — [Amoora  Rohitaka]  “red.” 

Rag- — [Tectona  grandis]  “strong,”  the  Teak  tree, 
so  called  from  its  Malabari  name  tehka,  of  the 
meaning  of  which  I am  ignorant.  Its  wood  is  the 
orayaAha  of  Cosmas  Indicopleustes. 

Ragargota.  — [Guilandina  Bonduc, v.  Caesalpinia 
Bonducella]  “ ocean  pebble,”  from  its  marble-like 
seed,  the  “Bonduc  nuts”  of  commerce.  Bundiik 
was  the  name  given,,  by  the , Arabs  to  filberts, 
because  they  first  obtained  them  from  Venice 
[Banadik).  Then  the  name  was  transferred  to 
these  Indian  seeds,  and  to  the  pellets  shot  from 
cross-bows,  and  finally  to  muskets. 

Ralai. — [Boswellia  serrata]  “ exuding,”  the  Indian 
Frankincense  tree. 

Ramudra  sok. — [Argyreia  speciosa]  “ sea-moan,” 
\cf\  Zamorin] ; this  voluminous  convolvulus,  aptly 
called  “Elephant  creeper”  by  Anglo-Indians, 
growing  throughout  the  coasts  of  Malabar  and 
Coromandel  in  full  view  of  the  sea,  the  sad  waves 
of  which  seem  to  be  ever  moaning  among  its  tangled 
branches. 

Rapta-parni. — [Alstonia  scholaris]  “ seven-leaved,” 
from  its  leaves  being  in  whorls  of  five  to  seven. 
This  native  name  is  often  corrupted  to  chatim, 
satwin,  and  finally  Rhaitan  (Satan) ! This  noble 
tree  was  a great  favourite  with  the  sages  of  ancient 
India,  and  the  handled  slate-like  boards,  called  {cf. 
“horn  books”)  pats,  used  in  Hindu  schools,  are 
cut  from  its  wood,  whence  its  specific  botanical 
denomination. 

Ririsha. — [Acacia  Lebbek]  “brittle.” 

Roma-lata,  soma-vel. — [Calonyction  roxburghii,  v. 
Ipomoea  bonanox]  “ moon-creeper.”  and  so-called 


also  by  Anglo-Indians,  from  its  delightfully  scented  | 
milk-white  flowers,  as  wide  across  as  large  saucers, 
opening  only  at  night.  It  is  the  “Lady  of  the  ' 
Night  ” of  the  West  Indies. 

Rvet-patri. — [Musssenda  frondosa]  “ white-leaved,”  ' 
i.e.,  bracted.  See  Section  E. 

Tagara.  — [Tabernaemontana  coronaiia]  “ brittle.” 
The  unidentified  ancient  Tagara  may  have  taken  its 
name  from  this  plant  ; and  the  closely  - allied 
karavira  (a  word  the  meaning  of  which  is  un- 
known to  me),  Nerium  odorum,  or  oleander,  may 
also  have  given  its  name  to  KaraGra,  the  ancient 
name  of  the  kingdom  of  Kholapur.  See  J.  F. 
Fleet’s  Dynasties  of  the  Canarese  Districts  of  the 
Bombay  Presidency,  1882  pp.  4 and  98-106. 

Tatnara. — [Njanphsea  Lotus]  “ copper-red,”  the 
name  of  the  red-flowered  vanety  of  this  water-lily. 

Tala,  tara,  tad. — [Borassus  flabellifonnis]  “ fixed,” 
the  Palmyra  tree.  Toddy,  i.e.,  tari,  originally  the 
fermented  juice  of  this,  and  various  other  palms, 
better  understood  in  the  West  as  denoting  that 
incomparable  compound  of  whiskey  with  hot  water, 
sweetened  \Gth  sugar,  which  the  congenial  Scotch 
have  now  introduced  to  the  utmost  comers  of  the 
English-speaking  world. 

Udambara. — [Ficus  glomerata]  “ sky-high.” 

Utphala. — [Nymphsea  stellata]  “up-springing,”  “out- 
bursting,”  the  name  of  the  blue-flowered  variety  of 
this  water-lily. 

Varutta. — [Cratseva  religiosa]  “ overshadowing,”  cf. 
ovpavos.  Planted  throughout  India  over  the  graves 
of  the  Mussulmans,  and  a beautiful  object  in  the 
months  of  April  and  May,  with  its  showy  racemes 
of  shining  white  flowers,  cheering  symbols  of  the 
Resurrection. 

Vasuka. — [Adhatoda  Vasica]  “ perfumed.”  Its  other 
Indian  name,  adusa,  or  adulsa,  of  the  meaning  of 
which  I am  ignorant,  is  obviously  the  source  of  its 
generic  Latin  name. 

Wagati. — [Wagatea  spicata]  “tigerish;”  from  its 
wonderful  spikes  of  scarlet  and  white  flowers — 

“Tiger!  Tiger!  burning  bright 
In  the  forests  of  the  Night ! ” — ■ 

and  large  thorns. 

Section  B. — Na?7tes  indicating  the  uses  of  plants. 

I. — Geiteral. 

Jambu,  jatnbul. — [Syzygium  Jambolanum]  “ tooth- 
some,” “ edible.” 

Lakucha. — [Artocarpus Lakucha]  “tasty,”  “savoury.” 

Mahwa,  77iowra. — [Bassia  latifolia]  “sweet.” 

2 . — Medicmal. 

Bilva,  hela,  bael,  bil. — [Higle  Marmelos]  the  perfect 
“ cure.” 

Kadattiba  — [Nauclea  sps.]  “ disease  killer  ” ; the  j 
holiest  trees  in  India. 

Nitnba,  7ti7n. — [Me’ia  Azadirachta]  “healthful.” 

Palasa. — [Butea  frondosa]  “ active  ” -in- gravel ; gives 
its  name  to  the  fateful  field  ofPkssey.  \ 
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Section  C. — Plant  names  of  sinister  significance. 

Amha. — [Mangifera  indica]  “disease  causing”;  the 
!Mango,  so  called  by  Anglo-Indians  because  first 
known  to  them  by  its  Tamil  name,  manka,  meaning 
“wa«-fruit.”  The  fruit  is  apt  to  act  injuriously 
on  the  kidne5's,  and  cows  fed  with  its  leaves  for 
the  production  of  the  exquisite  mango  yellow  dye 
of  India,  obtained  from  their  urine,  die  in  a few 
months. 

Ganika. — [Pisonia  aculeata]  “harlot  tree,”  cf.  yvi/^, 
yvvaiKeios,  the  “ Lettuce-tree  ” of  Anglo-Indians, 
Ingalagunti. — [Diospyros  montana]  “ scolding  wife.” 
Spite  of  the  divinity  attaching  to  their  generic  Latin 
name,  Diospyros,  the  ebony  trees  are  all  of  evil 
omen  in  India,  and  Shakespeare’s  [Hamlet]  and 
Marlowe’s  [Jew  of  Malta]  juice  of  “ cursed 
“ Hebenen,”  or  “ Hebon,”  although  actually  a 
poisonous  distilment  from  the  yew  tree,  takes  its 
feller  characterisation  from  the  purely  mythical 
effects  attributed  to  the  juice  of  D : Ebenum,  the 
“Heben”  of  Spenser,  in  the  line  from  “The 
Vision  of  Petrarch”  ; — 

“ !Made  all  of  Heben  and  white  Yvorie.” 
Kakamari. — [Anamirta  Cocculus]  “crow-killer”! 
the  “ Cocculus  Indicus  ” of  commerce,”  Cocculus 
is  always  said  to  be  formed  from  k6kkos,  but  I feel 
sure  that  kaka  is  also  in  its  etymology. 

Mushti. — [Stiychnos  Nux-Vomica]  “ fatal.” 

7m«.  — [Cedrela  Toona]  “ causing  pain.” 

Umniighilan. — [Acacia arabica]  “mother,”  or  “haunt 
of  deHls.”  See  babula,  Section  A. 

Section  D, — Names  expressive  of  the  beauty  and 
charm  of  plants,  as  also  of  their  religious 
and  poetical  associations 

Agni-shikba. — [Gloriosa  superba]  “flame-flower.” 
Amla7ta.  — [Gomphrena  globosa]  “ unfading,  ” 
“amaranthine”;  a native  of  America,  but  com- 
pletely naturalised  in  India. 

Aparajita.  — [Clitoria  ternatea]  “unconquerable”; 
possibly  refeiTing  to  the  superb  “ true  blue  ” of  its 
flowers,  but  more  probably  to  its  phallic  power,  as 
it  is  especially  sacred  to  all  the  goddesses  {sakti), 
and  more  particularly  to  the  invincible  Devi,  the 
wife  of  Siva  : cf.  Aphrodite. 

Arjuna. — [Terminalia  Arjuna]  “bright.” 
Ashoka.~[]onesm  Asoka]  “ sans-souci.” 

Bhavya. — [Dillenia  spenosa]  “handsome.” 

Bhor. — [Tizyphus  Jujuba]  “ shining  ” ; “ the  Jujube- 
tree,”  allied  to  “ the  Lotus-tree,”  identified  with 
the  mythical  tree  of  Homer’s  Lotophagi. 
“Zizyphus”  and  “Jujuba”  are  both  progressive 
corruptions,  through  Greek,  Latin,  and  French, 
of  the  Persian  zizafun. 

Chandana. — [Santalum  album]  “ gladdening.” 
Aawa/.— [Xelumbium  speciosum]  “water  adorning,” 
a name  it  bears  in  common  with  other  water-lilies. 
“Xelumbrium”  is  Latinised  from  the  Cingalese 
nelumbo,  “ shining.”  With  the  other  water-lilies 
it  is  also  called /aifwa,  “ floating  on  water.” 
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Kanchana. — [Banhinia  sps  :]  “ shining,” 
Madhavilata.  — [Hiptage  Madablota]  “ Spring 
(creeper)  flower”;  the  “Delight  of  the  Woods’^ 
of  the  drama  of  Sakontala. 
il/awa’am.— [Erythrina  indica]  “beautifying;”  also 
called  pangara,  identified  with  the  mythical 
parajita  tree  stolen  by  Krishna  from  Indra’s 
heaven  of  Sverga.  See  manjista  and  mudar. 
Manjista,mmjtjit . — [Rubiacordifolia]  “ formosissma,’’ 
the  “ Munjeet  ” of  commerce. 

Mudar, — [Calotropis  gigantca]  “ beautifying  ; ” the 
same  word  as  mandara,  and  cognate  to  manjista. 
Compare  “ mundo,”  “ munditia,”  “ mundus,” 
K^ausos. 

Naklamata. — [Pongamia  glabra]  “night-shining.” 
Phunus.  — [Artocarpus  integrifolia]  “a  paean,” 
“ praise,”  its  Canarese  name  : the  Jack-tree  cf 
Anglo-Indians,  so-called  by  them  after  its  Malabaii 
name,  jaka,  the  meaning  of  which  I do  not  know. 
Sami-rajei,  sanii,  suma,  shimi. — [Prosopis  spici- 
gera]  “ Rex  sacrificulus,”  the  leading  and  cardinal 
sacrificial  wood  of  the  Brahmins.  The  others  are 
agara,  “fire  chariot,”  (}),  mudar,  palasa,  pipala, 
udatnbara  and  vaia  ; and  the  grasses,  dab  [Cynodon 
Dactylon],  and  kusa  [Poa  cynosuroides]. 

Shala,  sal  [Shorea  robusta]  “ praised.” 

Seventi. — [Chrysanthemum  indicum]  “sought  after”; 
the  “ Seventee-bai,”  represented  as  a daisy,  of  Miss 
Freres’  (in  folk  lore  revival)  epoch-marking  Old 
Deccan  Days, 

Vana-raja  [Bauhinia  racemosa]  “ Rex  nemorensis  ” ; 
a title  justified  rather  by  its  poetical  associations 
than  by  its  size,  or  its  large  but  sparsely-blooming 
white  flowers. 

Section  E. — Lathi  geneidc  and  specific  names  of 
plants  of  hidden  Indian  origin. 

Confining  ourselves  to  the  names  above  noted,  and 
omitting  from  these  the  generic  name  of  Zizyphus,  and 
the  specific  name  of  Azadirachta,  both  of  which  are 
Persian,  and  the  specific  names  Lotus  and  Lebbek,both 
of  which  are  Egypto-Arabic,  we  have  in  Pongamia, 
Moringa,  Amoora,  Tectona,  Wagatea,  Adhatoda, 
Mangifera,  and  X’elumbium,  generic  names  of  obvious 
Indian  origin  ; and  in  (Adhatoda)  Yasica,  (Amoora) 
Rohitaka,  (Syzygium)  Jambolanum,  (Artocarpus) 
Lakucha,  (Xauclea)  Cadumba,  (Cedrela)  Toona, 
(Terminalia)  Arjuna,  (Jonesia)  Asoka,  and  (Hiptage) 
Madablota,  specific  names,  the  Indian  origin  of  which 
is  equally  clear.  Among  the  above-noted  generic 
names,  Santalium  also  is  undoubtedly  the  Latinised 
form  of  chandana,  though  the  Persian  chandal,  and 
Greek  advZovov  and  aavraKov  and  among  the  above- 
noted  specific  names  I believe  that  (Anamirta)  Coc- 
culus must  have  kaka,  “crow,”  in  its  etymology;  and 
possibly  kaka  is  the  prehistoric  source  of  k6kkos  ! But 
there  are  several  generic  Latin  names  of  plants,  the 
Indian  origin  of  which  is  so  concealed  that  in  one  cr 
two  cases  it  has  never  been  even  suspected,  and  I 
believe  I am  the  first  to  have  given  the  suggested 
etymology  of  four  of  the  following  names  : — 
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Carissa  = Krishna ; to  whom,  and  Vishnu,  the 
lovely  Carissa  Cai'undas,  the  karunda  of  the  natives 
of  India,  is  sacred. 

Gardenia  = gandha-raja,  “ the  perfume-king,”  the 
white  flowers  of  G.  lucida,  and  other  species  of 
Gardenia,  being  of  a luscious  and  most  exquisite 
fragrance,  combining  that  of  the  orange  flower, 
rose,  and  narcissus,  and  their  stems  yielding  the 
strong  odoriferous  gum-resin  dekamali.  See  Section 
A.  The  genus  is  usually  said  to  have  been  named 
by  Ellis  in  honour  of  Dr.  Garden,  of  Charleston, 
Ixora  = Eshwara,  or  Ishwara-‘^  godC  meaning  Siva. 
See  handhuka,  Section  A. 

Pavetta  = Parvati,  “ the  Mountaineer,”  one  of  the 
names  of  De^d,  “ the  Goddess,”  the  wife  of  Siva. 
P.  indica  is  the  “ wild  coffee  ” of  Bombay  Anglo- 
Indians. 

Quamoclit  = Kama-lata,  “ Cupid’s  creeper,”  Q. 
valgaris,  “ flos  Cardinalis,”  “Jasmine  rouge,”  the 
“ Forget-me-not  ” of  Anglo-Indians,  being  sacred 
to  the  Hindu  god  of  love,  Kama-deva ; the  crimson 
flowered  variety  being  designated  lal-Kayna-lata, 
“ the  red  ringlets  of  Cupid.”  The  white-flowered 
variety  is  ishk-pecha^  or  “Love’s  ringlets,”  of 
the  Persians.  Don,  who  fonned  the  genus,  derives 
its  designation  from  Kvajxos  and  kAitos,  and,  if  the 
far-fetched  phallic  allusion  to  be  traced  in  this 
derivation  was  present  to  his  mind,  it  might  indicate 
that  he  was  aware  of  the  Indian  and  Persian  erotic 
associations  of  the  plant.  The  first  person  to 
suggest  the  true  etymology  of  Quamoclit  was  John 
Graham,  Deputy  Postmaster-General  of  Bombay, 
the  author  of  A Catalogue  of  Plants  Growing  in 
Bombay,  1879,  the  most  alluring  book  on  Indian 
botany  ever  printed.  He  died  on  the  28th  of  May, 
of  the  same  year,  at  Khandalla,  the  favourite  scene 
of  his  botanical  explorations,  and  is  there  buried 
behind  the  Travellers’  Bungalow,  at  the  extremity, 
marked  by  his  monument,  of  an  upland  turfy 
expanse,  dotted  all  over,  from  June  to  September, 
with  the  white  fragrant  flowers  of  the  little 
terrestrial  orchid,  Hdbenariaplatyphylla. 
Mussaenda  and  Anamirta  are  generic  Latinised 
names  of  plants  above  cited,  which  suggest  Indian 
origins,  but  I can  give  no  clue  to  them. 

Section  F. — Indian  names  of  plants  derived  from 
names  af  places. 

The  Indian  plants  giving  names  to  places  are 
too  many  to  enumerate ; but  two  have  been  cited 
above — tagara,  conjectured  to  have  given  its  name  to 
the  ancient  unidentified  Tagara,  and  which  actually 
gives  its  name  to  Tagarapuram  in  the  Madras  presi- 
dency— and  karavira  conjectured  to  have  given  its 
ancient  name  to  the  Kholapur  state — and  which  gives 
its  name  to  the  modern  village  of  Karavira  in  that  state. 
The  two  following  are  the  only  native  Indian  names 
of  plants  derived  from  names  of  places. 

Chamha,  champa.  — [Michaelia  Champaka],  from 
Chamba,  or  Champa,  a province  of  Cambogia, 
identified  with*  Cochin-China  by  the  early  Arab 


and  European  travellers  (Marco  Polo,  Nicolo  Conti,  I 
&c.)  The  country  took  its  name  from  an  Aiyan  ' 
tribe  of  the  North-West  Frontier  of  India,  called  I 
Cambojas.  Whenever  they  found  their  numbers  ; 
increasing  beyond  the  means  of  support  to  be  ! 
found  in  the  Tirah  and  Kurum  highlands,  they 
raided  the  rich  lowlands  of  Hindustan,  their  raids  ' 
at  last  extending  into  Farther  India,  where  meeting 
with  no  more  highly-civilised  people  than  them- 
selves, they  permanently  settled  and  gave  their  name 
to  Cambogia ; and  to  its  best  known  vegetable 
production,  gamboge.  They  also  gave  their  name 
to  Cambyses,  whose  family  it  has  been  recently 
said  descended  from  the  Cambojas.  Camb,  means 
“ bent,”  “ curved,”  “ arched,”  and  hence  a “ crest,” 
the  “ neck  of  a horse,”  and  again,  the  comb  of  a 
cock,  and  hence  “strong,”  “brave,”  “warlike,”  and 
“ truculent : ” and  it  is  interesting  to  note  that 
Afridi,  the  same  word  as  “ Afrite  ” in  the  “ Arabian 
Nights,”  is,  in  these  latter  senses,  but  a translation 
of  Camb.  This  word  Ca?nb  appears  in  Scotland 
in  the  form  of  Cambus,  marking  a “bend”  in  the 
Frith  of  Forth,  in  Cambus  kenneth,  Cambus-lang, 
et  cetera,  and  in  Campbell,  the  clan  of  “crooked” 
mouths  ; and  in  England  in  Cambridge,  the  town  of 
the  “curved”  ford  of  the  Granta.  There  is  really 
no  river  Cam,  but  only  the  Granta.  The  first  name 
of  the  town  was  Granta-brycg,  and  the  name  of  the 
Granta  is  still  preserved  in  that  of  the  Hllage  of 
Grantchester,  near  Cambridge.  But  the  bridge  at 
Cambridge  marks  the  ancient  Camboritum,  i.e., 
cambo-rhed,  the  “ curv'ed  ford,”  the  name  of  which 
becoming  confused  with  Cantebriegge,  the  cor- 
rupted form  of  Grantabrycg,  the  latter  gradually  gave 
way  to  the  mongrel  form  of  Cambridge. 

Yavanala. — [Zea  Mays]  “Ionian  reed”;  introduced 
into  India  by  the  Portuguese.  From  the  time  of 
Alexander’s  invasion  the  Hindus  seem  to  have 
designated  all  Europeans  as  Yavanas,  and  still 
often  speak,  even  of  the  English,  when  intending, 
apparently,  to  convey  an  intangible  suggestion  of 
contempt,  as  Yavanas. 

George  Birdwood. 

22  January,  1898. 


DRY  ROT. 

Mr.  Potter’s  most  interesting  paper  on  the  “ Fire- 
proof Construction  of  Domestic  Buildings,”  reported 
in  the  last  number  of  the  Society’s  Journal,  contains  , 
the  remark,  with  reference  to  timber  floors,  that  if  ; 
they  acquire  dry  rot  the  fungus  which  accompanies  1 
it  is  in  a high  degree  dangerous  to  health.  I have  1 
heard  this  statement  frequently  made  in  similar 
general  terms  before,  but  I have  never  been  able  to  ; 
extract  any  reliable  medical  authority  for  it,  and,  as  j 
it  is  a matter  which  must  affect  the  well-being  of  a | 
very  large  number  of  householders,  may  I ask  you  to  ' 
give  publicity  in  your  Journal  to  a request  that  some  | 
competent  and  qualified  reader  would  be  good  enough  1 
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to  record,  for  the  benefit  of  the  members  of  the 
.Society,  the  ascertained  results  of  the  influence  of 
dry  rot  on  the  health  and  'svell-being  of  those  who  arc 
exposed  to  it  ? 

E.  A.  IIankky. 

The  Imperial  Hotel, 

Torquay,  De\  on, 

January  31,  1898. 


Notes  on  Books. 

♦ 

Glass  Blowing  and  Working.  By  Thomas 
Bolas,  F.C.S.  London  : Dawbarn  and  Ward. 
There  do  not  seem  to  be  very  many  English  books 
on  the  subject  of  glass  manufacture,  and  as  regards 
glass-blowing  on  a small  scale  there  are  still  fewer— 
in  fact,  the  present  writer  cannot  recall  any  except  the 
useful  little  manual  published  by  Mr.  .Shenstonc  in 
1886.  That  work  was  intended  solely  for  chemical 
and  physical  students.  Mr.  Bolas  goes  a little  further 
and  suggests  that  amateurs  might  amuse  themselves 
by  working  in  ornamental  glass.  The  articles  which 
can  Avell  be  made  with  the  ap])liances  at  an  amateur’s 
command  are  so  small  that  probably  the  suggestion 
Avill  not  be  very  largely  acted  upon,  but  the  idea  may 
certainly  be  commended  to  those  who  have  acquired 
any  skill  in  ordinary  glass-blowing.  They  will  find  it 
an  excellent  source  of  recreation  and  a valuable  means 
of  increasing  their  skill. 

The  book  may  be  recommended  alike  to  those  who 
desire  to  acquire  some  knowledge  of  the  art,  but  have 
never  attempted  even  to  blow  a bulb  on  the  end  of  a 
tube,  and  to  skilled  glass  Avorkers.  The  former  class 
will  find  minute  and  complete  instruction  for  the  most 
elementary  processes,  and  the  latter  Avill  find  many 
de\ices  and  suggestions  of  A alue  to  him  in  his  Avork. 

After  an  introductory  chapter — mainly  historical — 
Mr.  Bolas  begins  by  describing  his  apparatus,  the 
bloAv-pipe  and  belloAvs,  Avith  the  various  simple  tools 
and  appliances,  Avhich  are  all  the  Avorker  requires. 
They  are  all  not  only  described,  but  instructions  are 
given  for  their  manufacture,  or  their  construction  from 
existing  devices ; as,  for  instance,  Avhen  it  is  shoAvn 
hoAv  tAvo  pairs  of  ordinaiy  household  belloAvs  may  be 
connected  together,  and  conAerted  into  an  apparatus 
for  giving  a continuous  blast.  Methods  of  Avorking 
are  then  described,  from  the  simple  operations  of 
bending  or  closing  a tube,  uj)  to  the  more  elaborate 
re<iuired  in  making  a .Sjnengcl  })ump,  a thermometer, 
01  an  elaborate  piece  of  decorated  Avare  in  coloured 
glass.  A chapter  or  tAvo  on  materials,  and  one  on 
glass  making  at  the  bloAv-pipe  and  on  a laboratory 
icale,  complete  the  book. 

The  Blasting  of  Rock.  By  A.  W.  DaAv  and 
Z.  W.  DaAv.  Part  I.,  “The  Principles  of  Rock 
Blasting.”  London  : E.  and  E.  N.  .Spon.  1898. 
This,  the  first  part  of  the  Avhole  Avork,  is  published 
separately,  the  second  part,  Avhich  is  announced  as 


dealing  Avith  aj)pliances  for  drilling  and  methods  of 
blasting,  being  in  jireparation.  The  subject  seems  to 
be  treated  very  fully  and  comprehensively.  Minute 
details  are  given  on  such  points  as  the  resistance  in 
homogeneous  rock,  the  form  of  cavity  produced,  the 
action  of  different  explosives,  the  size,  depth,  arrange- 
ment, and  })osition  of  bore  holes,  the  effect  of  simul- 
taneous and  independent  firing,  the  Aveight  of  charge 
required  to  shatter  the  rock  and  eject  the  rock  after 
ruj)ture,  the  influence  of  fissures  and  joints,  and 
numerous  other  matters  of  importance  to  the  ])ractical 
Avorkcr.  A number  of  fonnula^  are  given,  and  tables 
to  facilitate  calculations. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Mp:f:ting.s. 

Wednesday  Evenings,  at  8 o’clock  : — 

Ekkriiary  9. — “Comj)cnsation  to  Workmen.”  By 
A.  D.  Provand,  M.P.  Major-General  .Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.  (Chairman  of 
Council),  Avill  preside. 

P'EBRUARY  16. — “The  Protection  of  Industrial 
Property.”  By  J.  E.  Iselin,  M.A.,  LL.M.  Sir 
Frederick  Bramwell,  Bart.,  D.C.L.,  E.R.S., 
Avill  preside. 

February  23. — “ Children’s  Sight.”  By  R. 
Brudenell  Carter,  E.R.C.S. 

March  2. — “Kites:  their  Theory  and  Practice.” 
By  Captain  B.  F.  S.  Baden-Powell. 

March  9. — ■“  Linde’s  Method  of  Producing  Ex- 
treme Cold  and  Liquefying  Air.”  By  Professor  J. 
A.  Faying,  F.R.S. 

March  16. — “ The  Recent  History  of  Paper- 
making.” By  Clayton  Beadle.  Sir  John  Ea'ans, 
K.C.B.,  D.C.L.,  F.R.S. , Avill  preside. 

March  23. — “ The  Preparation  of  Meat  Extracts.” 
By  C.  R.  Valentine. 

March  30. — “ Telegraphy  Across  Space.”  By 
Professor  SiLVANUS  P.  Thompson,  F.R.S. 

Dates  to  be  hereafter  announced  : — 

“ .Stage  Mechanism.”  By  Edavin  O.  .Sachs. 

“ Water  Gas  and  its  Apjdiances.”  By  Professo 
Vivian  Leaves. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  ; — 

Fp'.bruary  17. — “The  Plague  in  Bombay.”  By 
Herbert  Mills  Birdavood,  C.S.L,  IM.A.,  LL.D. 
(late  Governor’s  Council,  Bombay).  The  Bight  Hon. 
Earl  Spencer,  K.G.,  Avill  inesidc. 

Foreign  and  Colonial  Section. 

Tuesday  Afternoons,  at  4.30  o’clock  : — 

In  consequence  of  the  absence  from  England 
of  Mr.  Hamilton  Merritt,  the  paper  announced  for 
February  15,  on  “The  Goldfields  of  Klondyke  and 
British  Columbia,”  has  unavoidably  been  postponed. 
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Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  ; — 
Cyril  Davenport,  “ Decorative  Book- 
binding.” Three  Lectures. 

Lecture  III. — February  7. — Decorative  book- 
binding in  England  from  the  i6th  to  the  i8th  century 
— Gold  and  enamelled  bindings  made  for  Henry  VIII. 
and  Queen  Elizabeth — Bindings  embroidered  on 
velvet  of  the  Tudor  period,  and  on  satin  during  the 
17  th  century — Gold  tooled  work  by  Thomas  Berthelet 
in  the  1 6th  century,  by  Samuel  Mearne  in  the  17th 
century,  and  by  Roger  Payne  in  the  i8th  century,  and 
the  influence  of  these  great  binders  upon  the  art. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Fki?.  7 ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Cyril  Davenport,  “Decorative  Lookbinding.” 
(Lecture  III.) 

Engineers,  in  the  Theatre  of  the  United  Service 
Institution,  Whitehall,  S.W.,  p.m.  Inaugural 
Address  by  the  President,  Mr.  William  Worby 
Beaumont. 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 p.m.  I.  Mr.  J.  W.  Lovibond,  “The 
Curing  of  INIalt  in  Relation  to  Colour  and  Value.” 
2.  Mr.  A.  R.  Ling,  “ Clerget’s  Method  of  Esti- 
mating Cane  Sugar.”  3.  Messrs.  A.  R.  Ling  and 
J.  I’.  Baker,  “A  New  Modification  of  Clerget’s 
Method  of  Estimating  Cane  Sugar,  specially 
applicable  to  Molasses  and  After  Products.”  4. 
Dr.  L.  T.  Thorne  and  E.  H.  Jeffers,  “ Note  on  the 
Estimation  of  Water  in  Invert  Sugars.” 

Imperial  Institute,  South  Kensington,  8J  p.m.  Capt. 
S.  Eardley  Wilmot,  “ The  Navy  during  the  Queen’s 
Reign.” 

Surveyors,  12,  Great  George-street,  S.W.,  8 p.m. 
Discussion  on  the  paper  read  by  Mr.  A.  A.  Hudson, 
“ Technical  Tribunals  and  Surveyors  as  Arbi- 
trators.” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Mr.  Edwin  O.  Sachs,  “ The  Housing  of  the  Drama : 
with  special  reference  to  Subscription  and  Endowed 
Theatres.” 

Camera  Club,  Charing-cross-road,  W.C.,  p.m. 

Rev.  Walter  Weston,  “Japan.” 

Medical,  ii,  Chandos-street,  W.,  8^-  p.m. 

Victoria  Institute,  8,  Adelphi -terrace,  W.C.,  8 p.m. 
Paper  on  “The  Egyptian  Literature  i8th 
Dynasty.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Professor  Vivian  Lewes,  “Incandescent  Gas 
Lighting.” 

Tuesday,  Feu.  8. ..Royal  Institution,  Albemarle-street,  AV., 
3 p.m.  Professor  E.  Ray  Lankester,  “ The  Simplest 
Living  Things.”  (Lecture  IV.) 

United  Service  Institution,  Whitehall,  S.W.,  3 p.m. 
Mr.  W.  Allingham,  “ The  Training  of  the 
Mercantile  Marine.” 

Medical  and  Ch  rurgical,  20,  Hanovcr-squarc,  W.. 
8^  p.m. 

Civil  Engineers,  25,  Great  George-street,  S.AV., 
8p.m.  I.  Mr.  William  Thow,  “The  Security  of 
Locomotive  Fire-Boxes.”  2.  Mr.  John  A.  F. 
Aspinall,  “Friction  of  Locomotion  Slide-Valves.” 


Photographic,  12,  Hanover-square,  AV.,  8 p.m 
Annual  Meeting. 

Colonial  Inst.,  AVhitehall-rooms,  AVhitehall-placc 
S.AV.,  8 p.m.  Mr.  H.  Birchenough,  “ Som 
Aspects  of  Our  Imperial  Trade.” 

Pharmaceutical,  17,  Bloomsbury-square,  AA’’.C.,8  p.m| 

Asiatic,  22,  Albemarlc-strect,  AV.,  4 p.m. 

Wednesday,  Feb.  9. ..SOCIETY  OF  ARTS,  John-street 
Adelphi,  AV.C.,  8 p.m.  Air.  A.  D.  Provand 
“Compensation  to  Workmen.” 

Sanitary  Institute,  74A,  Alargaret-strect,  AV’’.,  8 p.m 
Prof.  J.  Lane  Notter,  “ Purification  of  AVatcr  fo 
Barracks,  Prisons,  and  other  Institutions.” 

Royal  Literary  Fund,  7,  Adelphi-terracc,  W.C. 

3 P-m. 

United  Service  Institution,  AYhitehall,  S.W.,  3 p.m 
Colonel  J.  D.  Legard,  “Army  Organisation,  will 
special  Reference  to  the  Infantry  of  the  Line  anc 
Alilitia.” 

Royal  Societ}'  of  Literature,  20,  Hanover- square; 
AV.,  I p.m. 

Electrical  Engineers,  25,  Great  George-street,  S.W. 

8 p.m.  I.  Discussion  on  Alajor-General  AV^ebber’; 
paper,  “ Notes  on  the  Electro-Chemical  Treat- 
ment of  Ores  containing  the  Precious  Aletals.”  2 
Air.  Sherard  Cowper  - Coles,  “An  Electrolytic 
Process  for  the  Alanufacture  of  Parabolic  Re- 
flectors.” 

Thursd.\y,  Feb.  10. ..Royal,  Burlington-house,  AV.,  4J  p.m. 

Antiquaries,  Burlington-house,  AV.,  8^-  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  6 p.m 
Air.  Augustine  Birrcll,  “Commercial  Aspects  o 
Fraud.” 

Society  for  the  Encouragement  of  Fine  Arts,  9. 
Conduit-street,  AV.,  8 p.m.  Air.  C.  E.  Keyser,^ 
“Aldermaston  Church,  and  its  Alonumcnts.” 

Royal  Institution,  Albemarlc-strect,  AV.,  3 pm. 
Dr.  J.  P.  Richter,  “ Some  Italian  Pictures  at  tliC; 
National  Gallery.”  (Lecture  I.) 

Alechanical  Engineers,  25,  Great  George-street,, 
S.AV.,  8 p.m.  I.  Discussion  on  paper  by  Air.  Philip- 
Dawson,  “ Alechanical  Features  of  Electric! 
Traction.”  2.  Prof.  Frederic  AV.  Burstall,  “ Firstj 
Report  to  the  Gas-Engine  Research  Committee  : 
description  of  apparatus  and  methods,  and  pre-: 
liminary  results.” 

Alathematical,  22,  Albemarle-street,  AV.,  8 p m. 

Camera  Club,  Charing-cross-road,  AV.C.,  8|  p.m. 

Friday,  Feb.  n.. .Royal  Institution,  Albemarle-street,  8 p.m. 

A\'’eekly  Aleeting.  9 p.m.  Dr.  J.  H.  Gladstone. 

'“The  Aletals  used  by  the  Great  Nations  oi 
Antiquity.” 

Civil  Engineers,  25,  Great  George-street,  S.W.,  8| 
p.m.  (Students’  Aleeting.)  Air.  John  T.  Alorris 
“ The  Protection  of  Power  Transmissions  from 
Lightning.” 

Astronomical,  Burlington-house,  AA'".,  3 p.m.  Annua^ 
Aleeting. 

Philological,  University  College,  W.C.,  8 p.m. 

Clinical,  20,  Hanover-square,  AV.,  8|p.m. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  AV.,  5 p.m.  Annual  General  Aleeting.  i. 
Address  by  the  President.  2.  Air.  G.  H.  Bryan, | 
“ Electromagnetic  Induction  in  Plane,  Cylindrical, | 
and  Spherical  Current  Sheets,  and  its  Representa- 
tion by  Aloving  Trails  of  Images.” 

Alechanical  Engineers,  25,  Great  George-street, 
S.AV.,  8 p.m.  Air.  Sidney  Tebbutt,  “Steam; 
Laundry  Alachinery.” 

Saturday,  Feb.  12  ...  Botanic,  Inner  Circle,  Regent’s- 
park,  N.W.,  3I  p.m. 

Royal  Institution-,  Albemarle-street,  AV.,  3 p.m., 
Mr.  W.  Hadow,  “ The  Structure  of  Instrumental! 
Alusic.”  (Lecture  I.) 
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Notices. 


CANTOR  LECTURES. 

Mr.  Cyril  Davenport  delivered  the  third 
and  last  lecture  of  his  course  on  “ Decorative 
Bookbinding,”  on  Monday  evening,  7th  inst., 
when  he  dealt  w'ith  English  bindings  in  enamel, 
velvet,  embroidery,  and  leather. 

The  Chairman  (Mr.  Lewis  F.  Day)  pro- 
posed a vote  of  thanks  (which  was  carried 
unanimously)  to  Mr.  Davenport  for  his  valuable 
lectures,  and  for  the  specially  fine  series  of 
coloured  lantern  slides  with  w-hich  they  were 
illustrated. 

The  lectures  will  be  published  in  the  Journal 
during  the  summer  recess. 


FOREIGN  &>  COLONIAL  SECTION 

The  meeting  on  Tuesday,  February  15th, 
will  not  be  held  in  consequence  of  Mr.  Hamilton 
Merritt’s  absence  from  England.  The  paper 
on  “The  Goldfields  of  Klondike  and  British 
Columbia,”  which  w’as  announced  to  be  read 
on  that  day  by  Mr.  Merritt,  has  unavoidably 
been  postponed. 


Proceedings  of  the  Society. 

♦ 

APPLIED  ART  SECTION. 

Tuesday,  January  25,  1898;  William 

Luson  Thomas,  R.I.,  Member  of  Council, 
in  the  chair. 

The  paper  read  was — 

RENAISSANCE  WOODWORK  IN 
ENGLAND. 

By  J.  Hungerford  Pollen. 

In  the  following  remarks  I do  not  intend  to 
touch  on  the  matter  of  furniture — a subject  on 
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which  I have  been  loquacious  before.  I want 
to  discuss  woodwork,  and  of  the  Renaissance 
kind,  from  the  point  of  view  of  the  architect. 
Both  in  the  construction  of  buildings  and  in 
adaptation  to  human  occupation  wood  plays 
an  important  part.  From  the  days  of  Greek 
temples,  so  moderate  in  size  as  compared  with 
the  imposing  structures  of  Imperial  Rome, 
timber  has  been  a necessity.  Special  and 
exceptional  buildings  only  could  dispense  with 
it ; and  if  wood  is  necessary  in  hot  climates  it  is 
much  more  indispensable  in  the  north.  The 
vast  churches,  halls,  and  palaces  of  civilised 
Europe  require  timber  of  large  growth  to 
support  roofs  which  are  of  high  pitch  (in 
climates  liable  to  heavy  snow  falls),  and  even 
when  the  art  of  vaulting  great  widths  came  into 
use,  these  vaults  also  required  a timber  roof 
over  them. 

Then  the  insides  of  our  northern  buildings 
require  some  sort  of  lining  to  cover  over 
stone  and  brickwork.  The  Greeks  had  white 
marble  at  their  doors.  The  Romans  had  ships 
and  soldiers,  and  could  help  themselves  to  the 
precious  building  materials  of  the  countries 
bordering  the  Mediterranean.  Hence  it  was 
no  serious  difficulty  for  a Roman  Emperor, 
who  found  Rome  a city  of  brick,  to  cover  that 
material  with  a coating  of  marble.  In  Rome, 
as  in  Greece,  the  interior  of  the  house  was  the 
place  for  coolness,  rather  than  warmth,  there- 
fore marble  walls  were  refreshing,  like  marble 
seats  and  benches  ; and  where  marble  was  out 
of  reach  the  Romans  lined  their  walls  with 
stucco  and  painted  it. 

We,  on  the  other  hand,  have  no  need  to  look 
for  cold  air.  There  is  plenty  of  it  out  of  doors. 
We  don’t  care  to  feel  icy  walls  of  brick  or  free- 
stone. We  prefer  panels  and  benches  of  wood. 
If  not  with  wood,  then,  as  so  extensively  in  the 
Middle  Ages,  walls  were  covered  with  tapestry, 
or  the  substitutes  for  tapestry,  silk,  and  so 
down  to  paper.  Wood,  then,  is  a necessari- 
quantity  in  estimates  for  building,  and  to  use 
it  either  constructively  or  decoratively  is  an 
important  necessary  accomplishment  of  the 
architect. 

Wood  in  the  Middle  Ages  and,  indeed,  long 
after,  was  the  material  of  which  houses  and 
entire  cities  were  built.  London,  down  to  the 
time  of  the  Great  Fire  was  a timber  citv. 
Interspersed  with  palaces,  churches,  of  course, 
and  castles  of  solid  stone,  but  as  a cit}'  with 
congeries  of  streets,  lanes,  alle5-s,  <Szc.,  it  was 
a timber  city,  and  once  on  fire  it  blazed  as 
timber  streets  would.  The  art  of  woodwork 
was  therefore  well  understood  and  widely  prac- 
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tised  at  the  time  in  which  the  Renaissance 
took  place. 

As  to  the  word  Renaissance,”  I need 
hardly  remind  you,  because  everyone  is 
familiar  with  it,  that  renaissance,  or  new 
birth,  means  the  new  birth  or  revival  of  the 
classic  learning,  the  works  of  the  ancient 
Greek  and  Latin  writers,  and  the  interest  in 
the  ancient  temples  and  sculptures  of  the  Greeks 
and  Romans,  which  these  writings  excited. 
Then,  again,  at  the  close  of  the  15th  century, 
the  Roman  Pontiffs  had  returned  to  Rome  after 
long  absence.  There,  as  in  Florence  and  other 
Italian  States,  these  remains  of  classic  art 
interested  and  captivated  the  Italians  of  the 
later  15th  and  the  whole  of  the  i6th  century. 
It  was  not  a new  religion,  but  the  enthusiasm 
it  created  w'as  as  great  as  if  it  had  come 
down  from  heaven  in  the  brain  of  some  celestial 
messenger.  Old  Greek  and  Roman  names, 
Alexander,  Hercules,  Horace,  and  numerous 
others,  were  assumed  or  given.  We  hear  of  a 
Sir  Julius  Caesar  in  these  sober  islands.  In 
short  there  was  no  standing  out  against  such  a 
mighty  rush.  Our  particular  subject,  the  art 
of  woodwork,  became  Renaissance  woodwork, 
and  as  such  it  remains  in  possession  to  the 
present  day.  Yes,  even  something  of  it  sur- 
vives in  the  jerry  builders’  roofs  and  partitions  ; 
much  more  in  the  roofs  and  stages  of  our  great 
public  halls  and  theatres. 

As  applied,  indeed,  to  woodwork,  the  Renais- 
sance affected  the  ornamentation  rather  than 
the  construction  of  woodwork,  and  though  it  is 
called  a new  birth,  it  came  to  maturity  very 
gradually  in  countries  our  side  of  the  Alps. 

I.  In  England  the  Renaissance  art  must  be 
credited  to  Henry  VII.  His  accession  marked 
a new  era,  not  in  the  arts  alone,  but  in  politics 
and  manners.  The  feudal  system  came  to  an 
end  at  the  battle  of  Bosworth,  and  the  king 
was  absolute. 

As  regards  the  new  architecture,  Henry  did 
little  beyond  erecting  the  splendidtomb  made  for 
him  by  Torrigiano,  the  Italian  sculptor,  now  in 
Westminster  Abbey.  He  built  churches,  though 
he  was  not  fond  of  spending  his  money.  But 
his  churches  were  in  the  pointed  architecture 
still  in  fashion  in  his  day,  and  we  may  refer 
to  an  example  in  his  chapel  at  Westminster. 
Though  it  is  in  a debased  phase,  it  still  be- 
longs to  the  English  late  pointed  style.  It  is 
admirably  constructed,  and  we  recognise  in 
it  the  work  of  a race  of  builders  perfectly 
familiar  with  the  system  of  vaulting,  the  weight 
and  size  of  buttresses  necessary  to  support  it, 
and  complete  familiarity  with  their  materials. 


The  most  successful  decoration  of  the  chapel 
lies  precisely  in  its  woodwork,  which  shows  no 
special  character  of  Italian  renaissance,  but 
which  does  show  the  hands  of  skilful  con- 
structors and  carvers.  The  light  and  free 
fretwork  of  the  stall  canopies,  and  the  ad- 
mirable groups  and  figures  in  the  round, 
carved  under  the  7uisereres,  may  be  compared 
with  any  mediaeval  stall  carvings,  showing 
what  an  excellent  school  of  figure  and  orna- 
mental detail  carvers  the  country  then  pos- 
sessed. As  regards  skill  in  wood  construction 
we  have  proof  in  the  adjoining  roof  of  West- 
minster Hall,  erected  some  two  hundred  years 
before.  I conclude  that  all  the  present  com- 
pany are  familiar  with  it.  The  truss  or  framed 
structure  in  ordinary  roofs  which  throws  a 
bridge  across  from  wall  to  wall,  is  replaced  at 
Westminster  by  a collar  beam  about  a third 
of  the  length  of  the  rafters,  supported  by  a 
great  cusped  arch  of  timber,  that  brings 
the  weight  of  the  roof  half-way  down  the 
w'alls.  Rows  of  small  mullions  with  cusped 
arch-heads  fill  up  the  spandrils  between  these 
curved  braces  and  the  beams  which  they  sup- 
port, and  complete  the  splendours  of  the  con- 
struction. 

Such  were  the  structural  and  decorative 
attainments  which  the  Renaissance  woodwork 
was  to  replace.  But,  as  we  shall  see,  these 
old  principles  died  hard. 

The  Renaissance  art  and  architecture  was 
introduced  by  the  Tudor  princes — gradually, 
no  doubt.  Guilds  of  carpenters,  joiners,  and 
carvers,  under  whom  the  workmen  of  the  day 
had  been  educated,  did  not,  and  could  not. 
easily  unlearn  a kind  of  art  which  they  could 
put  into  execution  by  a sort  of  instinct.  The 
elaborate  drawings  of  modern  architecture  were 
then  neither  provided  nor  required.  A guild 
master  could  set  his  men  to  work,  when 
measurements  w^ere  settled.  Small  deviations, 
which  do  not  affect  the  apparent  correct- 
ness of  measures,  or  of  details  that  balance 
each  other,  were  overlooked  or  uncared  for. 
Any  examination  of  ranges  of  carved  panelling, 
for  instance,  will  show  here  and  there  such 
deviations.  Little  details  in  carvdng,  such  as, 
small  animals,  birds,  &c.,  are  frequently  found 
inserted  to  amuse  the  carver  as  he  proceeded. 

But  these  mediaeval  guilds  survived  only  to 
the  reign  of  Henry  VIII.,  who  seized  their 
property. 

Henry  VIII.  was  not  a builder  of  churches,] 
just  the  contrary^  he  destroyed  them  on  a large 
scale,  and  in  a most  barbaric  fashion.  But 
he  was  a builder  of  houses.  As  he  was  a; 
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man  of  considerable  personal  accomplishments 
and  well  provided  with  money,  his  houses 
were  splendid.  The  first  and  greatest  of  the 
artists  he  entertained  was  Hans  Holbein,  a 
Swiss,  an  accomplished  draughtsman  and 
painter,  and  an  admirable  designer,  not  only 
of  portraits  as  the  “Court  Painter,”  but  of 
goldsmiths’  work  and  woodwork. 

There  is  an  elaborate  drawing  of  a dagger- 
hilt  and  sheath  by  him  in  the  British  Museum, 
and  another  of  a gateway  from  Whitehall  into 
St.  James’s-park,  decorated  with  elaborate 
woodwork.  Where  the  drawing  is  I am  un- 
certain ; perhaps  in  the  Library  of  Windsor 
Castle.  Henry  built  for  one  of  his  queens  a 
residence  in  Surrey,  known  as  “Nonsuch,” 
that  is  “unequalled.”  Judging  from  a repre- 
sentation in  the  background  of  a picture,  it 
must  have  been  mainly  constructed  of  wood, 
and  splendidly  carved. 

There  is  in  the  Priory  House  in  Reigate  a 
carved  oak  fireplace,  formerly  in  “ Nonsuch,” 
but  turned  out  of  it  after  the  Civil  Wars,  when 
“ Nonsuch  ” was  ruined  or  much  injured.  The 
fireplace  has  a circular  seat  on  each  side, 
each  seat  covered  by  a canopy  of  tabernacle 
work,  the  details  of  which — columns,  triumphal 
arclies,  little  figures  of  genii,  all  on  a minute 
scale  and  of  a classic  character — are  carved 
with  astonishing  delicacy  and  finish,  e.g., 
Corinthian  columns  9 or  10  inches  high  (I  speak 
from  memory)  are  fluted,  the  capitals  perfect 
in  detail ; each  little  genius,  4 or  5 inches 
high,  correspondingly  perfect ; from  seat  to 
seat  stretches  a complicated  trellis  cut  out  of 
i the  solid,  the  bars  of  it  shozvji  in  Aerspectwe, 

' and  a Tudor  rose  bush  twining  in  and  out. 

I Above,  two  flying  genii  support  the  Royal 
Arms,  sculptured  to  perfection. 

I Whether  this  fireplace  is  the  work  or  design 
; of  Holbein,  we  have  no  documents,  as  far  as 
I know,  to  prove.  It  is  his  in  character,  and 
I probably  all  the  carved  decoration  of  the 
place  was  from  his  drawings.  Henry,  like 
, most  of  his  royal  contemporaries,  liked  to 
I entertain  such  artists  as  could  manage  the 


masques,  pageants  and  sports  of  their  courts. 
Some  of  these  required  costly  contrivances, 
shifting  scenery  and  transformations,  like  those 
of  our  pantomimes.  Such  artists  could  also 
design  dress,  jewellery  and  furniture.  Archi- 
tecture they  took  to  when  required.  It  must 
be  remembered  that  master  builders  of  the 


' 16th  and  17th  centuries  were  familiar  with 


the  details  of  mere  building  from  long-known 
traditions,  and  in  this  respect  were  far  in 
advance  of  professional  builders  of  our  day. 


Of  Holbein’s  architectural  style  there  are 
examples  at  Hampton  Court,  and  at  Wilton- 
house,  near  Salisbury.  As  to  panelling,  so 
important  an  element  in  the  finish  of  houses 
and  churches,  there  is  at  Hampton  Court  a 
painting  by  Holbein  representing  the  king 
seated  with  his  family  about  him  ; and  the 
chamber  is  panelled  with  elaborately  drawn 
and  gilded  scroll  work  in  each  panel.  Whether 
the  painter  painted  from  work  actually  existing 
or  not  we  cannot  say,  but,  seeing  the  splendour 
of  such  details  of  interior  decoration  as  are 
still  to  be  seen  at  Hampton  Court,  it  is  prob- 
able that  he  did.  This  is  the  more  likely  as 
the  panelling  in  the  picture  is  the  back  of  a 
throne  or  State  seat. 

Henry  had  Girolamo  da  Trevigi  also  in  his 
service,  but  no  special  work,  as  far  as  I know, 
is  credited  to  him. 

Another  artist  settled  by  his  invitation  in 
England  was  John  of  Padua,  architect,  but 
also  an  accomplished  musician,  in  which 
capacity  he  seems  to  have  served  his  majesty. 
Very  little  is,  at  present,  known  of  John,  nor 
whether  he  hailed  exactly  from  Padua  or,  as 
some  say,  from  Venice.  He  built  several  of 
the  more  sumptuous  country-houses  still  exist- 
ing. Longleat,  in  Wilts.,  is  one.  Wollaton, 
in  Nottinghamshire,  is  sometimes  attributed 
to  John  of  Padua,  but,  I believe,  more  properly 
to  John  Thorpe. 

2.  John  Thorpe  belongs  to  the  last  quarter  of 
the  i6th  century,  and  we  know  more  of  his 
work.  Wollaton  has  been  mentioned.  Hol- 
land-house, in  Kensington,  and  Burghley- 
house,  near  Stamford,  are  of  his  designs. 
A book  of  his  studies  is  preserved  in  Sir  John 
Soane’s  Museum,  Lincoln’s-inn-fields.  Several 
other  houses  might  be  mentioned.  He  does 
not  seem  to  have  built  timber  houses  nor,  if  we 
may  judge  from  Wollaton,  to  have  carea  for 
decorative  woodwork.  The  large  houses  built 
during  the  reign  of  Elizabeth  have  been,  in 
many  instances,  only  partially  brought  to  com- 
pletion internally  by  the  original  projectors. 
The  woodwork  is,  therefore,  often  later  in  date 
and  in  style  than  the  exterior,  and  some  of  the 
best  panelling  of  the  time  may  be  seen  in 
Sizergh  Castle  and  at  Haddon-hall.  Both 
these  houses  are  old  mediaeval  strongholds, 
with  additions  built  at  various  times.  In 
Sizergh  the  large  drawing-room  is  beautifully 
panelled  in  small  squares,  the  centre  raised, 
and  with  delicate  lines  of  moulding  worked  on 
it,  in  addition  to  the  small  moulded  lines 
of  rails  and  stiles. 

Besides  carving,  the  Elizabethan  period  pro- 
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duced  a different  kind  of  woodwork  decoration, 
a fine  example  of  which  has  been  removed 
from  Sizergh  Castle  to  the  South  Kensington 
Museum.  The  entire  interior  of  the  room  is 
of  inlaid  work  in  various  patterns  of  arabesque 
ornament.  The  divisions  of  the  walls,  the 
skirting,  dado,  and  cornice  are  treated  with 
special  running  borders,  and  lengthwise  the 
walls  are  divided  by  pilaster-shaped  panels. 
The  woods  which  are  used  for  inlaying  are  black 
bog  oak  and  white  wood  of  some  kind,  probably 
holly.  Lime  or  poplar  are  probably  also  to  be 
found  in  this  ornamentation.  The  ceiling,  in 
South  Kensington,  is  a reproduction  from 
squeezes  of  the  original,  still  zn  situ  at  Sizergh. 

One  other  example  of  Elizabethan  woodwork 
I will  show  presently  on  a lantern  slide.  It  is 
from  Kenilworth,  the  palace  of  Elizabeth’s 
favourite,  Robert  Dudley.  The  ceiling  of  the 
.room  is  of  oak  divided  into  large  squares  by 
mouldings,  and  the  fireplace  is  surmounted  by 
.an  heraldic  scutcheon  displaying  the  Royal 
arms  and  mantling. 

The  reigns  both  of  Henry  and  Elizabeth  saw 
the  founding  of  new  families,  and  the  heads 
were  accomplished  men,  and  built  up  their 
fortunes  and  their  houses  with  much  skill  and 
corresponding  magnificence. 

So  far,  then,  as  to  the  style  of  woodwork 
properly  called  Elizabethan.  It  is,  however, 
difficult  even  when  the  name  of  the  architect  is 
known,  and  the  date  of  the  house,  to  be  sure  of  the 
date  of  interiors  as  we  now  see  them.  I shall  have 
to  point  presently  to  structures  almost  mediaeval 
in  character  belonging  to  times  later  than 
Elizabethan,  while  much  of  the  Holbein  period 
is  more  decidedly  Renaissance  than  anything 
we  find  in  the  reign  of  Elizabeth.  Usually  a 
new  style  in  architecture  comes  in  gradually 
and  reaches  completion  after  a lapse  of  years. 
But  the  Tudors  were  violent  rulers,  and  im- 
posed their  will  and  their  fashions  in  house 
decoration,  as  in  much  more  serious  matters, 
tyrannically.  Still,  notwithstanding  these  in- 
fluences, the  old  ideas  of  the  nation — the 
memories  of  the  splendid  England  of  the  14th 
century — died  hard,  and  when  the  last  Tudoj- 
was  buried,  popular  taste  reverted  in  the  direc- 
tion of  mediaevalism.  The  Elizabethan  of  the 
17th  century  is  that  which  is  seen  in  the  large 
majority  of  our  halls,  manors,  abbeys,  and 
houses  called  by  these  and  other  names,  and 
this  mixed  style  is  more  genuinely  English,  and 
continues  more  popular,  than  the  classic  style 
of  Inigo  Jones  and  Wren,  which  belongs  to 
the  time  of  the  later  Stuart  kings,  and  is  of  a 
confirmed  academic  character. 


3.  The  most  imposing  features  of  the  houses 
of  the  17th  century  are  the  great  halls  with 
their  massive  tables  and  benches,  in  which  the 
hospitalities  of  the  owners  were  dispensed,  and 
masks,  pageants,  and  dances  prepared  for  the 
entertainment  of  the  neighbours.  The  halls 
generally  rise  through  the  first  floor,  and  com- 
munication across  them  on  that  floor  is  secured 
by  a gallery,  closed  with  lattices  or  concealed 
by  the  upper  ornaments  of  the  great  screens  of 
carved  oak  which  divide  the  hall  from  outer 
entrances,  and  from  the  offices.  The  fires 
were  no  longer  made  in  the  middle  of  the 
room,  as  at  Westminster  School,  at  Penshurst, 
and  a few  other  places,  but  in  large  fireplaces 
with  imposing  fronts  carved  with  armorial 
bearings  and  other  decorations.  Telamons, 
human  figures  serving  as  piers  or  brackets, 
are  favourite  subjects ; burly  and  massive 
figures,  boldly  and  spiritedly  carved,  look  down 
upon  you  from  these  structures  and  seem  to 
welcome  the  traveller  to  their  abode  ; family 
portraits  (sometimes  bad  enough)  cover  parts 
of  the  walls. 

Family  trophies,  regimental  colours,  arms 
that  have  belonged  to  sons  and  ancestors  long 
dead  adorn  these  walls,  to  say  nothing  of 
notable  stag  horns,  rare  birds,  stuffed  phe- 
nomenal fish  caught  on  the  property,  and  the 
like.  The  halls  represent  the  families  that 
have  lived  and  died  in  the  old  homes.  New 
men  who  build  or  buy  such  places  in  our  day 
are  said  to  buy  rows  of  sham  ancestors  and 
trophies  of  arms  arranged  in  stars  to  replace 
genuine  relics  of  this  kind. 

Next  to  screens  and  fireplaces  we  may  name 
the  roofs.  Many  halls — those  of  Hampton  Court, 
and  of  Christ  Church,  Oxford,  for  example — 
are  roofed  in  the  old,  mediaeval  manner ; less 
gracefully  put  together,  and  with  the  decorated 
parts  heavier  and  loaded.  Still  these  roofs  are 
the  old  mediaeval  roof  revived,  and  are  dignified 
and  impressive  structures.  I doubt  whether  in 
the  17th  century  any  country  except  our  own 
retained  them. 

The  panelling  of  walls  was  simple,  but  in 
many  cases  retained  the  old  “linen”  pattern, 
perpendicular  mouldings  representing  napkins 
folded  in  plaits.  Some  of  the  panelling  in  the 
South  Kensington  Museum  is  set  off  by  carved 
pilasters  and  by  a frieze  carved  with  figures  of 
the  seasons  or  genii,  &:c.  But  the  size  of 
the  panels  is  ruled  by  the  average  width  of 
the  planks  of  heart  wood  from  which  they 
are  cut. 

The  building  of  these  roomy  country  “ man- 
sions ” continued  till  the  time  of  the  Civil  War., 
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It  was  from  the  owners,  with  their  ser\’ants 
and  tenants,  that  the  Royal  armies  were 
recruited. 

4,  It  is  time  now  to  turn  to  an  architect  who 
did  much  to  bring-  what  I have  called  the 
academic  renaissance  into  fashion,  and  renais- 
sance woodwork  into  line  with  it.  I do  not 
call  the  early  changes  introduced  by  Henry 
and  Elizabeth,  the  early  modest  adoption  of 
Corinthian  columns  and  other  antique  orna- 
mental detail,  academic.  It  did  not  take  its 
origin  from  written  rules,  mechanically  worked 
out  in  treatises  and  books,  but  by  following 
living  men  who  had  been  trained  in  older 
traditions,  and  superadding  to  them  what  im- 
pressed them  in  the  old  temples,  triumphal 
arches,  and  ruined  palaces  of  Rome.  They 
introduce  sculptured  children  and  animals 
into  their  work,  always  with  a right  feeling 
of  “propriety,”  the  to  Jrelon,  the  really 
“becoming.”  The  later  renaissance  was  the 
product  of  learned  men  who  had  analysed  the 
huge  temples  and  ruins  of  Italy  and  reduced 
them  to  rules,  as  academies  of  art  in  our  day 
manufacture  artists  by  rules.  Rules  are  good 
as  tests  required  to  measure  and  test  the  work 
of  a painter  or  an  architect,  but  they  will  not 
make  either.  Poeta  nascitur  non  fit. 

Inigo  Jones,  whose  work  was  of  the  complete 
I full  blown  classic  kind,  was  himself  an  artist 
of  great  power.  He  was  born  in  1573,  and,  as 
some  say,  was  apprenticed  to  a joiner.  At  an 
early  age  he  travelled  to  Venice  and  other 
places.  Built  a palace  at  Leghorn,  and 
another  for  the  King  of  Denmark,  and  bought 
sculpture  and  other  works  of  art  for  the  Earls 
of  Pembroke,  Arundel,  and  Danvers.  He 
flourished  during  the  reigns  of  James  I., 
and  Charles  I.  His  great  design  was  for 
a new  Royal  Whitehall,  the  old  palace  of 
Wolsey  having  been  burnt  in  1618.  All  that 
was  built  by  Jones  was  the  banqueting  house 
opposite  the  Horse  Guards.  More  than  one 
set  of  designs  for  the  entire  palace  remain  and 
have  been  engraved. 

Jones  became  attached  to  the  Court  of  James 
I.,  some  time  before  1610  as  the  inventor 
and  contriver  of  masks,  scenery,  and  general 
designer  for  the  Court.  There  is  a King’s 
Thames  barge  at  South  Kensington,  possibly 
of  his  design.  He  seems  to  have  been  a 
devoted  admirer  and  follower  of  Palladio.  All 
his  architecture  is  simple  and  massive.  Wilton- 
house,  Salisbury ; Ashburnham-house,  West- 
, minster  ; Brympton,  Somerset  (the  front),  and 
many  other  houses  are  existing  examples.  His 
woodwork  is  suited  to  the  massive  character  of 


his  exteriors.  I have  lantern  slides  of  some  of 
his  panelling  which  has  more  design  in  it  than 
that  of  Wren,  who  came  after  him.  His  in- 
ventiveness, as  his  Majesty’s  contriver,  was  of 
service  to  his  woodwork.  Shifting  scenes,  of 
which  he  had  learned  the  art  in  Italy,  are  said 
to  have  been  introduced  into  this  country  by 
him.  His  more  important  fireplace  fronts  were 
of  marble,  but  a large  number  of  them  were  of 
wood,  the  composition  and  ornamentation  being 
similar  in  design  to  his  marble  ones.  There 
are  certain  decorative  features  very  frequently 
seen  on  these  objects  ; for  instance,  groups  of 
three  long  acanthus  buds,  looking  rather  like 
three  fishes,  which  have  seemed  to  me  a sort 
of  Jones  signature,  whether  invented  by  him 
or  borrowed  from  Italy. 

Another  favourite  moulding  of  Jones’s  is  the 
square  fret,  and  another  the  curve  rolling  over 
like  the  waves  of  the  sea,  called  the  Vitruvian 
roll ; and  another  of  his  decorations  in  wood 
is  the  swag  or  hanging  garland.  We  find 
this  last  on  fireplace  mouldings  and  at  the 
flanks  of  picture  frames  where,  in  either 
instance,  the  angles  break  out,  commonly 
called  Vandyck  frames,  because  often  used 
for  Vandyck  portraits.  Jones  used  Telamon 
figures,  i.e.,  figures  as  mem.bers  or  appa- 
rent members  of  support,  in  his  chimney 
fronts.  This  kind  of  carving  became  a fashion, 
sometimes  facing  the  spectator,  sometimes 
sideways  in  profile.  Later  architects,  Kent 
and  others,  made  use  of  these  various  decora- 
tive features  in  the  woodwork  of  London  houses. 
Examples  from  Wood-street,  and  the  demo- 
litions of  Carey-street,  &:c.,  may  be  seen  in 
the  South  Kensington  Museum  and  in  furniture 
shops. 

Altogether  it  must  be  acknowledged  that 
Jones,  if  he  did  much  (as  I think  he  did)  to 
academicise  renaissance  interiors  as  well  as 
exteriors,  he  did  it  with  a certain  nobility,  and 
that  in  the  woodwork  interest  he  stamped  a 
lasting  impression  on  his  country. 

5.  Next  to  Inigo  Jones  we  must  rankSir  Chris- 
topher Wren,  an  admirable  constructor,  and 
not  wanting  in  the  capacity  of  decorative  com- 
position in  his  architecture.  He  is  said  never 
to  have  travelled  beyond  the  four  seas,  and 
that  this  fact  was  a professional  disadvantage. 

I do  not  altogether  admit  that  latter  view.  He 
might  have  lost  as  much  as  he  would  have 
gained  by  the  variety  of  fashions  he  would  have 
seen  in  Italy  and  France. 

Wren’s  woodwork  may  be  seen  in  the  stall 
work  of  St.  Paul’s  Cathedral  and  some  col- 
legiate chapels.  There  are  details  at  South 
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Kensington  from  the  old  stalls  at  Eton  College. 
His  stalls  are  covered  by  a continuous 
flat  roof  or  shelf  supported  by  brackets 
beautifully  carved  with  acanthus  in  graceful 
rolls.  His  panelling  in  parish  churches  can 
be  seen  in  London  City  churches.  Many 
of  them  were  re-built  by  Wren  after  the  Great 
Fire. 

For  house  interiors  he  may  be  well  studied 
in  Greenwich  and  Hampton  Court.  His  panel- 
ling is  on  a large  scale,  a set  of  dado  panels 
below,  and  of  tall  panels  8,  9 or  more  feet  by 
about  3.  The  mouldings  are  large  in  pro- 
portion. At  Hamptoiij  Court,  occasional  swags 
of  Grinling  Gibbons  carving  in  lime  wood  are 
introduced.  These  interior  fittings  are  quiet, 
dignified,  more  “ proper  ” than  interesting. 
The  windows  of  Hampton  Court  are  of  the 
Dutch  kind,  tall  sash  windows  ; useful,  but 
wanting  in  any  kind  of  decorative  effect. 
Wren  had  many  imitators.  His  architecture, 
under  other  hands,  devoid  of  the  decorative 
capacities  of  Wren,  has  resulted  in  the 
dullest  of  the  streets  and  squares  of  Georgian 
London.  Wren  panels,  staircase  balustrades, 
&c.,  survive  in  hundreds  of  the  houses  built 
after  his  death. 

6.  Next  we  must  notice  Sir  William 
Chambers,  an  arcjihect  of  the  middle 
of  the  century.  He  did  travel  in  many 
countries,  and  brought  back  his  Chinese 
notions,  which  he  carried  out  in  wood- 
work : Chinese  summer-houses  and  garden 
trellises  which  he  had  carved  among  the 
ornament  of  woodwork,  looking-glass  frames, 
&c.  His  treatise  on  ‘‘  Civil  Architecture” 
is  of  value  in  so  far  as  it  is  academic  in 
character.  It  describes  the  details  of  classic 
woodwork  ornamentation— dadoes,  bases,  wall 
divisions,  and  the  different  members  of 
entablatures,  with  sorne  explanation  of  the 
typical  meaning  of  plassic  mouldings.  His 
frets  and  trellises,  of  Chinese  origin,  are 
worth  studying  and  remembering.  There 
are  rooms  in  old  houses  of  150  years  ago 
papered  with  the  admirable  wall  papers  of 
the  China  of  the  days  in  which  these 
borders  of  trellises  and  fretwork  are  etfec- 
tively  employed.  Sir  William  built  the  present 
Somerset  House.  He  found  the  old  rooms, 
part  of  the  dower  house  of  Queen  Henrietta 
Maria,  furnished  completely,  just  as  she  had 
left  them. 

7.  The  last  master  of  internal  woodwork  deco- 
tion  whom  I will  notice  is  Adam,  or,  rather, 
the  two  brothers,  Robert  and  James,  for  they 
seem  to  have  practised  as  partners.  We  are 


assembled  this  evening  in  one  of  their  houses, 
built  over  what  was  once  Durham -yard,  part 
of  the  premises  of  the  Bishop  of  Durham’s 
London  house.  The  Adam  houses  are  all 
round  us  here.  Certain  features  are  observable 
on  their  exteriors — oval  medallions,  pilasters, 
covered  with  rolling  scrolls  in  relief.  Old 
Northumberland-house  at  Charing  Cross,  now 
destroyed,  Sion-house,  several  Portland-place 
houses,  Lansdown-house,  and  others,  are  or 
were  good  illustrations  of  Adam  ornamentation 
in  wood  and  plaster.  His  mouldings  are  deli- 
cate, sharply  cut,  somewhat  wiry  and  dry  and 
cramped  when  compared  with  the  flowing  lines 
of  Wren’s  woodcarving;  still,  not  without  re- 
finement and  distinction.  The  Adams  under- 
took the  entire  direction  of  the  houses  they 
erected,  and  of  the  furniture  suited  to  them. 
This  may  be  seen  in  their  published  views  of 
the  interiors  of  Sion-house,  Derby-house,  and 
others.  They  seem  to  have  employed  Sheraton 
and  his  imitators  largely  for  their  furniture 
designs. 

Here  I will  bring  these  remarks  to  a conclu- 
sion. I have  noticed  what  I call  the  academic 
system  of  architectural  decoration  in  wood  as  in 
stone.  I think  the  rules  which  academic  writers 
have  been  able  to  deduce  are  of  great  value  as 
tests  to  be  resorted  to  as  builders  test  their 
work  by  the  application  of  the  level.  But  rules 
do  not  create  artists.  Artists  who  do  not 
understand  this  : tradesmen  architects,  jerry- 
builders,  who  compose  from  books,  and  are 
confident  that  they  are  right  because  they 
find  things  in  books,  are  often  the  vulgarest 
as  well  as  the  dullest  of  performers.  Real 
artists  from  time  to  time  violate  laws,  but 
know  how  far  they  can  do  so,  not  only  safely, 
but  in  obedience  to  a higher  rule,  an  idea 
born  in  their  own  minds,  which  academic 
rules  impede  rather  than  subserve,  and  which 
owes  its  successful  treatment  to  the  artist’s 
perception  of  what  is  conducive  to  his  object. 
Hence  it  is  that  the  incongruities  discernible 
in  the  mixed  Renaissance  and  Mediaeval  wood- 
work have  often  a more  entirel}^  decorative 
propriety  than  the  cold  and  lifeless  exhibitions 
of  academic  correctness. 

Neither  the  figure  carving  nor  the  scroll 
work  of  these  17th  century  English  caiwers  can 
compare  with  Italian  sculpture,  if  we  refer  it 
to  the  work  of  the  purest  periods,  or  to  that  of 
famous  artists.  But  famous  artists  are  very 
rare  creatures,  and  carvers  who  can  do  no 
more  than  copy  and  attain  neatness  and  a 
smooth  surface,  may  be  in  some  sense  correct, 
but  racy  or  interesting  never. 
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DISCUSSION. 

Mr.  C.  Purdon-Clarke,  C.I.E.,  said  he  had  not 
come  prepared  to  say  anything,  but  was  rather  inspired 
to  do  so  by  Mr.  Pollen’s  paper  and  the  beautiful 
illustrations.  Those  pictures  of  interiors  in  Nash’s 
drawings  showed  how  necessary  it  was  for  the  modern 
designer  to  study  completely  and  attempt  to  emulate 
that  remarkable  period  of  art  in  England.  One  of 
the  remarks  in  the  paper  raising  the  question  whether 
Wren  lost  by  not  going  abroad,  was  almost  met  by 
the  fact  that  it  was  only  the  work  of  the  men  whose 
education  was  almost  entirely  foreign  that  was  cold 
and  lifeless,  but  when  native  talent  came  forward  and 
adapted  the  new  style,  that  we  began  to  get  some- 
thing worth  looking  at.  It  was  perhaps  unfair  to 
compare  Nash’s  artistic  drawings  with  the  other 
illustrations  from  books — simply  geometrical  eleva- 
tions of  Jones’s  and  Wren’s  work.  But  their  stiff, 
classical  interiors,  drawm  in  perspective  were  quite 
wanting  in  the  interest  possessed  by  the  w’^orks  of 
almost  unknown  men  drawn  by  Nash.  There  was 
something  in  the  latter  which  appealed  to  one  in  the 
perfect  freedom  with  which  the  architect  claimed  to 
subordinate  the  details  of  the  style  to  the  requirements 
of  the  house  or  room  he  was  designing.  No  two 
were  exactly  alike.  Take  Speke  Hall  or  Haddon, 
or  the  long  rooms  at  Knole — in  every  case  you  felt 
:hat  the  designer  was  doing  his  best  with  the  artistic 
material,  and  though  you  could  see  by  the  plans  that 
t was  often  tinkering  an  old  building,  he  produced 
a most  beautiful  result,  where  the  more  scholarly 
interiors,  four  square  and  solemn,  gave  the  feeling 
that  it  was  a lifeless  copy  of  some  palatial  building 
or  temple.  Within  the  last  few  years  more  attention 
had  been  paid  to  this  English  renaissance,  and  he 
was  glad  to  say  that  at  South  Kensington  Museum 
they  had  rescued  and  preserved  many  pieces  which 
were  in  danger  of  being  lost.  The  room  at  Sizargh, 
if  it  had  not  been  secured  for  the  Museum  at  what 
was  considered  a very  large  price,  would  have  gone 
to  America  ; a grievous  loss  as  it  was  almost  the  only 
example  of  its  kind  in  England.  They  had  also  a 
room  from  Exeter,  of  which  some  details  had  been 
;hown,  which  was  bought  many  years  ago,  and  was 
low  being  erected  in  the  Museum  where  it  would 
soon  be  on  view. 

Sir  George  Birdwood  said — They  had  to  thank 
Mr.  Hungerford  Pollen  for  a most  instructive  and 
nteresting  paper,  treated  with  the  comprehensiveness, 
thoroughness,  and  ease  which  came  of  the  familiarity 
of  a lifetime  with  its  subject.  One  point  brought  out 
n the  paper,  which  it  was  particularly  desirable  to 
emphasise  at  a time  when  there  was  so  much  ignorant 
and  mischievous  jealousy  of  foreign  competition,  was 
aur  great  indebtedness  to  foreign  influences 
or  the  noble  national  style  of  domestic  archi- 
ecture  and  woodwork  developed  in  this  country 
luring  the  Renaissance.  We  were  under  great 
abligation  to  the  influence  of  foreigners  in  the  initial 


stage  of  nearly  all  our  national  arts,  such  as  painting, 
goldsmiths’  and  silversmiths’  work,  and  jewelry,  and 
the  great  decline  in  the  arts  of  this  country  from 
about  1820,  to  the  adoption  of  Sir  Robert  Peel’s 
policy  of  Free  Trade  in  1846,  is  directly  trace- 
able to  our  isolation  from  the  influence  of 
foreign  precej)t  and  example  during  the  protracted 
period  of  the  great  Napoleonic  wars.  He  cordially 
agreed  with  Mr.  Hungerford  I’ollen’s  opinion  that 
the  details  of  the  internal  decoration  of  a house 
should  be  designed  and  carried  out  by  its  architect. 
He  had  himself  always  advocated  this  course  l>eing 
followed,  and  so  far  as  he  was  able,  hacl  not  allowed 
his  advice  to  remain  a mere  “ counsel  of  perfection.” 
The  effect  w'as  always  good,  as  in  the  case — to  take 
a recent  example — of  the  Imperial  Institute,  where  not 
only  the  panelling  of  the  rooms,  but  the  chimney 
pieces,  and  grates,  and  fenders,  and  fire-irons,  and 
some  of  the  coal-scuttles,  were  all  designed  by  its 
distinguished  architect,  Mr.  Thomas  Collcutt.  But 
the  architect  ought  also  to  be  asked  to  design  the 
principal  chairs  and  tables  of  the  houses  built  by  him, 
and  the  carpets  and  window^  hangings.  Seeing  also 
how  much  Nash’s  illustrations  of  cur  old  country 
houses  were  set  off  by  the  costumes  of  the  people  living 
in  them,  one  could  w ish  that  the  clothes  of  contem- 
porary English  ladies  and  gentlemen  Avere  designed  by 
scholarly  artists,  instead  of  being  left  to  the 
caprices  of  ignorant,  and  often  vulgar,  ‘‘leaders  of 
fashion.”  If  he  might  offer  a criticism,  it  was  to  say 
that  he  was  not  accustomed  to  hear  Inigo  Jones 
spoken  of  as  “Jones.”  It  grated  on  his  ear,  and  he 
w'ould  respectfully  hope  that  in  the  paper  as  published, 
the  name  would  be  printed  Inigo  Jones.  But  he  was 
not  there  to  criticise,  but  simply  to  express  his,  and 
their,  gratitude  to  Mr.  Hungerford  Pollen  for  the 
delightful  paper  wdth  which  he  had  favoured  them. 
No  one  avas  more  esteemed  by  his  old  colleagues  at 
“ South  Kensington  ” for  the  fulness  and  accuracy 
of  his  learning  in  art,  or  more  revered  for  the  graces 
of  his  character,  than  Mr.  John  Hungerford  Pollen. 
A friend  of  the  illustrious  Cardinal  New  man,  he  took 
a leading  part  in  the  artistic  revival  which  rapidly 
followed  on  the  religious  revival  of  a generation  ago 
at  Oxford ; and  much  of  the  beautiful  painting 
at  Merton  College  is  by  his  “ ’prentice  hand.”  In 
recent  years  he  has  been  intimately  associated  Avith 
the  internal  decorations  of  the  Brempton  Orator)'. 
He  is  the  author  also  of  several  of  the  most  valuable 
and  attractive  of  the  handbooks  on  industrial  art 
published  by  the  .Science  and  Art  Department,  and 
the  distinctive  note  of  all  the  Avork  of  his  hamls, 
Avhether  artistic  or  literary,  is  the  impression  they 
convey  of  the  author’s  })rofound  and  vivifying  convic- 
tion of  the  sacramentality  of  art  in  all,  even  the 
humblest,  of  its  applied  departments.  Mr.  Pollen 
always  reminds  him  of  Theophilus,  the  monk,  who  in 
his  book  on  the  industrial  arts  recommends  the  sUidy 
of  them  as  a recompense  of  heavenly  {uaisc  : reiribu- 
tionem  ccelesiis  prennii ; and  asks  those  Avho  may 
find  pleasure  and  profit  from  his  book  to  pray  for 
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the  pity  on  him  of  Almighty  God,  who  knew  that  he 
had  written  the  things  to  be  found  therein  not  for  the 
praise  of  men,  nor  for  any  worldly  gain,  but  for  the 
greater  glory  of  Him,  in  whose  Divine  counsels 
and  genius  every  artist  was  a participator  : consilii 
ingenii que  participium.  The  latter  thought  is  ex- 
pressed in  the  Book  of  Wisdom,  ch.  ix.  8-10: — “A 
temple  upon  the  Holy  Mount,  and  an  altar  in  the  city 
wherein  Thou  dwellest,  in  the  similitude  of  the  Holy 
Tabernacle  which  Thou  hast  prepared  from  the  begin- 
ning, and  Wisdom  was  with  Thee.  Oh  send  Her  out 
of  Thy  Holy  Heaven,  and  from  the  throne  of  Thy 
Glory,  that  being  present,  she  may  labour  with  me.” 
Again,  we  read  in  Exodus,  xxxi.,  2-6,  of  the  master- 
craftsmen  Bezaleel  and  Aholiab  : — “And  I have  filled 
them  with,  the  Spirit  of  God,  in  wisdom,  and  in 
understanding,  and  in  knowledge,  to  devise  cunning 
W'orks  in  gold,  and  in  silver,  and  in  brass,  and  in 
cutting  of  stones  for  setting,  and  in  carving  of  wood 
in  all  manner  of  workmanship.”  This  consecration 
of  Art  is  its  noblest  inspiration  and  glory ; and  every 
artist  so  inspired  exults  in  the  perfection  of  his  w^ork, 
without  taint  of  human  vanity — as  possessed  in  itself 
of  something  of  divineness — after  the  manner  of  the 
builder  of  the  beautiful  chapter  - house  at  York 
Cathedral  in  the  inscription  sculptured  on  its  door- 
way: — “Ut  Rosa  est  Phlos  phlorum  sic  est  Domus 
ista  domorum.”  This  is  the  spirit  in  which  Mr. 
Hungerford  Pollen  has  always  laboured.  You  do 
not  discover  it  from  anything  he  ever  says  about 
himself,  but  it  reveals  itself  in  all  his  work ; and 
the  recognition  of  its  presence  is  what  has  won 
for  him  the  love  and  admiration  of  his  old  asso- 
ciates, and  is  what,  for  me  at  least,  constitutes  the 
highest  charm  of  his  paper  to-night. 

Mr.  I.  Hunter  Donaldson  said  it  was  a great 
consolation  to  know  that  there  were  two  English 
architects  who  prided  themselves  on  never  having 
been  abroad,  and  who  had  produced  very  large,  and 
in  many  respects,  admirable  works ; but  of  course 
the)'^  had  in  their  libraries  all  the  books  which  treated 
on  foreign  woiks  and  had  practically  the  advantages 
derived  from  the  study  of  what  had  gone  before. 
Still,  frcm  his  acquaintarxe  with  foreign  work,  he 
could  not  help  thinking  that  they  had  lost  much  by 
not  seeing  the  actual  buildings  themselves  and  com- 
paring one  with  another.  He  thought  it  must  have 
struck  anyone  -who  had  given  much  thought  to  the 
matter,  how  the  Brothers  Adam  had  managed  to 
permeate  all  England  with  the  feeling  of  love  for  the 
art  they  illustrated.  They  were  particularly  fortunate 
in  ha^ing  such  persons  as  Angelina  Kauffmann 
Flaxman,  and  others  associated  with  them,  but  it 
seemed  almost  unaccountable  how  they  could  have 
managed  to  inspire  educated  English  people  with 
a lo^e  for  the  work  in  which  they  so  greatly  excelled. 
In  that  part  of  London  they  were  particularly  fcrtu- 
nate  in  having  so  many  beautiful  examples  of  their 
work,  and  anyone  who  studied  them  would  feel  that 


they  had  a very  refining  and  valuable  influence.  B 
did  not  think  it  was  possible  to  point  to  any  one  woi 
produced  by  these  men  which  could  be  teimed  ugh 
An  element  of  grace  and  beauty,  a distinction  an 
refinement,  seemed  to  pervade  all  they  produceo 
Turning  to  the  works  which  preceded  them,  he  fe 
how  much  they  owed  to  Mr.  Pollen  for  what  he  ha 
brought  before  them,  and  the  mystery  to  him  wj 
that  in  England,  with  so  many  opportunities  ( 
knowing  what  was  beautiful  and  graceful  in  ornamen 
it  was  possible  for  such  ugliness  to  obtain  in  arch 
tectiire,  and  that  there  were  so  many  structures  sti 
to  be  found  in  London  deteriorating  the  pubiic  tast< 
and  altogether  oflfensive  to  a refined  eye.  In  som 
respects  it  resulted  from  the  want  of  proper  trainin 
of  architects  and  those  interested  in  art  in  thi 
country.  He  did  not  think  the  English  people  felj 
the  importance  to  anything  like  the  same  degree  a: 
the  French  of  knowing  the  details  relating  to  eac 
particular  style.  Take  the  Louis  XVI.,  or  an 
other  style,  you  found  a foreign  workman  or  artis 
associated  with  it  was  a thorough  master  in  a 
particulars  and  detail  relative  to  it.  It  had  bee 
thought  sufficient  in  this  country  that  a man  shoul 
draw  with  more  or  less  facility,  but  they  had  not  bee 
sufficiently  purists,  and  thus  they  had  disfigured  th 
country  with  buildings  and  all  kinds  of  things,  show 
ing  a want  of  haraiony  and  of  the  distinguished  cham 
which  prevailed  in  all  the  work  of  the  Brother 
Adam.  It  was  a matter  of  great  regret  that  sufficien 
attention  was  not  paid  in  schools  of  arts  to  that  purit 
of  style  which  obtained  amongst  the  French.  If  yo- 
spoke  to  a French  manufacturer  engaged  in  the  pro 
duction  of  silver,  brass,  or  woodwork,  you  found  hir 
thoroughly  acquainted  with  all  the  details  of  the  styl 
with  which  he  was  known  to  be  connected.  If  yoi 
went  into  any  particular  room,  you  found  it  was  carrieii 
through  with  one  idea  that  suggested  one  style,  ant 
there  was  a harmony  and  unity  throughout.  Hij 
hoped,  however,  that  in  time  England  would  come  t( 
be  as  distinguished  for  its  adherence  to  unity  in  styL 
as  France. 

Sir  George  Birdwood  said  he  could  not  agre<i 
that  all  the  houses  in  their  neighbourhood,  by  thi 
Brothers  Adam,  were  beautiful.  Their  interiors,  h> 
recognised,  were,  for  the  most  part,  perfect,  but  soiU' 
of  the  exteriors  were  not,  in  his  opinion,  worthy  o) 
these  eminent  architects.  They  were  overloaded  witlj 
decoration — decoration  which  did  not  grow,  organi 
caUy  out  of,  and  merely  emphasize  the  construction 
but  overpowered  and  largely  obliterated  it,  as  if  it  wa; 
but  a peg  on  which  to  hang  the  decoration  ; and,  ii; 
consequence,  the  fronts  of  some  of  the  houses  hi 
Adam-street  present  an  ostentatious  aspect,  to  whicl 
no  familarity  can  reconcile  the  eye. 

Mr.  H.  B.  AVheatley  said  it  had  been  supposecj 
by  some  that  John  of  Padua  and  John  Thorpe  weP: 
the  same  man.  Very  few  particulars  of  their  live  I 
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■were  known,  and  he  would  ask  Mr.  Pollen  for  his 
opinion  on  that  point.  With  regard  to  the  Holbein 
gateway  at  Whitehall,  it  was  built  and  remained  till 
1759  across  the  public  road  close  by  the  Banqueting 
House ; it  had  been  often  depicted  in  topographical 
works.  With  regard  to  the  plaster  decorations  in 
the  work  of  the  Brothers  Adam,  he  thought  it 
should  be  borne  in  mind  that,  though  it  was  exceed- 
ingly  good  for  the  interior,  it  was  often  weak  for  the 
exterior.  These  architects  did  not  seem  to  have 
realised  that  treatment  which  was  suitable  for  the 
inside  of  a house  was  not  suited  for  the  outside.  An 
illustration  might  be  found  in  that  very  room.  The 
ornamentation  of  the  frieze  there  was  very  appro- 
priate, but  the  same  ornamentation  was  used  on  the 
outside  of  some  of  the  Adelphi  houses,  and,  of 
course,  in  a smoky  place  like  London  you  require  the 
1 ornament  outside  to  be  more  prominent  and  not  so 
slightly  raised  on  the  surface  as  w'as  quite  suitable  for 
the  inside  of  a room.  He  hoped,  therefore,  that  the  work 
of  Inigo  Jones  would  be  followed  in  the  future  rather 
than  that  of  the  Adams.  It  was  a great  pity,  seeing 
how  much  Inigo  Jones  did  for  the  architecture  of 
London,  that  his  work  should  be  so  much  neglected. 
There  were  in  Great  Queen-street  two  of  the  finest 
bits  of  street  architecture  in  London;  and  on  the 
west  side  of  Lincoln’s-inn-fields  there  were  a number 
^ of  houses  with  the  original  red  brick  pilasters  which 
he  built.  Unfortunately,  many  of  them  had  been 
plastered  over  and  spoiled,  but  they  still  existed  and 
were  in  the  very  best  style  of  street  architecture.  He 
hoped  that,  in  the  re-bnilding  of  the  streets  of 
London,  the  work  of  Inigo  Jones  would  be  mare 
thought  of.  There  was  no  doubt  that  he  had  more 
influence  in  that  direction  than  Wren.  He  did  not 
think  that  Robert  Adam  did  anything  more  for 
Northumberland-house  than  build  a wing  in  1774.^ 
The  old  house,  called  Suffolk-house,  W'as  never  pulled 
I down,  although  much  was  added  to  it.  The  Strand 
I front,  rebuilt  1748-50,  from  the  designs  of  Daniel 
I Garrett,  was  burnt  down  in  1 780. 

Mr.  Pollen,  in  reply,  said  he  knew  some  people 
supposed  that  the  two  Johns  were  in  fact  the  same 
' man,  but  he  could  not  agree  with  that  view,  because 
I John  of  Padua  \vas  certainly  a musician,  by  all  accounts, 
and  he  did  not  think  John  Thorpe  ever  played  any 
instrument  in  his  life.  With  regard  to  the  Adams, 

I their  houses  were  not  all  set  off  in  the  some  way  with 
I little  medallions  and  ornaments  outside.  Last  year 
I he  had  to  go  to  a large  country  house  near  Stamford, 
j and  he  found  that  everything,  down  to  the  gate-posts 
lat  the  lodge  leading  into  the  park,  were  evidently 
designed  by  Adam  ; he  could  recognise  it  in  a moment. 

' The  house  w'as  a very  plain  simple  building,  with  two 
j "’ings,  and  there  was  nothing  objectionable  about  it. 

I He  thought  the  houses  of  the  Adelphi-terrace  were 
jvery  good  also. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
Mr.  Pollen,  said  they  were  also  much  indebted  to 


Mr.  Purdon  Clarke  for  the  beautiful  manner  in  which 
the  furniture  and  decorations  at  .South  Kensington 
were  exhibited,  and  for  the  facilities  given  to  the 
public  to  understand  what  they  saw’,  by  the  prepara- 
tion of  the  admirable  hand-books  by  Mr.  Pollen  and 
others,  which  formed  very  valuable  books  of  reference. 

The  vote  of  thanks  having  been  passed  unanimously, 

Mr.  Pollen  said  he  was  greatly  indebted  to  .South 
Kensington  for  the  most  interesting  portion  of  his 
paper,  namely  the  slides.  They  were  all  made  for 
him  and  lent  to  him  by  the  Department,  otherwise  he 
should  not  have  been  able  to  get  such  a complete  set. 


NINTH  ORDINARY  MEETING, 

Wednesday,  February  9,  1898  ; Major- 

General  Sir  OwEX  Tudor  Burxe,  G.C.I.E., 
K.C.S.I.,  Chairman  of  the  Council,  in  the 
chair. 

The  following’  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Birkin,  W.  A.  G.,  Villa  Victoria,  The  Park, 
Nottingham. 

Collins,  James  Tertius,  J.P.,  Churchfield,  Edgbaston, 
Birmingham. 

Jardine,  Sir  John,  K.C.I.E.,  34,  Lancaster-gate,  W. 
KennedJ,  James,  15,  Willow’-road,  Hampstead- 
heath,  N.W. 

Lamb,  Edmund  G.,  M.A.,  Old  Lodge,  Salisbury. 
Spargo,  Edmund,  3,  Cable-street,  Liverpool. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Denny,  George  A.,  African  City  Properties  Trust- 
buildings,  Market-street  (Room  26),  Johannesburg, 
South  Africa. 

Parkin,  William,  The  Mount,  Sheffield. 

Robus,  Henry  J.,  Brent-bridge-house,  Hendon,  N.W. 
and  20,  Bucklersbury,  E.C. 

Schunke-Hollway,  Henry  Charles,  Plaisir  de  Merle, 
P.O.  Paarl,  Cape  Colony. 

Scott,  Ernest  Kilburn,  Gartmoor-gardens,  Wimble- 
don-park,  S.W. 

Wackrill,  Alfred  E.,  Sun’eyor-General’s  Office, 
Colombo,  Ceylon. 

The  paper  read  was— 

COMPENSATION  TO  WORKMEN. 

By  a.  D.  Provaxd,  M.P. 

Few  questions  of  such  importance  to  the 
working  classes  have  been  discussed,  and  the 
governing  principles  definitively  settled  in  so 
short  a time,  as  the  liability  of  employers  to 
compensate  their  workmen  for  injuries  sustained 
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in  the  course  of  their  employment.  The  liability 
of  an  employer  was  not  heard  of  until  the  year 
1837.  The  question  is,  therefore,  only  50  years 
old,  and  the  Workmen’s  Compensation  Act 
passed  by  the  House  last  year  marks  the 
beginning  of — and,  indeed,  goes  a long  way 
towards — its  permanent  settlement. 

It  .'will  probably  be  the  most  satisfactory  way 
of  dealing  with  this  question  to  give  a very 
brief  history  of  what  was  done  until  the 
Employers’  Liability  Act  was  passed  in  1880. 
Then  some  account  of  how  that  Act  worked, 
•and  of  what  has  taken  place  in  connection  with 
ithe  various  amending  Bills  that  have  been  dis- 
cussed in  Parliament  down  to  1894,  when  the 
..Liberal  Government  introduced  their  Bill. 

There  is  an  impression  in  the  popular  mind 
■1;hat  the  liability  imposed  by  the  Act  of  1880 
on  employers  was  somehow  a new  and  fresh 
liability  from  which,  until  then,  they  were  free, 
A brief  explanation  will  show  that  this  is  not 
the  case.  An  employer  was  always  liable 
iunder  the  common  law  for  injury  to  a workman 
((but  not  to  executors  in  the  case  of  his  death), 
much  in  the  same  way,  though  not  to  quite  the 
same  extent,  as  he  was  liable  to  any  member 
of  the  public.  In  1837,  this  liability  was  settled 
by  the  judgment  given  in  the  first  case  of  a 
servant  sueing  an  employer  for  compensation, 
namely,  that  of  Priestley  v.  Fowler,  which 
limited  the  employer’s  liability  to  such  acci- 
dents as  were  caused  by  the  employer’s  own 
neglect  or  carelessness,  and  he  was  freed  from 
liability  to  compensate  for  an  accident  caused 
to  a workman  by  the  act  or  negligence  of  any 
fellow  workman  engaged  in  the  same  employ- 
rment,  and  this  constituted  what  is  known  as 
the  doctrine  of  common  employment.”  This 
doctrine,  of  which  we  have  heard  so  much 
lately,  was,  in  fact,  invented  by  the  Judge  at 
that  trial.  The  liability  of  employers  either 
to  their  workmen  or  to  the  public  did  not 
extend  to  the  executors  of  any  person  killed  ; 
that  is  to  say,  a claim  for  compensation  was 
personal,  and  if  an  injured  person  died  the 
claim  died  with  him.  To  remedy  this  Lord 
Campbell  passed  an  Act  in  1846  extending  the 
power  to  the  executors  of  the  deceased,  of 
recovering  compensation  for  the  death  of  any- 
one by  neglect  or  default.  After  this  other 
cases  found  their  way  into  Court,  but  under  the 
common  law  the  difficulties  which  stood  in  the 
way  of  workmen  recovering  anything  proved 
to  be  almost  insurmountable.  Meanwhile  the 
published  statistics  of  the  number  killed  and 
injured  on  railways  and  otherwise  in  the  course 
of  their  employment  brought  the  question 


prominently  before  the  public,  and  caused  the 
House  of  Commons  to  appoint  a Committee  in 
1876  to  consider  the  matter.  This  Commission 
made  certain  recommendations,  but  nothing 
was  done  until  1880,  when  the  Employers’ 
Liability  Act  was  passed,  which  modified 
the  doctrine  of  common  employment  by 
increasing  employers’  liability  to  this  ex- 
tent, that  it  made  them  liable  for  defective 
plant  or  machinery,  for  the  act  or  default  of 
persons  whom  they  had  placed  in  authority 
over  the  workmen,  or  for  a workman’s  com- 
pliance with  regulations  which  led  to  accidents. 
Employers’  liability  is  therefore  not  new  ; they 
have  always  been  liable,  but  while  other 
persons  have  to  sue  for  compensation  under 
the  common  law  or  Lord  Campbell’s  Act,  a 
workman  had  besides  these  special  facilities 
given  to  him  for  this  purpose  by  the  Employers’ 
Liability  Act  of  1880.  This  Act  will  be  the  law 
until  July  i next,  and  remain  so  thereafter  until 
amended  or  repealed  except  in  so  far  as  it  will 
then  be  supplanted  by  the  Workmen’s  Com- 
pensation Act  of  last  year. 

It  may  be  interesting  to  notice  the  several 
different  ways  in  which  a workman  or  his 
representatives  may  now  sue  in  order  to 
recover  compensation  for  injury  or  death.  An 
action  may  be  commenced  under  the  common 
law,  or  the  executors  of  the  deceased  may  sue 
under  Lord  Campbell’s  Act,  or  a suit  may  be 
entered  under  the  Employers’  Liability  Act  of 
1880.  After  July  i next  action  might  still  be 
taken  by  any  of  these  three  methods  or  by 
arbitration  under  the  new  Workmen’s  Com- 
pensation Act  if  the  accident  happened  to  any 
person  coming  within  its  scope.  Of  course  it 
is  almost  unnecessary  to  say  that  each  new 
change  in  the  law  has  improved  the  position 
of  workmen,  and  that  after  July  i next  no 
action  would  be  taken  except  under  the  Work- 
men’s Compensation  Act  or  the  Employers’ 
Liability  Act  so  far  as  the  latter  still  remains 
law. 

The  Act  of  1880. 

The  Employers’  Liability  Act  of  1880  was 
passed  for  seven  years,  and  it  has  been  since 
renewed  annually.  During  the  inteiwening 
years  many  Bills  have  been  brought  before 
Parliament  by  private  Members  and  two  Bills  by 
the  Governments  of  the  day  in  1887  and  1894. 
The  Bill  of  1887  was  defeated  on  a division,  and 
the  Bill  of  1 894  was  withdrawn.  It  may  be  saidi 
that  the  whole  of  the  Bills  which  were  intro-' 
duced  almost  annually  down  to  last  Session 
(preceding  the  introduction  of  the  Workmen’s, 
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Compensation  Bill)  sought  to  carry  out  to  a 
large  extent  the  views  of  the  workmen’s  repre- 
sentatives, and  the  Government  Bill  of  1894 
embodied  nearly  everything  that  the  workmen 
considered  they  required.  The  principal  fea- 
tures in  all  these  Bills,  more  particularly  the 
last  one,  was  that  they  provided  ample  opportu- 
nities for  a workman  to  go  to  law.  One  principal 
difference  between  the  Act  passed  in  1880  and 
the  Bill  discussed  in  Parliament  in  1894  was 
that  the  last-named  offered  more  facilities  for 
the  creation  of  lawsuits  than  the  former.  What 
were  thought  to  be  improvements  in  the  Bill  of 
1894  were  only  theoretically  so,  and  had  it 
passed  they  would  have  been  found  to  be  actual 
practical  drawbacks.  Making  the  compensa- 
tion unlimited,  extending  the  limits  of  time  for 
giving  notice  in  some  cases,  imposing  no 
limit  of  time  at  all  in  others,  and  similar 
changes,  merely  created  facilities  to  be  taken 
advantage  of  by  lawyers.  Such  concessions 
were  illusory  and  would  have  caused  enormous 
sums  to  be  expended  in  legal  expenses,  and 
1 thus  have  proved  a bar  to  workmen  getting 
compensation. 

There  is  nothing  to  me  so  remarkable  as  that 
workmen  should  believe  they  are  likely  to 
obtain  advantages  under  any  system  whatever 
which  admits  of  their  easily  going  to  law. 
They  must  know  even  better  than  others  the 
helpless  position  in  which  a workman  or  his 
relatives  are  usually  placed  as  the  result  of  an 
accident.  Financially  the  employer  is  usually 
, strong,  the  workman  almost  invariably  weak. 

I The  scene  of  the  accident  is  usually  altogether 
: within  the  control  of  the  employer,  and  the 
difficulties  of  workmen  obtaining  evidence 
either  through  fellow-workmen  or  otherwise 
are  so  great  that  it  is  not  to  be  wondered 
at  that  they  should  have  failed  so  often 
in  making  out  their  cases  in  Court.  But 
it  is  remarkable  that  their  leaders  should, 
with  something  like  unanimity,  have  advocated 
an  Employers’  Liability  Bill  of  a character 
which  could  never  have  led  to  anything  what- 
ever except  more  lawsuits  than  had  already 
I taken  place  under  the  Act  of  1880,  with  con- 
sequences more  injurious  to  employers  and 
j more  disastrous  to  the  interests  of  workmen. 

* The  Two  Ways  of  Dealing  avith  the 
Question. 

I After  considering  what  has  been  done  in 
jregard  to  the  question,  it  becomes  plain  that 
there  have  been  two  distinct  and  different 
.policies  as  to  how  compensation  for  accidents 
[should  be  legislated  for.  The  general  opinion 
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of  workmen,  so  far  as  their  views  have  been 
expressed  by  the  officials  of  trade  unions,  has 
been  against  any  law  such  as  the  Workmen’s 
Compensation  Act  of  last  year.  I am  unaware 
of  any  workmen’s  representative  having  made 
a statement  in  favour  of  such  a law  before  that 
Bill  was  introduced  in  Parliament.  The  other 
policy  has  been  confined,  I might  say,  to 
students  of  the  question  w'ho  have  been  giving 
their  attention  to  the  nature  and  causes  of  acci- 
dents, to  the  question  of  responsibility,  and  to 
the  best  methods  of  preA^enting  them,  and  also 
of  ensuring  compensation  to  those  injured  or  to 
the  relatives  of  those  killed.  Their  conclusions 
were  that  until  employers  were  made  liable 
for  all  accidents,  and  the  compensation  was 
secured  to  the  injured  workmen  or  the  repre- 
sentatives of  anyone  killed,  the  question  could 
not  be  finally  settled.  To  effect  this  as  fully 
as  possible,  lawsuits  must  be  got  rid  of  and 
some  plan  of  ensuring  the  payment  of  the  com- 
pensation adopted.  The  Workmen’s  Com- 
pensation Act  passed  last  year  largely  meets 
the  wishes  of  those  who  hold  these  views. 

The  opinions  of  those  who  advocated  the 
two  different  policies  were  therefore,  on  some 
points,  opposed  to  each  other;  and  while  the 
trades  union  representatives  have  held  to  their 
views,  it  has  been  plain  to  those — whom  I may 
call  the  students  of  this  question,  from  the 
discussions  which  have  taken  place — that  their 
policy  could  not  be  successful,  and  that  even, 
although  the  law  might  be  amended  in  the 
direction  they  desired,  it  Avould  only  remain  so 
temporarily,  for  the  reason  that  such  a laAv 
could  not  be  satisfactory  or  final.  This 
becomes  clear  when  we  consider  the  grounds 
on  which  they  based  their  conclusions  as  to 
what  an  Employers’  Liability  Act  should  pro- 
vide for. 

Workmen  were  of  the  opinion  that  employers 
could  be  made  liable  for  a very  large  propor- 
tion of  accidents,  and  that  large  sums  could 
be  recovered  by  going  into  Court.  There  Avas 
also  what  I might  call  a supplementary 
opinion,  to  the  effect  that  an  Employers’ 
Liability  Bill  should  be  a Bill  to  prevent 
accidents.  I shall  briefly  examine  these  three 
reasons. 

In  1888  a statement  was  prepared  by  the 
German  Government  showing  the  causes  of 
the  accidents  by  which  15,976  persons  were 
either  killed  or  disabled  for  more  than  three 
months,  and  the  causes  assigned  were  as 
follows: — In  each  100  cases  there  were  attri- 
buted to  employers  abut  20,  to  workmen  about 
25,  to  both  and  to  fellow  workmen  about  8, 
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and  to  all  other  causes  about  47.  According 
to  the  foregoing,  there  was  only  one  accident 
in  five  for  which  the  employer  would  have  been 
held  liable  under  our  law  of  1880.  Those  who 
manage  the  accident  fund  of  the  London  and 
North-Western  Railway  say  that  less  than  one 
accident  in  ten  which  occurs  would  fall  on  the 
company  under  the  law,  and  this  is  probably 
fairly  correct  in  regard  to  all  railways.  At 
Tangye’s  engineering  works,  in  Birmingham, 
they  have  had  an  accident  fund  for  many 
years,  the  whole  of  which  is  provided  by  the 
firm  without  any  contribution  from  the  men. 
According  to  the  chairman  of  the  company, 
the  compensation  for  which  they  would  have 
been  liable  under  the  Act  would  have  been  less 
than  5 per  cent,  of  what  they  voluntarily  paid. 
The  South  Metropolitan  Gas  Company,  which 
employs  3,600  men,  have  all  accidents  inquired 
into  by  a jury  of  12  workmen,  and  they  found 
they  had  very  few  accidents  for  which  the 
Company  would  have  been  liable  under  the 
law.  At  the  Elswick  Works,  at  Newcastle,  a 
fund  is  managed  by  a committee,  two-thirds  of 
whom  are  workmen,  and  their  experience  is 
that  the  employers  would  have'  been  legally 
responsible  for  one  in  twenty  of  the  accidents 
which  occurred.  These  are,  of  course,  only 
estimates,  but  there  are  some  statistics  re- 
garding mines  which  bear  on  this  point.  In 
the  report  for  1896  of  the  Chief  Inspector  of 
Mines  the  number  of  prosecutions  are  given 
under  the  Mines  Act  against  owners  and 
managers  and  workmen  employed  in  mines 
and  quarries.  The  number  of  convictions 
against  owners  and  managers  for  1896  was 
70.  The  number  of  convictions  of  workmen 
was  469.  But  these  figures  do  not  show  the 
relative  importance,  because  the  offences  of 
the  owners  and  managers  were  chiefly  tech- 
nical. Their  convictions  were  5 in  connec- 
tion with  safety  lamps  and  explosives,  whereas 
the  convictions  of  the  workmen  in  connection 
with  safety  lamps,  explosives,  and  smoking 
were  227.  The  probability  of  accidents  arising 
was,  therefore,  enormously  greater  by  the 
action  of  workmen  than  of  employers. 
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18,348 
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36,668 
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20  14 

Workmen  are  also  mistaken  in  supposing 
they  could  recover  large  amounts  through  the 
Courts.  There  have  been  regular  Parlia- 
mentaiy  Returns  furnished  from  1881  to  1896, 
giving  the  results  of  the  actions  tried  under 
the  Act  of  1880,  and  the  preceding  is  a sum- 
mary of  the  total  results  of  the  16  years. 

The  above  Table  shows  that  of  the  sums 
claimed  in  England  26-69  cent,  was 

recovered;  in  Ireland  17-30  per  cent.,  and  in 
Scotland  only  3-74  per  cent.  The  Parliamen- 
tary Committee  of  1886  reported  that  juries 
were  sympathetic  to  workmen,  and  were  dis- 
inclined to  pay  attention  to  the  evidence  of 
employers  who  were  the  defendants.  Notwith- 
standing this,  the  above  results  show  that  the 
difficulties  of  recovery  under  the  law  were  too> 
great  to  be  overcome,  or  that  workmen  sued 
for  amounts  for  which  they  had  no  reasonable 
ground  of  action.  This  they  do  not  admit,  nor 
have  they  admitted  that  any  large  amounts 
were  received  by  private  settlement,  although 
no  doubt  this  was  the  case,  as  many  actions 
would  be  entered  and  withdrawn  on  terms,  but 
so  far  as  is  shown  by  the  Parliamentary 
Returns  of  the  cases  that  were  tried  the  result 
could  not  have  been  profitable  to  the  workmen, 
as  the  total  amounts  recovered  would  probably 
not  on  the  average  be  sufficient  to  meet  the 
expenses  incurred.  Workmen  are  therefore 
labouring  under  a delusion  in  supposing  that 
any  large  sums  could  be  recovered  in  actions 
against  employers. 

Regarding  what  I have  called  the  supple- 
mentary opinion,  held  by  workmen,  namely, 
that  an  Employers’  Liability  Bill  should 
be  a Bill  to  prevent  accidents,  I am  sure 
this  is  largely  impossible.  A Bill  of  the 
kind  can  only  operate  as  a preventive  to 
accidents  from  the  liability  to  pay  being  a 
deterrent  on  the  employer  and  compelling  him 
to  be  careful  in  order  to  make  his  payments  as 
small  as  possible.  Beyond  this  it  cannot 
operate  to  prevent  accidents,  but  so  far  as  this 
is  possible  an  Act  making  it  obligatory  on 
employers  to  pay  for  all  accidents  would  of 
course  make  it  more  likely  that  accidents 
would  be  prevented.  But  an  Act  of  this  kind, 
as  I have  said,  was  never  asked  for  by  any 
Trades  Union  or  representative  workman 
before  the  Compensation  Bill  of  last  year 
was  introduced.  Their  idea  of  a Bill  was  one 
full  of  clauses  under  which  they  could  take 
employers  into  Court.  The  prevention  of  acci- 
dents can  only  be  adequately  provided  for  by 
Acts  passed  expressly  for  that  purpose.  The 
Mines  Regulation  Act,  the  Factory  and  Work- 
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shops  Acts,  and  many  others  are  in  part  ex' 
pressly  designed  for  this  purpose,  and  it  would 
be  as  reasonable  to  speak  of  making  them  into 
Compensation  Acts  as  to  speak  of  a Liability 
Act  being  made  into  one  for  the  prevention  of 
accidents. 

I have  now  briefly  stated  the  origin  of 
employers’  liability  ; of  the  two  entirely 
distinct  policies  for  dealing  with  it  held  by 
Avorkmen  and  by  others,  and  the  grounds  on 
j which  their  views  are  based.  I have  also 
I touched  upon  the  various  steps  and  proceed- 
ings that  have  taken  place  down  to  the  intro- 
iduction  of  the  Workmen’s  Compensation  Act 
I of  last  Session,  and  this  I shall  now  deal  with. 

The  New  Act. 

The  Workmen’s  Compensation  Act  of  last 
1 Session  is  a fresh  departure  in  legislation,  and 
I is  in  furtherance  of  the  policy  of  making  em- 
I ployers  liable  for  all  accidents,  and  while  the 
1 Act  has  certain  limitations  and  is  incomplete, 
it  is  nevertheless  a movement  in  the  right 
direction.  We  are  now  at  least  on  the  way  to 
finally  settle  a question  which  has  a direct 
bearing  upon  the  conditions  of  labour  as  affect- 
ing all  those  who  are  employed  by  others,  the 
I number  of  these  being  about  13,000,000  to 
; 14,000,000. 

The  new  Act  only  applies  to  what  are  called 
I dangerous  trades  (excepting  that  of  seamen,' 
the  most  dangerous  of  all),  and  these  include 
about  6,000,000  workers,  but  it  will  no  doubt 
I cover  a very  large  proportion  of  all  the  acci- 
I dents  which  occur.  As  soon  as  the  present 
' Act  is  fairly  working  there  will  no  doubt  be  an 
amending  Act  passed  to  include  all  the  workers 
who  do  not  come  within  its  scope.  The  effect 
of  the  Act  will  in  my  opinion  be  more  far- 
reaching  than  is  generally  expected. 

During  the  discussions  on  this  question  we 
have  become  familiar  Avith  the  doctrines  of 
common  employment,  of  contributory  negli- 
gence by  workmen,  and  of  contracting  out. 
Under  the  new  Act  the  doctrine  of  common 
employment  is  abolished  and  contributory 
i negligence  can  only  be  pleaded  in  a case 
where  the  injury  to  a workman  is  attributable 
to  his  own  serious  and  wilful  misconduct.  Such 
leases  will  be  very  rare  indeed  because  no 
■ amount  of  ordinary  negligence  can  be  con- 
sidered as  wilful  misconduct.  We  have  there- 
|fore  substantially  got  quit  of  the  pleas  of  com- 
!mon  employment  and  of  contributory  negli* 
igence.  On  the  other  hand  we  shall  likely  hear 
more  than  ever  about  contracting  out.  It  will 
probably  be  adopted  to  a much  larger  extent 


than  heretofore,  as  the  Act  is  framed  so  as  to» 
assist  in  this  being  done. 

I have  already  spoken  as  to  the  views  held 
by  workmen’s  representatives,  and  I may  adef 
that  they  are  also  strongly  against  contracting 
out,  as  well  as  against  the  insurance  of  work- 
men’s compensation.  Many  of  them  have  ex- 
pressed the  opinion  that  if  the  insurance  of  com- 
pensation risks  is  permitted  it  will  make  the 
employers  careless.  Workmen  are  mistaken 
in  thinking  that  insurance  works  in  this  way. 
Experience  proves  that  in  every  department 
Avhere  insurance  is  practicable  it  increases  in- 
stead of  w'eakening  the  responsibility  of  the 
person  who  insures  ; and  examples  of  this  can 
be  given.  Houses  are,  to-day,  far  better  and 
more  safely  built  as  against  the  risk  of  fire 
than  they  were  form.erly,  and  they  are  so 
because  owners  are  compelled  to  build  under 
certain  precautionary  rules  in  order  that  in- 
surance on  the  building  and  its  contents  may 
be  effected.  They  have  no  choice  in  this 
because  tenants  will  only  rent  premises  which 
are  not  only  insurable  but  are  so  on  reasonable 
terms.  The  same  is  true  in  reference  to  ships. 
These  are  now  built  much  safer  and  much 
better  than  formerly,  in  order  to  Avithstand  the 
stress  of  storms.  Here,  again,  the  insurers  ha\'e 
stepped  in  and  said  you  must  build  ships  accord- 
ing to  our  rules,  so  as  to  ensure  greater  endur- 
ance and  stability,  and  the  owner  must  comply 
because  no  one  will  put  cargo  into  a ship  that 
is  not  insurable.  Neither  the  house  OAvner  nor 
the  ship  owner  has  any  option  in  the  matter. 
They  must  build  in  accordance  with  the  under- 
writers rules,  otherAvise  they  could  neither  get 
a tenant  nor  cargo.  This  result  will  also  folloAv 
in  reference  to  the  insurance  of  compensation. 
There  are  many  employers  Avho  might  be  in- 
clined to  leave  the  risk  of  accident  to  chance, 
and  if  so,  there  are  at  least  some  that  would 
be  unable  to  pay  compensation  if  they  be- 
come liable.  It  is,  therefore,  clearly  the  interest 
of  workmen  that  their  compensation  should  be 
certain.  To  have  this  insured  Avill  create 
another  interest  that  Avill  protect  it,  that  is  to 
say,  those  who  take  the  risk  Avill  see  that  the 
conditions  under  which  the  risk  Avas  taken  are 
maintained.  Those  Avho  are  under  the  im- 
pression that  employers  will  be  permitted  to 
become  careless,  and  Avill  alloAV  their  machinery 
and  plant  to  run  down,  do  not  understand  hoAv 
insurance  is  carried  out.  The  insurers  Avill  see 
that  this  is  not  done,  and  if  there  is  any  inten- 
tional or  negligent  adverse  change  of  condi- 
tions, the  policy  might  be  cancelled.  Insur- 
ance would  become  impossible  if  those  who 
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insured  were  allowed  to  alter  the  character  of 
the  risk  at  their  pleasure. 

It  is  difficult  to  account  for  the  objection  of 
workmen  to  insurance,  as  it  is  indisputable  that 
unless  the  compensation  is  insured,  they  will  in 
many  cases  be  unable  to  obtain  it.  Apart  from 
the  fact  that  there  are  thousands  of  small 
employers  whom  an  accident  involving  the  life 
of  a single  man  would  make  bankrupt,  there 
are  other  and  far  more  serious  risks  connected 
with  mining  which  may  yet  cause  the  Act  to  be 
amended  so  as  to  make  insurance  compulsory. 
Between  i860  and  1894  there  were  31  accidents 
in  mines,  each  of  which  cost  an  average  of  135 
lives,  the  total  being  about  4,100.  One  of  the 
last  of  these  was  that  which  occurred  in  1894 
at  the  Albion  pit,  in  Wales,  in  which  the  lives 
lost  were  about  400.  In  some  such  cases  the 
mine  owners  may  be  rich  enough  to  meet  the 
compensation  due  on  a large  number  of  lives, 
but  in  many  of  them  it  is  certain  they  could  not 
do  so.  It,  unfortunately,  usually  happens  in 
such  cases  that  everyone  who  might  be  able  to 
say  how  the  accident  happened  perished  in  it. 
In  all  these  instances  no  compensation  was 
paid  by  the  employers,  as  it  was  impossible 
to  prove  they  were  liable.  But  this  A^ill 
not  be  the  case  under  the  new  Act,  the  owner 
will  be  liable  whatever  may  be  the  cause  of  the 
accident.  Therefore,  any  miner— employed, 
as  he  may  be,  with  hundreds  of  others — who 
does  not  see  that  insurance  is  in  some  way  pro- 
vided to  meet  the  cost  of  a big  accident,  is 
deliberately  sacrificing  the  protection  which 
the  law  has  provided  for  himself  and  his  depen- 
dents, as  it  is  certain  that  in  many  cases  no 
compensation  could  be  paid  by  the  employer 
unless  it  was  covered  by  insurance.  On  the 
other  hand,  if  the  risk  has  been  covered,  the 
compensation  will  be  a first  charge  upon  the 
sum  due  from  the  insurers,  and  it  will  be  paid 
to  the  workmen,  although  the  owners  of  the 
property  may  become  bankrupt.  In  the  face 
of  such  calamities  as  have  happened — and  will, 
in  all  human  probability,  happen  again — it  is 
inconceivable  that  the  advisers  of  workmen 
should  recommend  them  against  having  the 
risk  insured,  as  this  is  the  only  way  in  which 
compensation  can  be  made  a certainty. 

Insuring  Compensation  for  Accidents. 

In  the  belief  that  insurance  of  compensation 
risks  must  in  some  way  be  effected,  I come  to 
consider  how  this  may  be  done.  There  are 
many  insurance  companies  which  take  acci- 
dent risks,  but  I cannot  think  that  those  created 
by  the  Workmen’s  Compensation  Act  can 
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possibly  be  to  any  great  extent  given  to  these.  | 
The  working  expenses  of  accident  offices  are  ‘ 
seldom  less  than  40  per  cent,  of  the  premiums  j 
paid.  This  fact  should  make  it  unlikely  that  1 
much  business  can  go  to  them  because  in-  j 
surance  by  co-operative  organisations  could  be 
managed  at  a small  outlay  compared  with  this.  1 
The  expenses  are  chiefly  travelling,  canvassing,  ■ 
agency,  and  advertisements.  No  advertise- 
ments or  canvassing  and  very  little  travelling 
or  agency  would  be  necessary  in  the  working 
of  mutual  insurance  schemes.  Nor  would  they 
require  large  capital  involving  profits  to  share- 
holders, and  they  could  therefore  be  carried  on 
for  a mere  trifle  compared  with  that  of  a com- 
pany. Probably  4 or  5 per  cent,  of  the  total 
premiums  would  cover  the  costs  of  manage- 
ment. Now  how  is  co-operative  insurance 
likely  to  be  done  ? 

There  are  large  classes  of  workmen  who  will 
be  brought  under  the  Workmen’s  Compensation 
Act.  For  example,  the  railway  companies 
employ  amongst  them  nearly  500,000  men,  and 
if  they  were  to  join  in  one  mutual  scheme,  the 
compensation  risks  could  be  covered  and  met 
by  a relatively  small  premium.  But  it  is  not  even 
necessary  that  all  the  railway  companies  should 
join,  because  each  of  the  leading  companies 
could  easily  form  for  itself  a sufficiently  strong 
association  amongst  its  employes  which  would 
work  equitably,  smoothly,  and  economically  in 
guaranteeing  accident  compensation.  This 
might  probably  be  the  best  way  to  carry 
out  the  work.  Miners  furnish  another  illus- 
tration. These  have  nine  societies,  who  work 
through  a central  association  at  Wigan,  for 
dealing  with  distress  caused  by  mining  acci- 
dents. These  societies  were  established 
between  1863  and  1889,  and  according  to  the 
report  of  the  i6th  annual  conference,  which 
contains  the  latest  figures  I can  procure,  they 
had  in  1895  a membership  of  317,000,  a revenue 
of  ;i^294,333,  of  which  members  subscribed 
;^234,498,  and  colliery  owners  ;^32,86;,  and 
their  accumulated  funds  amounted  to 
The  new  Act  will,  however,  relieve  a large 
proportion  of  the  members’  contributions, . 
namely,  ;^234,498,  as  the  mine  owners  will 
now  have  to  bear  the  compensation  for  i 
accidents.  These  societies  are  endeavouring  to 
come  to  some  arrangement  to  continue  in 
existence,  and  everyone  who  is  favourable  to 
co-operation  amongst  workmen  must  desire, 
that  this  should  be  done.  Their  experience! 
will  show  exactly  what  compensation  will  cost; 
mine  owners  under  the  new  Act,  and  a mutual 
insurance  scheme,  covering  compensation  to| 
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ill  miners,  could  be  carried  out  cheaply  and 
efficiently.  There  are  about  730,000  workmen 
employed  in  and  about  our  coal,  iron,  and 
Dther  mines,  and  about  115,000  employed  in 
quarries.  There  are  other  trades  employing 
large  numbers  of  men  who  could  join  together 
with  the  same  object  as  the  railway  companies 
and  mine  owners  for  the  purpose  of  insuring 
compensation,  but  these  two  will  serve  as 
examples  to  show  how  this  might  be  best 
effected. 

The  Act  is  intentionally  framed  to  encourage 
contracting  out,  subject  to  certain  conditions. 
These  are  stated  in  Clause  3,  and  appear  to  be 
so  full  and  so  favourable  to  workmen  that  it  is 
unlikely  they  could  place  themselves  outside 
itheActby  any  compromise  scheme  covering 
all  contingencies  which  would  prejudice  their 
position  ; indeed,  if  any  scheme  did  so  the  Act 
provides  for  its  being  terminated.  Therefore, 
a scheme  certified  by  the  chief  registrar  of 
friendly  societies,  and  approved  by  the  work- 
|men  themselves,  by  ballot  if  necessary,  in 
'terms  of  Clause  3,  must  be  taken  as  fairly 
jcertain  to  improve  their  position  or  it  would 
mot  be  accepted. 

I A drawback  to  the  Act  of  1880,  and  to  all 
iBills  brought  forward  previous  to  the  Work- 
men’s Compensation  Act,  was  that  the  facilities 
for  going  to  law  were  so  numerous,  and  were 
taken  advantage  of  to  such  an  extent,  that  a 
large  part  of  the  amounts  paid  by  the  em- 
ployers was  intercepted  by  lawyers  and  did 
not  reach  the  workmen  as  compensation.  The 
Workmen’s  Compensation  Act  is  not  free  from 
such  risks,  as  there  are  many  points  which 
may  have  to  be  decided  by  an  afbitrator ; 
indeed,  one  accident  might  involve  more  than 
one  arbitration,  and  it  is  clear  that  the  opera- 
tion of  the  Act  will  entail  some  friction,  delay, 
iand  also  expense,  but  whatever  these  risks 
jmay  be,  would  be  avoided  under  a scheme  of 
jarrangement  between  employers  and  workmen 
I which  worked  automatically  without  delay  and 
at  a trifling  expense.  It  is,  therefore,  highly 
probable  that  there  will  be  contracting  out  at 
least  in  those  occupations  employing  large 
Inumbers  who  can  conveniently  co-operate.  On 
one  hand  you  have  the  isolated  position  of 
each  workman,  on  the  other  the  advantages  of 
combination.  When  an  accident  occurs  you 
I have  possible  trouble,  delay,  and  expense  ; and, 
even  assuming  that  the  compensation  is  usually 
recovered  promptly,  there  would  nevertheless 
be  failure  in  some  cases,  and  men  emplo}'ed 
in  some  occupations— miners,  for  example — 
would  at  all  times  be  harassed  with  doubt 


that  their  compensation  might  not  be  forth- 
comings. This  difficulty  could  of  course  be 
met  in  another  way,  namely,  by  a national 
system  of  insurance  managed  by  a Government 
department ; and  it  is  certain  that  if  workmen 
generally  do  not  come  to  terms  with  employers 
so  as  to  secure  their  compensation,  and  if 
there  were  any  serious  instances  of  it  being 
unpaid  there  would  at  once  be  an  active 
agitation  in  favour  of  a Government  depart- 
ment undertaking  the  business.  This,  how- 
ever, will  not  be  until  after  the  working  of  the 
Act  has  been  tested  both  by  those  who  remain 
within  its  provisions  and  also  by  those  who 
contract  out  of  them.  No  such  scheme  can, 
according  to  the  Act,  have  anything  to  do  with 
the  condition  of  a workman’s  hiring,  nor  will  it 
be  necessary  that  every  workman  in  the  same 
employment  should  join.  Some  may  prefer 
to  stay  out  and  take  their  chance  under  the 
Act,  but  it  is  not  unlikely  that  workmen  will 
be  favourably  inclined  towards  arrangements 
under  which  there  would  be  no  questions  to 
adjudicate,  consequently  no  arbitrations  besides 
having  their  compensation  guaranteed. 

General  Funds. 

While  employers  m.ay  insure  their  liability  to 
compensate  for  accidents  without  making  any 
previous  arrangements  with  their  workmen 
there  is  another  class  of  funds  which  it  may 
be  desirable  to  create,  but  which  cannot  be 
formed  unless  the  workmen  contract  out,  and 
it  is  likely  that  a number  of  such  funds  will 
arise  out  of  the  operation  of  the  Workmen’s 
Compensation  Act.  There  are  many  funds 
connected  with  public  works  and  different 
occupations  made  up  by  the  joint  contributions 
of  employers  and  employed.  Like  the  Miners’ 
Permanent  Benefit  Societies,  these  funds  were 
chiefly  used  for  payments  of  compensation  for 
accidents,  but  some  of  them  also  provided  for 
sick  pay  and  other  allowances.  The  new  Act 
will  relieve  all  such  funds  from  payments  on 
account  of  future  accidents,  but  there  are  some 
of  them  liable  to  payments  on  account  of  past 
accidents.  For  example,  the  Miners’  Provi- 
dent Association  provides  for  3,108  widows, 
and  4,332  orphans  who  have  been  made 
so  by  previous  accidents.  But  besides  the 
necessit}-  of  such  funds  being  maintained 
in  order  to  provide  for  liability  already 
incurred  there  is  a great  deal  of  other  work 
which  may  be  undertaken  by  them.  Under 
the  Workmen’s  Compensation  Act  the  loss  by 
accidents  which  do  not  invalid  workmen  for 
more  than  a fortnight  will  have  to  be  met  by 
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themselves.  There  will  also  be  sick  allow- 
ances unconnected  with  accidents,  allowances 
for  out  of  work,  for  incapacity,  and  for  old  age. 
It  is  therefore  probable  that  having  regard  to 
the  obligations  undertaken  by  many  of  these 
funds  which  will  necessitate  their  maintenance, 
employers  and  employed  will  come  to  terms 
under  the  new  Act,  and  mutually  contribute  on 
an  agreed  scale  to  meet  all  these  liabilities  as 
well  as  accident  compensation  out  of  one 
general  fund.  Such  a scheme  could  be  easily 
carried  out  by  any  large  railway  company  or 
by  the  Miners’  Provident  Association,  and  the 
employes  of  the  railways,  mines,  and  quar- 
ries aggregate  more  than  1,300,000.  Similar 
funds  could  be  formed  by  different  workshops 
engag-ed  in  the  same  or  a similar  business. 
For  example,  the  shipbuilding  yards  might 
combine  in  a scheme  of  the  kind,  and  although 
the  difficulties  of  organisation  would  no  doubt 
at  first  be  greater  than  with  miners  and 
railwaymen,  who  have  already  had  much 
experience,  this  does  not  represent  any  real 
difficulty.  The  new  Act  will  include  in  the 
occupations  covered  by  it  about  6,000,000 
workers,  and  it  is  already  known  that  some, 
and  probably  a considerable  number  of  them, 
will,  as  soon  as  the  Act  comes  into  operation, 
form  joint  general  funds  with  their  employers. 
Therefore,  out  of  this  Act  there  will  arise  a 
number  of  co-operative  schemes  for  dealing 
not  only  with  accidents,  illness,  and  old  age 
pensions,  but  perhaps  also  with  want  of  work. 
The  management  of  such  funds  would  be  to  a 
very  large  extent  within  the  control  of  the 
workmen  themselves,  and  this  fact  makes  it 
more  likely  that  employers  and  employed  will 
combine  to  create  them.  The  effect  of  the 
Act  will  reach  further  than  was  generally 
believed  likely  when  it  was  introduced,  and  I 
look  upon  it  as  certain  in  many  occupations  to 
lead  to  more  harmonious  working  between 
employers  and  employed.  To  the  great  ma- 
jority of  workmen  the  power  of  making  bene- 
ficial permanent  economic  arrangements  to 
meet  the  vicissitudes  to  which  they  are  liable, 
now  made  possible  by  the  Workmen’s  Com- 
pensation Act  will  no  doubt  be  taken  full 
advantage  of. 

The  Cost  of  Compensation. 

Much  of  the  severe  language  which  has 
sometimes  been  employed  in  the  discussion  of 
this  question  has,  I think,  arisen  from  the 
personal  application  which  has  been  given  to 
it  by  the  use  of  the  words,  “ Employers’ 
liability.”  It  is  certain  the  employer  has  to 


pay,  but  the  liability  really  belongs  to  the' 
work  carried  out,  and,  therefore,  we  should 
call  it  “ Employment  liability.”  In  doing  so, 
we  not  only  get  rid  of  the  personal  reference, ; 
but  we  state  the  fact,  because  the  amount  paid 
as  compensation  for  accidents  is  an  outlay  on 
the  business  the  same  as  rent  and  wages,  and, 
therefore,  forms  part  of  the  cost  of  carrying  out 
the  work.  This  also  conveys  to  the  mind  the 
fact  that  the  liability  varies  in  different  cases. 
In  some  employments  it  is  almost  nominal, 
while  in  others  it  may  amount  to  a consider- 
able sum.  In  speaking  of  the  amount  which 
accident  compensation  will  add  to  the  cost  of 
production,  I believe  it  is  usually  exagger- 
ated. Some  years  ago  I made  calculations 
extending  over  all  occupations,  and  my  con- 
clusions were  that  the  total  liability  per  annum 
would  not  exceed  one  half  per  cent,  of  the 
total  wages  paid  ; that  is  to  say,  taking  all 
occupations  into  account.  This  would  mean 
a total  annual  outlay  of  about  ^3,000,000 
sterling.  But  as  the  proportion  of  accidents  to 
the  numbers  employed,  and  consequently  to 
the  amounts  paid  in  wages,  is  decreasing,  the 
compensation  will  become  a relatively  smaller 
percentage  on  our  trade.  Another  point  to  be 
considered  is  that  this  will  not  be  a fresh  out- 
lay ; it  has  always  had  to  be  met  by  the 
lessened  expenses  of  the  workmen  themselves 
in  other  ways  or  by  the  assistance  of  relatives, 
or  by  accident  societies,  or  in  the  case  of  large 
mining  accidents  by  public  subscriptions  and  in 
extreme  cases  by  the  community  itself,  through 
the  rates.  It  is  therefore  not  a new  liability  placed 
upon  our  trade.  In  some  occupations  the  cost  of 
compensafion  can  be  calculated  with  reason- 
able certainty  either  upon  the  wages  paid  or 
upon  the  cost  of  the  work  done  or  articles  manu- 
factured. For  example,  railway  companies 
have  kept  such  full  statistics  for  so  many  years 
that  they  already  know  what  their  accident 
compensation  will  amount  to  under  the  new 


Act.  There  was  much  discussion  as  to  what 
compensation  would  cost  mine  owners,  but  the 
calculation  is  really  a simple  one.  The  num- 
ber of  fatalities  amongst  coal  miners  in  1896 
was  1,007,  and  estimating  that  for  three  years 
their  wages  would  amount  to  £200  each,  this 
would  make  the  compensation  £201,^00.  Now, 
the  coals  raised  last  year  were  195,000,000 
tons,  and  one  farthing  per  ton  would  provide 
;^203,i25.  But  there  would  still  be  the  in-; 
juries  to  deal  with  and  assuming  that  they' 
would  cost  as  much  as  the  fatal  cases  we  have 
only  a total  charge  of  one  halfpenny  per  ton  on  ^ 
the  coal  raised  to  meet  the  mine  owners’  liabi- 
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lity  under  the  Workmen’s  Compensation  Act, 
a sum  which  is  certainly  far  too  small  either  to 
atfect  private  consumers  or  manufacturing- 
interests. 

Relative  Risks  of  Different 
Occupations. 

Mining-  is  undoubtedly  the  most  dangerous 
of  all  occupations  on  land,  but  the  fatalities  to 
sailors  are  far  more  numerous,  and,  indeed,  I 
doubt  if  anyone  who  has  not  gone  into  the 
figures  has  any  idea  how  fatal  is  the  occupa- 
tion of  a sailor.  In  sailing  vessels  the  annual 
fatalities  equal  i in  every  78  employed.  In 
steamers  they  are  only  i in  207.  The 
fatalities  in  steamers  are,  therefore,  only  a 
little  more  than  one-third  of  what  they  are  in 
sailing  ships.  The  average  fatalities,  taking 
sail  and  steam  together,  are  i in  147.  In 
recent  years  a diminution  has  taken  place  in 
the  total  fatalities  at  sea,  chiefly  brought  about 
by  the  substitution  of  steam  for  sails,  and  they 
are  so  numerous  in  sailing  vessels,  that  it  makes 
us  desire  that  the  change  should  continue  until 
there  were  no  longer  any  sailing  vessels  at  all. 
This,  I fear,  is  too  much  to  hope  for,  but  the 
appalling  character  of  these  figures  strikes  us 
when  we  compare  them  with  the  number  of 
fatal  accidents  in  mines,  as  mining  is  known  to 
be  a most  dangerous  occupation.  In  1896,  the 
fatalities  to  miners  were  i in  682  employed. 
The  average  fatalities  to  seamen  employed  in 
sail  and  steam  were  i in  207,  say  about  three 
and  a half  times  as  many  as  to  miners.  But 
the  fatalities  to  sailors  employed  in  sailing 
ships  is  I in  78,  that  is  to  say,  nearly  nine 
times  more  than  miners.  Sailors  do  not  come 
within  the  scope  of  the  Compensation  Act. 
They  will  be  dealt  with  by  a separate  Act  for 
themselves,  and  although  we  know  that  what- 
ever its  provisions  may  be,  they  can  only  to  a 
certain  extent  lessen  the  number  of  accidents, 
nevertheless  they  will  secure  compensation  for 
sailors  who  are  injured  and  for  the  relatives 
of  those  who  are  killed. 

The  risk  of  injury  or  death  by  accident  is 
enormously  greater  in  some  occupations  than 
in  others  ; but  notwithstanding  this,  workers 
appear  to  adopt  different  callings  apparently 
without  considering  such  risks.  For  this 
reason  the  liability  to  accident  is  hardly  con- 
sidered in  the  amount  of  wages  paid.  If  it 
were  taken  into  account,  some  occupations,  for 
this  reason  alone,  should  receive  much  higher 
wages  than  others.  But  the  fact  is  we  find 
workers  following  dangerous  occupations  re- 
ceiving no  more  wages  than  other  workers 


obtain  in  occupations  which  are  almost  free  from 
risk.  The  ordinary  person  hardly  differentiates 
between  a workshop  and  a factory,  but  the 
differences  are  very  great  indeed.  There  are 
about  550,000  workers  employed  in  workshops 
where  they  have  no  steam  power  and  very 
little  machinery,  and  the  total  fatalities  re- 
ported last  year  amongst  those  so  employed 
were  only  3,  or  say  i,  in  183,000  workers.  But 
the  case  of  factories  is  quite  different.  In  these 
steam  power  and  machinery  are  employed. 
Even  in  textile  factories,  which  are  probably  the 
safest  of  all  to  work  in,  and  which  employ  nearly 
1,100,000  workers,  the  fatalities  in  1896  were 
69,  or  about  i in  16,000  workers.  In  factories 
employed  in  the  working  of  metals  accidents 
are  the  most  numerous  and  severe.  But  without 
giving  separate  statistics  for  each  class  of 
factory — and  this  could  only  be  done  approxi- 
mately— the  total  figures  for  1896  show  that 
factories  generally  employed  about  3,650,000 
persons,  and  the  fatalities  in  that  year  were 
590,  which  is  equal  to  i in  6,186  employed. 
Those  employed  in  workshops  may  be  taken  to 
run  the  least  risk  of  any  workers  where  it  may 
be  said  that  there  is  any  risk  at  all,  and  com- 
pared with  sailors  the  difference  is  that  there 
were  only  three  fatalities  last  year  in  550,000 
persons  in  workshops,  whereas  there  were  687 
seamen  killed  or  drowned  out  of  53,267  em- 
ployed in  sailing  ships.  These  may  be  con- 
sidered the  two  extremes  of  accident  risks  in 
occupations,  and  the  contrast  is  startling.  It 
means  that  the  risk  of  loss  of  life  by  accident 
in  the  two  occupations  is  2,346  times  greater 
on  board  of  a sailing  ship  than  in  a work- 
shop. 

The  Decrease  of  Accidents. 

Amid  the  differences  of  opinion  as  to  the 
best  way  of  meeting  compensation  for  acci- 
dents there  is  one  gratifying  fact  proved  by 
official  reports,  namely,  that  there  is  now,  and 
has  been  for  many  years  past,  a steady  decrease 
in  the  number  of  accidents.  The  statistics  of 
accidents  in  the  two  most  dangerous  of  our 
employments,  namely,  that  of  miners  and  o 
men  employed  in  railways,  show  a steady 
diminution  of  fatalities.  In  1874  one  railway 
employe  w 3,'-,  killed  in  proportion  to  each  320 
employed.  In  1896  the  proportion  was  i in 
1,040.  In  the  case  of  miners  the  avera  .«  ( 
number  accidental!}'  killed  in  each  yea 
between  1850  and  1855  was  i in  232.  The 
proportion  in  1896  was  i in  682.  Therefor 
since  1855  the  fatalities  in  mines  in  proportion  . 
to  the  number  of  men  employed  have  decreased 
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by  two-thirds,  that  is  to  say,  there  is  now  only 
one  death  by  accident  instead  of  three  that 
there  were  42  years  ago,  and  in  the  case  of 
railways  the  fatalities  are  less  than  one-third 
of  what  they  were  only  22  years  ago.  No 
sufficiently  accurate  statistics  of  injuries  have 
been  kept,  and  it  is  therefore  impossible  to  say 
how  many  fewer  there  are  now  than  there  were 
in  former  years,  but  no  doubt  there  has,  in 
regard  to  them,  been  the  same  large  diminu- 
tion that  there  has  been  in  fatalities.  No 
doubt,  also,  a like  decrease  in  the  number  of 
accidents  has  taken  place  in  other  occupations, 
but  the  statistics  kept  in  regard  to  workshops 
and  factories  do  not  go  back  far  enough  to 
enable  us  to  speak  definitely  with  regard  to 
them.  Accidents  were  steadily  diminishing  in 
number  long  before  we  had  the  Employers’ 
Liability  Act,  as  it  was  not  passed  until  1880. 
The  improved  conditions  of  labour  leading  to 
fewer  accidents  were  effected  by  better  methods 
of  conducting  the  various  operations,  by  im- 
provements in  plant  and  machinery,  and  by 
compliance  with  the  rules  and  regulations  of 
the  Mines  Regulation  Act,  the  Factory  and 
Workshops  Act,  and  other  measures  passed 
for  the  purpose  of  controlling  the  working  of 
these  industries. 


DISCUSSION. 

Mr.  H.  W.  Wolff  said  he  was  very  much  in  agree- 
ment with  Mr.  Provand,  but  on  one  or  two  minor  points 
he  differed  slightly  from  him.  He  did  not  think  it  was 
right  to  say  that  employers’  liability  existed  before 
the  Act ; there  was  a liability  under  the  common  law, 
but  it  was  not  specifically  an  employers’  liability.  The 
abortive  Bill  of  1893  had  some  good  effects,  for  he 
understood  that  though  Mr.  Asquith’s  arguments 
failed  to  convince  the  House  of  Lords,  they  had  con- 
vinced many  of  the  County-court  Judges,  and  since 
then  compensation  had  been  awarded  on  a much  more 
liberal  scale.  The  generosity  which  the  railway  com- 
panies pleaded  did  not  seem  to  be  established  by  the 
facts.  The  best  contribution  they  made  was  25  per 
cent,  of  the  workmen’s  contribution,  or  one-fifth  of 
the  total  amount,  but  at  the  Brussels  Conference  on 
this  subject,  Mr,  D’Arcy,  representing  several  em- 
ployers’ corporations  in  France,  said  the  employers 
were  expected  to  contribute  one-third.  There  was 
some  difficulty  in  deciding  what  should  be  the 
amount  of  contribution,  because  there  were  two 
kinds  of  insurance  to  be  provided  for.  There 
was  the  ordinary  accident  insurance  which  ought 
to  fall  on  the  workman  himself,  and  then  there 
was  the  employer’s  insurance  — his  liability  for 
keeping  the  human  flesh  and  bone  in  repair,  the  same 


as  he  kept  his  machinery  plant  and  building  in 
repair.  If  these  two  were  thrown  together  into  one 
fund,  it  was  difficult  to  say  exactly  what  proportion 
each  should  bear.  Mr.  Provand  said  the  proportion 
of  accident  which  would  be  compensated  for  if  the 
employer  were  liable  for  his  own  negligence  only, 
would  be  20  per  cent.,  the  exact  figure,  according  to 
the  German  statistics,  being  but  if  you  took 

machinery  accidents  themselves,  the  proportion  was 
raised  to  32*96,  and  in  agricultural  employment  to 
61*62.  He  quite  agreed  that  under  the  old  Act  very 
few  convictions  had  been  obtained,  and  that  work- 
men had  received  a ridiculously  small  amount  in 
comparison  to  the  disablements  they  had  suffered, 
but  the  amounts  recovered  at  law  were  not  the  only 
test.  The  Act  had  had  a considerable  effect  in  causing 
amicable  arrangements  to  be  made,  and  the  general 
effect  of  all  the  Acts  which  had  been  passed,  and  the 
discussions  which  had  arisen  in  connection  with  them, 
had  been  to  greatly  reduce  the  number  of  accidents. 
The  great  point  was  that  under  the  new  Act,  a fresh 
line  had  been  taken.  He  quite  agreed  with  Mr. 
Provand  that  it  was  not  well  to  encourage  litigation  ; 
the  law  was  always  against  the  small  purse  and  always 
in  favour  of  the  defendant.  It  was  a maxim  in 
English  law  that  it  was  better  for  a hundred  rogues  to 
escape  than  for  one  innocent  man  to  be  punished, 
and  in  these  cases  the  employer  was  always  the 
defendant,  and  from  the  beginning  the  law  had  been 
in  favour  of  the  employer  and  against  the  workman. 
The  workman  had  nothing  to  rely  on  but  his  employ- 
ment, for  which  he  was  dspendent  on  the  employer ; 
if  he  quarrelled  with  him,  he  might  get  his  compensa- 
tion, but  he  would  lose  his  employment.  The  report 
of  the  Royal  Commission,  and  the  evidence  adduced 
before  it,  showed  that  the  old  principle  was  condemned 
by  everyone  except  the  lawyers.  Looking  to  foreign 
countries,  it  would  seem  that  they  began  as  we  did, 
but  had  seen  reason  to  alter  their  course.  In  Prussia 
it  was  found  that  they  could  not  go  on  as  they  had  ; 
that  the  workman  could  not  go  on  a warfare  at  his  own 
cost.  He  got  wages  for  his  work,  but  did  not  get 
any  allowance  for  the  risks  he  ran,  and  the  theory  of 
the  Manchester  school  that  the  risk  of  accidents  was 
included  in  the  wages  was  now  acknowledged  to  be 
altogether  untenable.  A man  might  work  for  a day 
and  receive  is.,  and  in  that  day  he  might  suffer  an 
injury  to  the  amount  of  ;^ioo  or  £200,  or  more.  Up 
to  the  day  of  his  death  Lord  Monk  Bretton  thought 
the  Employers’  Liability  Act  a masterpiece  of  legis- 
lation, but  all  other  nations  had  proceeded  more  or 
less  on  the  German  model,  which  rejected  our  pro- 
cedure by  litigation  founded  on  negligence,  and 
adopted  the  principle  of  insurance.  France  and  Italy 
fought  against  it  as  long  as  they  could,  but  every  year 
had  seen  them  come  closer  to  the  German  model.  He 
did  not  approve  of  all  the  details  of  the  Geiinaii, 
machinery,  but  the  principle  was  sound,  that  ol! 
making  the  risk  of  accident  a tax  on  production.  It 
was  not  the  employer  but  the  employment  which: 
should  bear  the  burden,  and  of  course  the  consumed 
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paid  it  in  the  long  run.  As  had  been  stated  in 
Parliament  this  was  not  purely  a labourer’s  question, 
l)ccause  the  industrial  cripples  were  thrown  on  the 
rates  and  that  was  a hardship  on  the  community  at 
large.  The  amount  wrongfully  put  upon  the  rate- 
payers in  this  way  might  be  roughly  estimated  by 
taking  the  result  of  the  special  inquiry  on  the  subject, 
made  in  Germany,  from  which  it  appeared  that  the 
rates  were  relieved  in  consequence  of  the  Accidents 
Insurance  Act  to  the  extent  of  from  25  to  30  per 
cent,  in  some  places ; in  one  case  they  were  reduced 
from  3*2  to  2-3  marks.  Denmark,  Norway,  Austria, 
France,  Belgium,  and  at  last  Italy,  were  all  adopting 
I the  principle  of  insurance  instead  of  making  it  a 
I question  of  negligence,  and  that  got  rid  of  a good 
i deal  of  disagreeable  business,  and  united  the  employers 
I and  the  employed  in  endeavouring  to  minimise 
i accidents.  In  Germany  it  was  stated  that  53T3  per 
I cent,  of  industrial  accidents  were  preventive,  and  of 
agricultural  65-49  cent. ; and  if  machinery  acci- 
dents only  were  reckoned  the  proportion  preventible 
i were,  industrial  82-46  per  cent.,  and  agricultural 
90*55  cent.  In  fact,  where  you  could 

make  it  people’s  interest  to  avoid  accidents, 

‘ they  could  be  reduced  to  almost  none.  There 
was  a co-operative  society  of  workmen  in  Milan, 
with  which  he  was  well  acquainted ; it  did  all  sorts 
of  masonry  and  building  work,  and  consisted  of 
some  3,000  members.  Theirs  was  reckoned  one  of 
the  dangerous  employments,  and  they  ran  con- 
siderable risks ; but  whenever  he  went  there  he  always 
asked  what  accidents  they  had  had,  and  the  answer 
always  was,  none  to  speak  of.  The  only  serious 
; accident  within  the  last  few  years  was  one  to  an 
apprentice,  who  got  larking  about  in  the  dinner  hour 
' on  the  end  of  a beam,  lost  his  balance,  and  fell  down, 
i Being  their  own  employers,  they  had  an  interest  in 
I avoiding  accidents,  and  they  managed  to  do  so.  In 
' Germany  and  Austria  they  endeavoured  to  make  it 
the  interest  of  all  employers  to  avoid  accidents  by 
' grouping  a large  number  together,  and  making 
! them  all  liable  jointly.  In  some  cases,  the  whole 
1 trade  was  grouped  together ; in  others  — which 
was  probably  a better  plan — the  whole  of  a dis- 
trict. If  there  were  1,000  employers  grouped 
together,  the  negligence  of  any  one  might  bring  a 
liability  upon  the  whole,  and  therefore  they  were  all 
interested  in  seeing  that  proper  precautions  were 
taken  and  appliances  used,  and  the  one  in  default 
I could  not  plead,  as  he  could  as  against  a factory 
inspector,  that  he  was  an  expert  and  knew-  best. 
How  Mr.  Chamberlain  could  have  said  that  the 
i principle  of  making  1,000  men  liable  for  the  default 
I of  one  w-as  opposed  to  English  habits,  he  could 
not  understand,  for  frank-pledge  was  a thoroughly 
'Anglo-Saxon  institution.  This  arrangement  also 
•met  another  serious  difficulty,  as  it  insured  a fund 
mut  of  which  compensation  could  be  paid.  It  was 
to  meet  this  and  to  equalise  the  burden  that  so 
many  favoured  what  was  called  “contracting  out.*’ 
He  did  not  like  CDntracting  out,  though  he  admitted 


that  the  workman  obtained  certain  advantages  by 
it,  because  it  created  a state  of  dependence  in  the 
w'orkman  w hich  was  not  natural.  If  he  left  his  employ- 
ment he  lost  his  contributions,  and  thus  he  was  to  some 
extent  at  the  employer’s  mercy.  But  the  danger  of 
employers  not  being  able  to  meet  their  liabilities  was 
by  no  means  visionary-.  Cases  had  not  actually 
occurred  because  in  severe  accidents  it  was  generally 
impossible  to  prove  liability.  In  mining  accidents 
all  evidence  of  negligence  generally  disappeared.  But 
in  France  and  in  Belgium  it  had  occurred  that  the 
employer  was  not  able  to  meet  the  liability  thrown 
upon  him.  He  thought  it  w-as  a grievous  hardship 
on  working  men  that  in  the  Act  builders  of  houses 
under  30  ft.  high  should  be  exempt.  Those  men  ran 
the  same  risks  as  their  brethren  employed  on  larger 
works,  in  fact  more,  because  the  small  employer 
w-ould  probably  have  worse  scaffolding  and  imple- 
ments, and  the  men  had  less  constant  employment. 
The  exemption  w-as  justified  on  the  ground  that  these 
small  employers  were  so  little  better  off  than  their 
workmen  that  they  could  not  be  expected  to 
pay  compensation  ; but  if  the  employers  were 
grouped  together,  as  in  Germany  and  Austria,  a 
fund  would  be  created,  and  the  difficulty  would  be 
got  over.  Under  individual  liability,  many  employers 
would  pay  w-illingly  and  liberally,  but  others  would 
be  neither  able  nor  willing,  and  they  would  bring 
pressure  to  bear  on  the  workman  to  accept  less  than 
he  was  entitled  to.  He  could  not  say  that  he  strongly 
approved  of  the  last  Act,  but  he  was  very  glad  that 
it  had  been  passed,  though  it  was  full  of  faults. 
AVhat  the  Government  had  to  do  w-as  to  adopt  a new- 
principle  and  to  give  legislative  sanction  to  it  by  a 
majority  so  large  that  no  one  could  call  it  in  question, 
and  that  they  had  done  ; and  once  the  ball  had  been 
set  rolling  it  w-ould  not  stop  until  it  came  to  the  end 
of  its  course.  The  great  advantage  had  been  gained 
that  employers,  who,  under  other  circumstances, 
would  have  criticised  and  opposed  the  measure, 
had  now  found  it  to  their  interest  to  improve 
it,  and  it  w-as  remarkable  what  a change  in  public 
opinion  had  been  already  produced.  He  found, 
in  speaking  to  Members  of  Parliament,  that  many 
w-ho  began  by  disliking  it  had  come  to  quite  a 
contrary  view- ; and  this  change  of  opinion  augured 
w-ell  for  future  progress  in  legislation  of  this  character. 
They  had  got  away  from  a vicious  principle,  and 
secured  for  the  workmen  of  England  a very  great 
boon.  He  had  just  received  a copy  of  an  Act 
w-hich  passed  the  Danish  Rigsdag  last  month ; it 
adopted  the  principle  of  the  English  Act  but  avoided 
two  blemishes.  It  absolutely  forbade  contracting  out, 
and  it  created  a coxincil  which  was  to  watch  over  the 
Act,  and  apply  it  administratively,  so  as  to  avoid  all 
litigation  ; everything  being  managed  by  a Board,  on 
which  employers  and  workmen  were  to  be  equally 
represented. 

Mr.  Alexander  Siemens  said  he  only  wished  to 
speak  on  one  point,  and  that  was  to  protest  against 
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the  tone  of  the  paper  in  certain  portions,  which 
seemed  to  assume  that  there  must  be  an  antagonism 
■of  interest  between  employer  and  employed ; as 
for  instance  where  it  referred  to  the  difficulty  of  the 
workmen  getting  evidence.  Professional  agitators 
bad  made  it  their  business  to  sow  dissension  between 
workmen  and  employers,  and  always  to  speak  as  if 
the  interests  of  the  employers  and  workmen  were 
opposed  to  each  other,  and  as  if  the  employer  was  the 
natural  enemy  of  the  workman,  which  was  a perfect 
fallacy.  It  was  the  so-called  leaders  of  the  working 
men  who  were  the  enemies  of  the  employers.  In 
many  works  which  he  could  name  there  were  funds 
■established  to  provide  pensions  for  old  age,  to  which 
the  workmen  contributed  nothing,  and  for  sickness, 
to  which  they  did  generally  contribute  something. 
As  regards  accidents,  any  employer  who  had  any 
sense  would,  without  any  Act  of  Parliament,  adopt 
every  means  in  his  power  to  prevent  accidents,  just 
as  the  workmen’s  society  referred  to  by  Mr.  Wolff 
•did.  They  did  so  because  it  paid  them  in  the  long 
run,  it  was  not  a matter  of  sentiment,  but  of  £ s.  d., 
and  he  must  protest  against  the  notion  that  the 
employer  was  the  enemy  of  the  workman.  He  agreed 
with  the  principle  that  the  employment  should  be  at 
the  expense  of  the  accident.  As  the  buildings  and 
machinery  had  to  be  kept  in  repair,  so  ought  the 
workmen  ; and  he  was  quite  willing  to  do  that  for  his 
workmen,  and,  of  course,  charge  his  customers 
accordingly.  It  was  not  right  that  the  cost  of 
accidents  should  fall  on  the  rates. 

Mr.  W.  Shepherd  (President  of  the  Central  Asso- 
ciation of  Master  Builders  of  London)  said  he  had 
something  to  do  with  the  consideration  of  this  Bill 
when  it  was  before  the  Committee  of  the  House  of 
Commons,  and  he  might  say  that  not  one  of  the 
members  of  the  Government  who  were  more  imme- 
diately responsible  for  it  ever  contended  that  it  could 
be  defended  on  principle.  Now  that  it  was  passed, 
however,  it  was  not  much  use  discussing  it,  and  he 
thought  the  paper  really  admitted  of  very  little  critic- 
ism. The  ideas  put  forward  were  rather  subjects  for 
consideration.  He  had  himself  thought  that  the  true 
solution  of  the  difficulty  in  working  the  Bill  was  to 
be  found  in  the  mutual  association  of  workmen  and 
employers.  A great  deal  had  been  said  about  the 
Employers’  Liability  Act  of  1880,  but,  as  Mr.  Wolff 
bad  pointed  out,  the  number  of  cases  tried  under  it 
was  no  indication  of  the  number  in  which  settlements 
bad  been  made.  In  connection  with  their  Association 
was  an  Employers’  Assurance  Association  for  meeting 
cases  under  the  Act,  and  the  principle  they  invariably 
acted  upon  was  in  case  of  an  accident  to  avoid  litiga- 
tion if  possible  by  coming  to  a reasonable  settlement. 
In  nine  cases  out  of  ten  wben  there  w’as  an  appeal 
from  the  Judge  of  the  County-court  his  decision  was 
reversed,  showing  that  the  workmen  got  the  full 
benefit  of  the  Act.  If  the  employer  succeeded  he 
could  not  get  his  costs  from  the  plaintiff,  so  that  it 


^February  ii,  1898. 1 


was  always  to  his  interest  to  settle  if  possible,  especj 
ally  as  the  jury  alw^ays  sympathised  with  the  workmai 
If  arbitration  wxre  to  take  the  place  of  litigation  he  dii 
not  see  how  the  award  could  be  enforced  witho\, 
litigation.  He  hoped  w'orkmen  w^ould  see  that  it  wr 
their  interest  to  provide  for  the  payment  of  compens: 
tion  for  accidents,  and  to  spread  the  liability  over 
large  area.  If  they  were  dependent  on  individu; 
employers,  in  many  instances  the  workman  woul 
never  recover  what  w’as  his  due.  He  quite  agree 
that  small  builders  should  not  be  exempted  from  th 
Act ; the  workmen  employed  by  them  ought  to  b 
in  as  good  a position  as  any  others,  but  it  was  nc 
the  fact  that  accidents  were  more  numerous  in  cor 
nection  with  small  buildings  ; their  insurance  experi 
ence  show'ed  the  contrary. 

Mr.  Wolff  said  he  had  intended  to  refer  to  tb 
Master  Builders’  Association,  as  an  instance  showin 
the  advantages  of  combination.  In  his  opinion, 
was  very  important  to  avoid  litigation,  with  il 
attendant  expenses. 

The  Chairman,  in  proposing  a vote  of  thanks  t 
Mr.  Provand,  said  he  objected  very  much  to  th 
grandmotherly  legislation  to  which  we  had  bee 
subjected  by  successive  Governments  to  inteiferenc 
betw'een  employers  and  employed,  and  betwee 
landlord  and  tenant,  but  he  must  admit  that  he  ha 
been  much  struck  by  the  \iews  advanced  in  thi 
paper,  and  he  thought  a system  of  mutual  insuranc 
w^ould  be  extremely  valuable,  not  only  in  promotin 
good  feeling,  but  in  bringing  home  a sense  c 
responsibility  to  the  w'orkmen,  who,  in  his  opinioi 
were  chiefly  responsible  for  accidents. 

The  vote  of  thanks  having  been  carried  unan 
mously, 

Mr.  Provand,  in  reply,  said  he  thought  the  principal 
of  making  production  pay  for  the  cost  of  accidents,  wa* 
one  which  could  be  thoroughly  defended.  The  risks  ni 
by  w^orkmen  were  certainly  not  included  in  the  wage 
he  received.  During  the  discussions  in  the  House 
they  heard  a certain  Latin  quotation  repeated  unt 
they  w’ere  tired  of  it,  to  the  effect  that  when  a ma 
accepted  an  employment  he  must  be  held  to  know  an 
take  it  subject  to  all  the  risks,  and  must  put  up  wit 
the  consequences.  That  was  laid  down  by  a judge 
great  many  years  ago,  and  his  language  had  hee 
quoted  many  times  since,  but  he  did  not  think  it  wouf 
pass  current  much  longer.  In  the  case  of  the  Forf 
Bridge,  he  had  calculated  that  compensation  for  a 
the  accidents  which  occurred  in  connection  with 
would  have  amounted  to  about  ;^ioo,ooo,  and  th 
bridge  cost  between  three  and  four  millions.  Wtj 
it  not  better  that  the  owners  should  pay  interest  ol 
an  additional  ;i(^ioo, 000,  than  that  scores  ofmenshoul 
go  about  as  helpless  cripples,  and  scores  ofwldov^ 
and  children  be  thrown  on  the  rates.  He  had  made . 
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,imilar  calculation  with  regard  to  the  Manchester  Ship 
Janal ; compensation  for  accidents  would  be  a micro- 
scopical sum  in  comparison  to  the  gross  expenditure  on 
,uch  work.  Reference  had  been  made  to  appeals  from 
he  County-courts  to  the  High  Courts,  and  he  might 
;ay  that  whenever  a case  went  to  the  High  Court,  no 
vorkman  ever  got  sixpence  out  of  it ; it  then  became 
mrely  a fight  for  costs.  There  was  an  accident  at 
S'ine  Elms  a few  years  ago,  which  went  to  the  High 
Jourt  six  or  seven  times  in  all,  but  long  before  the 
irst  tiial  had  finished,  the  workman  himself  had 
ost  all  interest  in  it ; he  could  never  get  a copper, 
t was  purely  a battle  of  the  lawyers  for  costs.  If 
iver  a man  got  anything  by  the  Act,  it  was  either 
)y  a settlement,  or  in  the  County-court.  Noticing 
emarks  made  by  Mr.  Shepherd,  he  hoped  when 
he  Compensation  Act  came  into  force  the  master 
)uilders  would  be  able  to  establish  such  a strong 
nutual  insurance  society,  that  any  man  who  was 
njured  would  have  his  compensation  insured  to  him, 
ind  that  they  would  be  able  to  work  it  cheaply  them- 
elves  instead  of  paying  premiums  to  a company  which 
!xpended  40  per  cent,  of  its  receipts  in  advertisements 
ind  canvassing.  Nothing  was  further  from  his  inten- 
ion  than  to  suggest  that  employers  and  employed 
vere  or  should  be  at  enmity  ; such  a condition  of 
lungs  was  hateful  and  unnecessary.  Mr.  Siemens 
epresented  a class  of  employers,  of  whom  there  were 
nany,  who  dealt  justly  and  generously  with  their  men, 
)ut  there  were  others  who  did  not  belong  to  that 
lass  at  all.  A case  came  before  the  Home  Secretary 
ast  year  in  which  several  persons  had  been  discharged 
rom  their  employment  for  giving  evidence.  A man 
vho  had  been  injured  in  an  accident  was  rarely  capable 
)f  taking  his  own  part  against  his  employer.  He  had  no 
loubt  that  great  advantage  had  arisen  from  the  discus- 
ion  occasioned  by  the  various  Acts,  which  brought  the 
luestion  home  to  many  who  had  never  thought  about 
t before.  Mr.  Wolff  said  some  employers  paid  too 
ittle  towards  the  accident  funds,  but  he  could  men- 
ion  several  cases  in  which  they  paid  it  all — such  as 
viessrs.  Tangye’s,  and  at  the  London  Docks.  The 
.ondon  and  North-Western  Railway  Company  contri- 
)uted  about  seven-sixteenths  and  the  men  nine-six- 
eenths.  The  London  and  Brighton  company  last  year 
)aid  ;^9,4Q2,  of  which  J2,‘j22  only  came  from  the  men. 
iut  in  other  cases  the  employers  were  not  so  liberal, 
"or  example,  the  mine  owners  contributed  only  about 
I per  cent,  of  the  funds  of  the  Miners'  Permanent 
Lelief  societies.  The  Compensation  Act  was  by 
|io  means  perfect — for  instance,  it  did  not  apply  to 
iliseases  caused  by  unhealthy  occupations.  In  1896 
here  were  1,040  cases  of  lead-poisoning  and  anthrax 
eportecl,  some  of  which  resulted  fatally,  and 
tnder  this  Act  nothing  could  be  recovered  in 
uch  cases  unless  a Judge  decided  that  lead-poisoning 
ras  an  “ accident  ” within  the  meaning  of  the  Act, 
vhich  he  did  not  think  probable.  There  were  other 
imitations,  such  as  that  with  regard  to  the  height  of 
'uildings,  and  some  others  with  regard  to  machinery, 

• hich  he  hoped  to  see  removed. 


Miscellaneous. 


liOOKBINDIXG  EXiriBJTION. 

The  Exhibition  of  Foreign  and  English  Book- 
bindings, in  the  Reading-room  of  the  Society  of 
Arts,  was  closed  on  Monday  evening,  7th  inst.,  after 
having  been  open  for  a fortnight.  The  collection 
consisted  of  Pali  MSS.  lent  by  the  .Secretary  of  State 
for  India ; Japanese  books  lent  by  Mr.  Charles 
Holme  ; a Persian  binding  of  the  i6th  century,  and  a 
frame  of  Persian  stamps  and  tools,  with  three  covers 
made  from  these  stamps,  and  some  old  bindings 
of  the  nth,  nth,  and  14th  century’,  lent  by  the 
Science  and  Art  Department ; stamped  bindings  lent 
by  Mr.  E.  Gordon  Duff,  &c. ; embroidered  bindings 
lent  by  Mr.  Alfred  Huth,  Mr.  Charles  Elton,  Q.C., 
and  the  Science  and  Art  Department ; two  tortoise- 
shell book  covers  lent  by  Mr.  Cyril  Davenport  and 
the  Science  and  Art  Dejrartment.  There  were  two 
cases  containing  French  bindings,  one  of  Italian,  and 
three  of  English,  the  books  being  lent  by  Mr.  Edward 
Almack,  Mr.  Bain,  Mr.  Charles  Elton,  Q.C.,  Mr. 
Alfred  Huth,  Messrs.  J.  and  J.  Leighton,  Mi. 
Alexander  Neale,  Mr.  A.  AV.  Pollard,  Mr.  Henry 
S.  Richardson,  and  Mr.  H.  B.  Wheatley.  A cata- 
logue of  the  exhibition  has  been  printed,  and  copies 
will  be  sent  to  members  on  application. 

The  Pali  MSS.  from  the  India-office  (Nos.  i to  3) 
are  on  palm  leaves  strung  together,  with  ornamental 
gilt  end  boards ; two  of  these  were  from  the  King  of 
Burmah’s  collection  taken  at  Mandalay.  These  can 
scarcely  be  called  books  or  the  loose  strings  and 
board  bindings,  but  they  form  an  interesting  link  in 
the  evolution  of  the  Book.  The  Japanese  specimens 
(Nos.  4 to  9)  also  show  the  changes  in  the  form  of 
books,  first  there  is  the  roll  {maki>?iono),  then  there  is 
the  folding  of  the  roll  into  squares,  resulting  in  the 
more  convenient  form  of  a book  opening  out  in  a 
zigzag,  sometimes  the  reading  and  illustrations  are 
on  one  side  only,  but  in  other  cases  they  are  found 
on  both  sides.  This  form  is  called  orihon.  Mr. 
Holme  also  showed  a volume  bound  in  brocade 
which  was  stitched  in  the  Western  manner,  and 
also  one  in  the  Japanese  manner  {shomoton),  that 
is  an  overcasting  which  necessitates  a considerable 
margin  in  the  book,  so  that  the  print  of  the 
inside  of  the  leaf  should  not  be  cut  into.  The 
Mediaeval  bindings  from  the  South  Kensington 
Museum  consisted  of  an  important  volume  (manu- 
script obituary  of  a religious  house.  No.  130)  Avith  a 
cover  of  gilt  metal,  decorated  with  Champleve  enamel, 
and  set  with  engraved  gems  and  cabochon  crA'Stals  ; 
in  the  centre  a group  of  two  saints  in  repousse 
or  beaten  work.  This  very  fine  binding  is  German, 
and  is  supposed  to  belong  to  the  12th  or  13th  cen- 
tury. A volume  of  the  first  half  of  the  15th  century 
(No.  132),  also  German  work — MS.  on  vellum  in  oak 
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boards,  the  upper  of  which  is  covered  with  thin  plates 
of  gilt  metal,  some  pierced  with  tracery,  the  corners 
ornamented  with  two  intaglios,  a cameo  and  a hemi- 
sphere of  glass  (probably  covering  a relic),  set  in 
raised  collets  surrounded  by  foliated  bosses.  The 
work  is  of  the  first  half  of  the  15  th  century,  but  two 
of  the  gems  are  of  older  date.  Of  a totally  different 
style  of  ornamentation  is  a painted  book  cover 
(No.  131),  such  as  was  used  during  the  14th  and 
15th  centuries  to  bind  the  official  account-books  of 
the  municipality  of  Siena.  This  wood  cover  is 
painted  in  tempera,  on  which  is  shown  a friar  in 
white  gown  and  hood  seated  at  a table  counting 
money,  the  lower  half  occupied  by  an  inscription  in 
fine  Lombardic  characters.  At  each  corner  is  a 
metal  boss,  and  in  the  middle  a leathern  hinge  band 
decorated  with  a graceful  floral  pattern  in  white  on  a 
red  ground.  The  inscription  is  to  the  effect  that  it 
was  the  book  of  Friar  Meo,  chamberlain  of  the  Tax- 
office,  and  that  it  occupied  six  months,  1309-10, 
during  the  tenn  of  office  of  Messer  Guido  da  Tripli, 
Chief  Magistrate  of  Siena. 

No.  129  is  curious  as  being  a copy  of  the  Vulgate 
translation  of  the  Bible  published  in  Paris  in  1552, 
which  is  bound  in  red  leather  and  has  on  the  cover 
two  plaques  of  bone,  carved  in  open  work  with 
foliated  ornaments,  probably  German  work  of  the 
loth  or  nth  century. 

One  case  was  devoted  to  the  fine  collection  of 
stamped  English  bindings  lent  by  Mr.  E.  Gordon 
Duff.  Here  the  finest  specimen  was  one  bound  by 
John  Reynes,  circa  1520,  with  the  aims  of  the 
Redeemer  of  the  World  on  the  front  cover  and  the 
royal  arms  and  Tudor  rose  on  the  end  cover. 
Another  specimen  of  the  binding  of  John  Reynes 
was  ornamented  with  two  large  panel  stamps,  that 
on  the  front  cover  representing  the  baptism  of 
Christ  and  that  on  the  end  cover  St.  George  and  the 
Dragon ; there  was  also  an  English  panel  with  Tudor 
rose  in  the  centre,  circa  1493,  bound  by  Richard 
Pynson.  The  stamps  on  these  books  are  finely  cut, 
and  the  impressions  from  them  very  brilliant  ; the 
books  also  are  in  a fine  state  of  preservation.  There 
were  also  some  good  specimens  of  foreign  stamped 
bindings,  some  of  which  bore  the  names  of  the 
binders,  as  Martin  Vulcanius,  Johannes  Bollcaert, 
Johan  Norms,  Laurentius  de  Pape,  and  Andre  Boule. 
There  were  also  exhibited  specimens  of  embroidered 
bindings,  tortoiseshell  covers,  &c. 

Italian. 

Among  the  books  from  the  South  Kensington 
Museum  was  a manuscript  on  vellum  (No.  124)  con- 
taining the  Decrees  of  the  “ Council  of  Ten,”  in 
stamped  leather  covers,  panelled,  painted,  and  gilt. 
This  Venetian  binding  of  the  middle  of  the  i6th 
century  is  particularly  interesting  as  showing  the 
overwhelming  influence  of  Persian  and  other  gilt 
bindings  on  the  Italian  styleand  (as  gilt  bindings 
originally  came  from  Italy),  on  those  of  France  and 

her  European  countries.  Mr.  Huth  exhibited  a 


singularly  fine  example  from  the  libraiy  of  Demetri' 
Canevari  (No.  76),  having  the  coloured  medallion  wit. 
which  he  adorned  the  sides  of  his  books.  There  wa 
another,  but  smaller,  example  from  the  South  Ken 
sington  Museum  (No.  135).  Mr.  Huth  also  lent 
fine  example  from  the  library  of  Thomas  Maioli 
which  has  the  monogram  of  the  collector  in  blind  o 
the  end  cover,  and  the  title,  “ C.  Crispi  Salusti 
Opera,”  and  “ Tho.  Maioli  et  Amicorum,”  ii 
cartouches  on  the  front  civer  (No.  77).  Othc 
specimens  of  Italian  bindings  have  the  arms  of  tw< 
Cardinals,  of  Popes  Julius  HI.  and  Clement  XI.,  0 
Egidio  Colonna,  Archbishop  of  Amasia,  and  of  th 
Doge  Grimani.  An  aldine  edition  of  the  Decamero, 
(1522)  (No.  74)  possesses  the  original  inlaid  side 
in  gold  and  colour,  with  the  motto  : “ Et  mente  e 
oculis.”  All  these  books  were  elaborately  tooled 
many  of  them  of  specially  characteristic  Italiai 
design. 

French. 

Amongst  the  specimens  of  French  bindings  ex 
hibited,  special  mention  should  be  made  of  a smal 
volume  in  brown  cilf  (No.  33),  which  has  tw< 
medallions  on  the  covers — one  the  head  of  Francis  I. 
“ Rex  F.”  on  the  front  cover,  and  Dido  on  th 
back  cover.  Although  not  so  elaborately  tooled,  i 
has  some  likeness  in  part  of  the  ornament  to 
specimen  from  the  library  of  Francis  I.,  figured  iii 
Gmel,  Alanuel  de  V Amateur  des  Reliures.  Tw 
specimens  from  Grolier’s  library  (Nos.  38  and  39),  on 
a small  volume  in  brown  calf,  probably  bound  i 
Italy  before  the  collector  adopted  the  style  which  i 
so  closely  connected  with  his  name,  and  anothe 
volume  in  brown  morocco  with  the  title  of  the  book 
the  possessor’s  name,  and  his  motto  on  the  siden 
The  last  belongs  to  Mr.  Huth,  who  also  contribute' 
a superb  specimen  of  Le  Gascon’s  art  (No.  55).  Thi 
was  a small  volume  in  red  morocco  inlaid  with  oliv 
and  citron  morocco  beautifully  tooled  all  over  in  th 
pomtille  manner,  with  gilt  edges  painted  in  colour 
Two  very  pretty  volumes  were  shown  which  wer 
decorated  in  Le  Gascon’s  manner  (Nos.  36  and  37 
There  were  four  volumes  from  De  Thou’s  library,  tv 
with  his  own  arms  alone,  one  with  his  anns  and  thos 
of  his  first  wife,  Marie  Barban9on,  and  another  -v\it 
his  arms  and  those  of  his  second  wife,  Gasparde  de  1 
Chastre. 

There  were  two  volumes  in  the  style  of  CloGs  Ev 
(Nos.  52  and  52*),  one  wdth  floral  sprays  on  the  bac 
and  sides,  and  the  other  in  the  more  geometric  patterr 
with  floral  sprays  interspersed.  A volume  (No.  47 
in  brown  morocco  with  the  arms  of  France  an 
Navarre  under  one  crown  on  the  sides,  and  the  side! 
and  back  covered  with  a seinee  of  crowned  L’s  an 
fleurs  de  lys  is  very  similar  to  a binding  executed  b; 
Clovis  Eve  for  Louis  XHI.  which  is  figured  in  Gruej 
Manuel  de  V Amateur  des  Reliures,  except  that  th: 
latter  has  not  any  aims  on  the  sides.  There  was 
small  volume  (No.  46)  in  mottled  calf  with  the  ami 
of  Madame  de  Pompadour  on  the  sides.  But  tlj 
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three  castles  that  she  bore  ought  to  have  the  door  of 
each  open,  and  in  this  examjde  the  door  is  shut. 
There  is  a tradition  that  on  one  occasion  the  binder 
sent  home  some  books  to  the  Marchioness  on  the 
covers  of  which  this  blunder  had  been  made.  The 
ladv  stormed  and  threatened  to  return  the  books  to 
;the  binder.  It  is  not  reported  if  she  did  so,  but  tliis 
is  one  of  the  books. 

There  waas  series  of  pretty  little  books  in  coloured 
bindings  with  elaborate  tooling  in  various  designs,  all 
of  Lyonnese  workmanship.  Nos.  58  to  66  lent  by 
Mr.  Charles  Elton,  and  Nos.  56,  57  by  Messrs.  J. 
and  J.  Leighton.  Several  specimens  of  bindings  by 
Derome  were  exhibited,  one  in  particular,  belonging 
to  Mr.  Elton,  has  a very  fine  border  on  the  sides  de- 
corated in  the  manner  known  as  “ dentelle  a Toiseau  ” 
(No.  53),  The  celebrated  binders  Ruette  and  Pade- 
loup  were  also  represented,  and  Mr,  Bain  lent  a fine 
specimen  of  the  work  of  Bozerian,  which  is  seldom 
seen  to  such  advantage.  The  book  is  in  blue  morocco, 
having  a richly  tooled  back  with  small  red  inlays  and 
a decorated  border  round  each  of  the  sides. 

English. 

The  three  cases  devoted  to  English  gilt  bindings 
'contained  a considerable  number  of  beautiful  ex- 
, amples,  which,  if  compared  with  the  French  ex- 
pamples,  stood  the  comparison  well.  One  of  the 
earliest  bindings  here  was  a pretty  little  volume 
in  broA\Ti  calf,  with  gold  and  black  decoration, 
and  the  initials  W.  B.  on  the  sides,  which  is  attri- 
buted to  Thomas  Berthelet  (No.  120).  There  are 
signs  of  a strong  foreign  influence  in  the  binding 
of  this  little  book,  but  we  know  that  Berthelet, 
who  was  originally  a Frenchman,  was  thus  in- 
fluenced, Another  early  example  is  found  in  No. 
85,  a volume  in  brown  calf,  with  the  device  of  Anne 
Boleyn,  i.e.,  a crowned  falcon  holding  a sceptre  and 
bush  of  red  and  white  roses  on  the  sides.  This  book 
was  probably  bound  for  Queen  Elizabeth,  who  often 
bore  her  mother’s  badge. 

There  was  a Bible  (1616)  bound  in  morocco  and 
richly  tooled  for  James  I.,  and  afterwards  in  the 
possession  of  the  Parliamentary-General,  Lord  Fairfax 
(No.  93)  ; and  an  edition  of  Bishop  Andrews’s 
Sermons  (1631),  which  was  Charles  I.’s  copy,  and  is 
interesting  as  having  been  one  of  the  books  recom- 
i mended  by  the  king  to  his  children  when  he  parted 
from  them  before  his  execution.  Two  little  books 
also  lent  by  Mr.  Edward  Almack  (Nos.  86  and  87) 
M’ere  of  great  interest  as  being  probably  the  work 
of  an  unregistered  English  binder,  viz.,  Samuel 
Brown,  at  the  Hague,  The  Electra  of  Sophocles 
presented  to  her  Highnesse  the  Lady  Elizabeth  by 
C [hristopher]  W [ase],  and  the  Latin  translation  of 
the  Ei/cii/  Both  books  were  printed  at  the 

Hague  for  Samuel  Brown  in  1649,  and  are  in  a 
similar  style  of  ornamental  binding  in  black  morocco, 
Mr.  Almack  also  lent  various  editions  of  the 
BaanXiKT]  bound  in  several  styles  ; one  has  a medallion 
portrait  of  Charles  I.  on  the  sides  (No.  90),  another 
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w as  bound  for  Charles  II.  by  .Samuel  MeamefNo.  91), 
and  one  which  belonged  to  Queen  Charlotte,  was 
bound  in  black  morocco  with  a diamond  design 
(No,  108).  This  last  has  been  supposed  by  some 
to  be  a P'rench  binding,  but  P'rench  styles  con- 
siderably influenced  English  binding  at  this  time, 
and  similar  tooling  can  be  found  on  other  English 
books,  so  that  there  seems  to  be  no  real  reason  for 
doubting  its  English  origin.  Besides  these  there  were 
a large  number  of  fine  linglish  bindings  \nth  ver>' 
beautiful  tooling  which  exhibit  good  taste,  excellent 
workmanship,  and  a great  variety  of  design.  It  is 
impossible  to  attribute  many  of  them  to  any  particular 
binder,  but  of  binders  who  have  gainerl  fame  good 
examples  were  exhibited  of  the  works  of  Kalthoeber 
and  Roger  Payne. 


Correspondence. 

♦ 

BOAD/CEA’S  CHARIOT. 

The  model  of  a group  of  statuary'  of  Boadicea,  by 
Thornycroft,  is  put  up  at  the  corner  of  Westminster- 
bridge  for  the  approval,  I believe  of  the  public,  before 
casting  a permanent  representation  of  the  same.  As 
regards  the  general  merit  of  the  group,  I have  nothing 
to  say  at  present,  but  the  chariot  there  placed  is  no 
credit  to  the  art  and  manufacture  of  ancient  Britain. 
I think  it  is  not  like  the  chariot  in  which  Boadicea 
stood  or  sat  at  the  time  of  her  celebrated  speech.  It 
does  not  represent  a British  chariot  which,  as  we 
know,  Cicero,  writing  from  Rome  to  his  fnend 
Trebatius  in  Britain,  says,  “ there  seemed  little  worth 
bringing  from  Britain  except  the  chariots,  will  you 
bring  me  one  by  way  of  a pattern.” 

This  superior  chariot  was  described  by  Caesar  and 
other  writers,  who  are  quoted  by  Ginzrot  in  his 
“ History  of  Ancient  Vehicles,”  published  at  IMunich, 
1817,  by  order  of  King  Louis  of  Bavaria.  Ginzrot 
was  his  Master  of  the  Horse.  In  his  work  he  gives 
a picture  of  the  British  chariot,  which  was  almost 
identical  with  the  Gaulish  and  Belgian  chariots,  and 
was  doubtless  derived  from  their  original  waggons  of 
Central  Asia,  as  described  by  Tacitus.  Csesar  tells  us 
that  the  British  chariots  were  larger  than  the  Roman 
chariots,  were  high  behind,  and  were  ascended  from 
the  front,  and  were  provided  with  a seat ; the  pole 
was  broad  and  flat,  and  upon  it  the  charioteer  stood 
or  sat  whilst  he  drove  the  horses,  and  would  run 
along  the  pole  and  leap  to  the  front  of  his  horses 
when  he  arrived  on  the  battlefield,  whilst  the  warrior 
or  warriors  fought  from  the  inside  of  the  chariot.  The 
chariot  of  Mr.  Thornycroft  is  quite  contrary  to  the 
description  given  by  Ctesar,  and  is  too  small  and 
clumsy.  A fuller  account  than  I have  written  here 
will  be  found  in  my  lectures  on  “ Coaches,”  delivered 
at  the  Society  of  Arts. 

The  Roman  and  Greek  chariots  were  copied  from 
the  Egyptian  chariots.  In  Persia,  from  sculptures  on 
ancient  monuments  still  extant,  both  the  Gaulish  and 
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Egyptian  style  of  chariot  appear  to  have  been  used. 
Eut  the  Persian  chariots  were  all  on  a larger  scale, 
with  massive  wheels. 

George  A.  Thrupp. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  Evenings,  at  8 o’clock; — 
February  i6. — “The  Protection  of  Industrial 
Property.”  By  J.  F.  Iselin,  M.A.,  LL.M.  Sir 
Frederick  Bramwell,  Bart.,  D.C.L.,  F.R.S., 
will  preside.  

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  ; — 
February  17. — “The  Plague  in  Bombay.”  By 
Herbert  Mills  Birdwood,  C.S.I.,  M.A.,  LI  .D. 
«(late  Governor’s  Council,  Bombay).  The  Right  Hon. 
Earl  Spencer,  K.G.,  will  preside. 

Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Hugh  Stannus,  ‘'The  Principles  of  Design 
in  Form.”  Four  Lectures. 

Lecture  I.  — February  14.  — Construction, 
'Symmetry,  Balance,  &c,. 

Lecture  II. — February  21. — Gradation,  Pro- 
portion, Scale,  &c. 

Lecture  III.  — February  28.  — Repetition, 
Alternation,  Axiality,  &c. 

Lecture  IV. — March  7. — Simplicity,  Reticence, 
Unity,  &c. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

AIondAy,  Feb.  14  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Hugh  Stannus,  “The  Principles  of  Design  in 
Form.”  (Lecture  I.) 

Imperial  Institute,  South  Kensington,  8|  p.m.  Lieut. 
J.  P.  Mackesy,  “ Sierra  Leone.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8|  p.m. 

Medical,  ii,  Chandos-street,  W.,  8|  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Prof.  John  Milne,  “Geological  Changes  beneath 
the  Ocean.” 

Tuesday,  Feb.  15. ..Royal  Institution,  Albemarle-street,  W., 
3 p.m.  Prof.  E.  Ray  Lankester,  “The  Simplest 
Living  Things.”  (Lecture  V.) 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  Mr.  P.  M.  Crosthwaite,  “ The  Stability  of 
Channels  through  Sandy  Estuaries.” 

Statistical,  in  the  Theatre  of  the  United  Service 
Institution,  Whitehall,  S.W.,  5 p.m.  Mr.  Edwin 
Caniian,  “Demographic  Statistics  of  the  United 
Kingdom  : Their  Want  of  Correlation  and  other 
Defects.” 

Pathological,  20,  Hanover-square,  W.,  8J  p.m. 

Photographic,  12,  Hanover-square,  W.,  8 p.m.  Mr. 
Wallace  L.  Crowdy,  “ Process  Reproduction  from 
an  Editor’s  Point  ofVicw.” 
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Zoological,  3,  Hanover-square,  AV  , 8^  p.m.  i.  Mr! 

. W.  P.  Pycraft,  “The  Osteology  of  the  Stcgano 
podes.”  2.  Dr.  W.  G.  Ridewood,  “The  Skelotoi 
of  the  Regenerated  Limbs  of  the  Midwife-Toac 
(Aiyfes  obstetricansJF  3.  Mr.  G.  A.  Boulengorit 
“ Description  of  a New  Sea-Snake  from  Borneo.’' 
Wednesday,  Feb.  16.. .SOCIETY  OF  ARTS,  John-street 
Adelphi,  W.C.,  8 p.m.  Mr.  J.  F.  Iselin,  “Tht 
Protection  of  Industrial  Property.” 
Meteorological,  25,  Great  George-street,  S.AV, 

7 p.m.  I.  Mr.  Edward  Mawley,  “ Report  on  th< 
Phonological  Observations  for  1897.”  2.  Mr.  Johr 
Hopkinson,  “Monthly  and  Annual  Rainfall  in  tlu 
British  Empire,  1877  to  1896.” 

Microscopical,  20,  Hanover-square,  W.,  8 p.m 
Mr.  T.  C.  AVhite,  “Micro-crystallography.”  2 
Exhibition  of  miscellaneous  Lantern  Slides  by  Mr. 
J.  E.  Barnard. 

Patent  Agents,  19,  Southampton-buildings,  AV.C. 
7J  p.m.  1.  Discussion  on  the  President’s  Opening 
Address.  2.  Mr.  G.  B.  Ellis,  “The  Merchandise 
Alarks  Act — Ten  Years’  Experience.” 
MiningandMetallurgy,  Geological  Museum,  Jermyn 
street,  S.W.,  8 p.m.  i.  Mr.  AVm.  Frechcville 
“ Notes  of  a Visit  to  the  Gold  Miues  of  Kalgoorlie 
Western  Australia.”  2.  Mr.  AA^m.  Teague 
“ Notes  on  Shaft  Sinking.’’  3.  Mr.  AV.  AVybergh 
“ Diamond  Drilling  in  the  Transvaal.” 

Thursd.w,  Feb.  17...  SOCIETY  OF  ARTS  (East  Con- 
ference-hall, Imperial  Institute,  South  Kensington 
S.W.),  4J  p.m.  (Indian  Section.)  Dr.  Herben 
Mills  Birdwood,  “The  Plague  in  Bombay.” 
Royal,  Burlington-house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  8J  p.m. 

Linnean,  Burlington-house,  AV.,  8 p.m.  i.  Mr.  F 
N.  Williams,  “The  genus  Arenaria.”  2.  Air 
G.  S.  West,  “The  Histology  of  the  Salivary  anc 
Other  Glands  of  the  Colubridee.'" 

Chemical,  Burlington  - house,  W.,  8 p.m.  i 

Air.  J,  T.  Cundall,  “ Some  Lecture  Experiments.’ 
2.  Alessrs.  W.  A.  Shenstone  and  W.  T.  Evans 
“ Observations  on  the  Influence  of  the  Silen’ 
Discharge  of  Electricity  on  Atmospheric  Air.” 
London  Institution,  Finsbury-circus,  E.C.,  6p.m.  Air 
Augustus  Birrell,  “ Commercial  Aspects  of  Fraud.’ 
Royal  Institution,  Albemarle-street,  AV.,  3 p.m 
Dr.  J.  P.  Richter,  “ Some  Italian  Pictures  at  the. 
National  Gallery.”  (Lecture  II.) 

Historical,  28,  Jermyn-street,  S.AV.,  5 p.m.  Annua 
Aleeting. 

Numismatic,  22,  Albemarle-street,  W.,  7 p.m. 
Camera  Club,  Charing-cross-road,  W.C.,  8|  p.m 
Air.  Grant  Allen,  “ The  Adoration  of  the  Alagi.” 
Frid.4.y,  Feb.  18. ..Royal  Institution,  Albemarle-street,  8 p.m 
Weekly  Aleeting.  9 p.m.  Prof.  L.  C.  Aliall,  “A) 
Yorkshire  Aloor.” 

Quekett  Alicroscopical  Club,  20,  Hanover-square 
AV.,  8 p.m.  Annual  Meeting. 

Geological,  Burlington-house,  W.,  3 p.m.  Annua 
Aleeting. 

Saturday,  Feb.  19... Royal  Institution,  Albemarle-street,  A\’’ 

3 p.m.  Air.  William  H.  Hadow,  “The  Structure] 
of  Instrumental  Alusic.”  (Lecture  II.) 


Correction. — Sir  George  Birdwood  writes 
“ There  are  one  or  two  typographical  and  clerical' 
errors  in  my  memorandum  of  last  week  I should  lihe| 
to  correct : — Section  A,  kavita — the  specific  Latir.| 
name,  correctly  printed,  is  ^/ephantum ; wagati,  foi 
‘ white  ’ substitute  yellow.  Section  D,  bhazya,  the 
specific  Latin  name,  correctly  printed,  is  spetrzbsa.”  ; 
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No.  2,361.  VoL.  XLVI. 

♦ 

FRIDAY,  FEBRUARY  i8,  1898. 


All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adeiphi,  London,  IKC. 


Notices. 


CANTOR  LECTURES. 

On  Monday  evening-,  14th  inst.,  Mr.  Hugh 
Stannus,  F.R.I.B.A.,  delivered  the  first 
lecture  of  his  course  on  “The  Principles  of 
Design  in  Form.” 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


Proceedings  of  the  Society. 

♦ 

TENTH  ORDINARY  MEETING. 

Wednesday,  Feb.  16,  1898;  Sir  Frederick 
Bramwell,  Bart.,  D.C.L.,  F.R.S.,  Vice- 
President  of  the  Society,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society: — 

Atkinson,  Alexander,  Camp,  via  Jammu,  Kashmir, 
India. 

Purnell,  Arthur  Edward,  123,  Harbut-road,  New 
Wandsworth,  S.W. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  ; — 

Bagley,  Frederick  Roberts,  State  Railways,  Ran- 
goon, Burma. 

Baker,  Charles  John  Seymour,  47,  Redcliffe-square, 
South  Kensington,  S.W. 

Pi-ingle,  Hon.  John,  M D , Cape  Clear,  Clonmel 
P.O.,  Jamaica. 

Pym,  Douglas,  Belle  Vue  .Studio,  Strcatham,  S.W. 
Smith,  Vere,  St.  Dunstan’s  College,  Catford,  .S.E. 
Wells,  Commander  Lionel,  R.N.,  Fire  Brigade 
Headquarters,  Southwark,  S.E. 

Wirtz,  Dr.  Quirin,  M.A.,  28,  Great  Ormond-street, 
W.C. 

Wright,  John,  junr.,  3,  Surbiton  Park-terrace, 
Kingston-on-Thames. 

The  paper  read  was — 


THE  PROTECTION  OF  INDUSTRIAL 
PROPERTY. 

By  J.  F.  Iseun. 

The  subject  with  which  I propose  to  deal  is 
one  of  no  small  importance.  Yet  it  has 
hitherto  attracted  so  little  attention  in  this 
country  that  the  title  which  I have  given  to 
this  paper  is  not  one  which  is  generally  known 
or  understood,  although  it  has  been  officially 
recognised  by  the  Government  of  the  country 
in  treaties  to  which  Great  Britain  is  a 
party. 

The  term  “ Industrial  Property,”  like  many 
other  general  terms,  is  a French  one.  It 
expresses  a conception  which  exists  indeed  in 
this  country,  but  for  which  no  generally 
accepted  name  has  yet  arisen. 

There  is  a class  of  legal  rights  whose 
importance  is  almost  wholly  modern,  which 
includes  the  right  of  an  inventor  to  the  fruits 
of  his  invention,  of  an  author  or  artist  to  the 
work  of  literature  or  art  which  he  has  pro- 
duced, of  a trader  to  the  mark  which  he  uses 
to  distinguish  his  goods,  or  to  the  name  and 
goodwill  of  the  business  which  have  been 
made  valuable  by  his  skill  and  industry,  and 
those  of  his  partners  and  predecessors.  These 
rights  are  in  every  respect  analogous  to 
ordinary  rights  of  property,  except,  perhaps, 
that  there  is  no  material  object  to  which  they 
relate. 

These  rights  are  in  French  law  comprised 
under  the  head  of  intellectual  property 
{^Iropriete  intellect uelle),  and  this  again  is 
divided  into  literary  and  artistic  property  on 
the  one  hand,  and  industrial  property  on 
the  other.  The  first  of  these  corresponds 
almost  exactly  with  wFat  is  called  in  England 
copyright,  except  that  copyright  in  designs 
intended  for  manufacturing  and  industrial 
purposes  would  in  France  come  under  the 
head  of  industrial  property.  The  French 
classification  has  made  its  way  over  the 
continent  of  Europe  and  is  not  without  in- 
fluence in  this  country  also,  because  it  is 
observed  in  the  international  treaties  upon  the 
subject.  Literary  and  artistic  works  are  pro- 
tected by  the  Berne  Convention  of  1887,  whilst 
patents,  trade  marks,  and  designs  depend  upon 
the  Paris  Convention  of  1883,  together  with 
certain  amendments  made  to  it  at  Madrid  in 
i8qi.  The  subject  of  this  paper  is  the  latter 
only — that  is  to  say,  patents,  trade  marks,  de- 
signs, and  certain  other  rights  of  the  same  kind. 
And  I intend  to  consider  the  subject  almost 
entirely  from  an  international  point  of  view. 
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The  subject  can  be  conveniently  dealt  with 
in  an  historical  manner.  The  practice  of  secur- 
ing the  fruits  of  an  invention  to  the  inventor 
by  giving  him  an  exclusive  right  to  use  it  was 
introduced,  I believe,  by  the  Tudor  kings  of 
England.  The  use  which  was  made  of  the 
power  of  granting  patents  by  Queen  Elizabeth 
and  by  James  I.  led  to  a very  severe  struggle 
between  the  Crown  and  Parliament,  which  was 
finally  settled  in  1621  by  the  passing  of  the 
Statute  of  Monopolies,  whereby  it  was  declared 
that  “ all  monopolies  and  all  commissions 
grants  licenses  charters  and  letters  patent 
heretofore  made  or  granted  ...  of  or  for  the 
sole  buying  selling  making  working  or  using 
of  anything  . . . are  altogether  contrary  to 
the  laws  of  this  realm  ; ” but  an  exception  was 
made  in  favour  of  “letters  patent  and  grants 
of  privileges  for  the  term  of  fourteen  years  or 
under,  hereafter  to  be  made,  of  the  sole  working 
or  making  of  any  manner  of  new  manufactures 
within  this  realm,  to  the  true  and  first  inventor 
and  inventors  of  such  manufactures,  which 
others  at  the  time  of  making  such  letters  patent 
and  grants  shall  not  use.” 

This  provision  is  the  basis  of  our  existing 
Patent-law.  In  consequence  of  the  point  of 
view  which  I am  taking,  it  is  necessary  to 
point  out  that  the  law  has  always  been 
interpreted  in  a strictly  national  manner,  so 
that  the  person  who  introduces  a new  manu- 
facture into  the  country  is  regarded  as 
entitled  to  a patent  for  it,  even  though  it  be 
admitted  that  the  actual  invention  has  been 
made  in  a foreign  country  by  someone  else. 

The  protection  of  trade  marks  was  intro- 
duced by  the  Courts  about  the  beginning  of 
this  century  ; that  of  designs  was  created 
by  Act  of  Parliament  in  1787.  Numerous 
Acts  of  Parliament  were  subsequently  passed 
dealing  with  all  these  subjects,  and  the  whole 
law  dealing  with  them  all  was  consolidated 
and  amended  by  the  Patents,  Designs,  ^^nd 
Trade  Marks  Act  of  1883.  The  other  parts  of 
industrial  property  have  all  come  into  special 
prominence  during  the  last  few  years,  and  have 
been  regulated  partly  by  the  decisions  of  the 
Courts,  and  partly  by  Acts  of  Parliament,  the 
most  important  of  which  is  undoubtedly  the 
Merchandise  Marks  Act,  1887. 

The  reason  which  has  made  these  subjects  of 
special  importance  during  the  present  century 
is  the  great  growth  of  commerce  and  manufac- 
tures which  began,  roughly  speaking,  about 
the  middle  of  the  last  century.  But  the  move- 
ment for  securing  rights  of  industrial  property 
for  foreigners  dates  back  only  about  a quarter 


of  a century.  The  first  impulse  was  given  in 
1873.  In  that  year  a Congress  was  held  at 
Vienna  on  the  occasion  of  the  International 
Exhibition,  which  appointed  a committee  to 
work  for  the  realisation  of  the  principles  which 
had  been  then  laid  down.  At  a subsequent 
Congress,  which  was  held  in  connection  with 
the  Paris  Universal  Exhibition  of  1878,  a 
project  for  the  formation  of  an  International 
Union  for  the  Protection  of  Industrial  Property 
was  brought  forward  by  the  Austrian  Society 
of  Architects  and  Engineers.  The  Congress 
appointed  a Permanent  Commission  to  con- 
sider the  project,  and  the  French  section  of  the 
Permanent  Commission  produced  a draft  which 
was  laid  before  a diplomatic  conference  con- 
vened by  the  French  Government  in  1880,  and 
served  as  the  basis  of  the  Treaty  of  Union, 
which  was  signed  by  ii  Powers  (Belgium, 
Brazil,  France,  Guatemala,  Italy,  the  Nether- 
lands, Portugal,  Salvador,  Servia,  Spain,  and 
Switzerland)  in  1883.  The  scope  of  the  Union 
has  since  been  widened  by  the  adhesion  of 
numerous  other  States  (Great  Britain,  Tunis, 
and  San  Domingo  in  1884,  Sweden  and  Norway 
in  1885,  the  United  States  in  1887,  and  Den- 
mark in  1894),  so  that  it  may  now  be  said  that 
the  only  great  States  which  still  remain  outside 
it  are  Germany,  Austria,  and  Russia,  and  of 
these  Austria  last  year  gave  notice  of  her 
intention  to  become  a member  of  the  Union. 

It  will  not,  I think,  serve  any  good  purpose  to 
give  here  the  provisions  of  the  Paris  Convention 
in  full,  but  it  is  necessary  to  give  a short 
account  of  its  main  provisions. 

It  begins  by  constituting  the  States  which 
are  parties  to  it  into  a Union,  which  any  State 
is  entitled  to  join  by  giving  notice  to  the  Swiss 
Government.  It  is  next  provided  that  the 
subjects  or  citizens  of  any  State  which  is  a 
member  of  the  Union  shall  enjoy  in  all  the 
other  contracting  States  all  the  advantages 
which  the  law  of  that  country  gives  to  natives 
as  regards  patents  for  inventions,  industrial 
designs  or  models,  trade  marks,  and  trade 
names.  This  is  carried  out  by  giving  to  any 
person  who  applies  for  a patent,  or  registers  a 
design  or  trade  mark,  a certain  period  (which 
is  six  months  in  the  case  of  patents,  and  three 
in  those  of  designs  and  trade  marks)  during 
which  he  enjoys  a right  of  priority,  and  cannot 
be  anticipated,  or  have  his  right  destroyed,  by 
the  acts  of  other  persons.  The  working  of  this 
provision  may  be  shown  by  a simple  example. 
A man  patents  an  invention  in  France.  Shortly 
after  someone  else  takes  out  a patent  for,  or 
works,  the  invention  in  this  country.  The  acts 
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of  the  second  inventor  will  not  be  any  obstacle 
to  the  grant  or  to  the  validity  of  a patent  in 
England  to  the  original  inventor,  provided  he 
makes  application  before  the  period  of  six 
months  has  expired. 

To  meet  the  very  harsh  laws  relating  to  the 
working  of  patents  which  exist  in  many 
countries,  it  is  provided  that  patentees  shall 
be  entitled  to  import  patented  articles  into  the 
country  where  the  patent  has  been  granted 
I without  liability  to  the  forfeiture,  which  the  law 
! sometimes  decrees,  as  in  France.  On  the 
other  hand,  the  compulsory  working  clause — of 
the  existence  of  which  on  the  Continent  so  much 
complaint  is  made  in  this  country  and  in  the 
United  States — is  left  unaffected. 

As  regards  trade  marks,  it  is  provided  that 
they  shall  be  admitted  for  registration  and  pro- 
tection in  every  State  of  the  Union,  “in  the 
form  originally  registered  in  the  country  of 
origin.”  This  article,  and  the  preceding  one 
— which  deals  with  the  compulsory  working  of 
patents — have  been  the  subject  of  much  diffi- 
culty and  controversy  ever  since  the  convention 
was  signed.  I mention  this  here,  shortly, 
because  I intend  to  return  to  the  subject 
later. 

It  is  further  provided  that  trade  marks  shall 
be  protected  in  every  country  of  the  Union 
without  any  necessity  for  registration  ; whilst 
all  goods  falsely  or  unlawfully  bearing  a trade 
name  or  trade  mark,  or  the  name  of  a place 
with  the  addition  of  a fictitious  trade  name, 
or  one  borrowed  with  a fraudulent  intention, 
are  liable  to  seizure  upon  importation  into  a 
State  of  the  Union. 

Finally,  the  contracting  States  undertake 
to  grant  temporary  protection  to  patentable 
inventions,  industrial  designs  and  models,  and 
trade  marks,  which  are  shown  at  an  inter- 
national exhibition  in  their  territory,  and  to 
establish  a special  government  department 
of  industrial  property,  and  an  office  for  the 
publication  of  patented  inventions,  designs, 
and  trade  marks.  A central  office  was  created 
at  Berne,  under  the  supervision  of  the  Swiss 
Government,  for  the  purpose  of  collecting  and 
publishing  information  of  all  kinds  relating 
to  industrial  property.  The  creation  of  this 
central  office  is  perheps  not  the  least  valuable 
result  produced  by  the  convention  of  Paris. 
It  publishes  a monthly  journal,  La  Projriete 
Industrielle^  which  contains  most  valuable 
information,  and  it  is  at  the  present  time 
engaged  in  publishing  a collection  of  all  the 
industrial  property  laws  of  the  world. 

The  Convention  provided  for  periodical 


Conferences  to  revise  and  amend  it.  Three 
of  these  have  been  held  up  to  the  present. 
The  first,  which  was  held  at  Rome,  in  1886, 
led  to  no  result,  and  the  amendments  which 
were  carried  after  much  discussion  and  differ- 
ence of  opinion,  were  not  ratified  by  the  Govern- 
ments of  the  contracting  States. 

The  next,  which  met  at  Madrid  four  years 
after,  was  more  successful.  It  produced  four 
protocols.  One  was  not  ratified  on  account  of 
the  great  opposition  which  it  met  in  several 
States.  Another  has  not  yet  been  ratified  by 
Servia  and  San  Domingo  and  has,  therefore, 
not  yet  come  into  force.  A third  relates  to  the 
substitution  of  a single  registration  at  Berne 
for  the  many  registrations  which  would  other- 
wise be  necessary  in  order  to  obtain  complete 
legal  protection  for  a trade  mark  in  all  the 
States  of  the  Union.  This  is  a mere  question 
of  administrative  machinery,  with  which  it  is 
not  necessary  for  us  to  concern  ourselves,  more 
particularly  as  for  special  reasons  this  country 
has  hitherto  been  unable  to  become  a party  to 
it.  The  fourth,  which  is  usually  referred  to  as 
the  Madrid  arrangement,  will  require  a little 
more  consideration.  This  relates  to  what  are 
called  “false  indications  of  origin  ” on  goods — 
a subject  which  occupies  a large  place  in  the 
much  discussed  Merchandise  Marks  Act  of 
1887.  It  provides  that  all  goods  bearing  an 
indication  of  origin  which  falsely  describes  any 
of  the  contracting  States  or  a place  situated 
in  one  of  them  as  the  place  of  origin  of  the 
goods  shall  be  liable  to  seizure  upon  intro- 
duction into  any  of  the  contracting  States.  But 
it  is  provided  that  a seller  shall  not  be  pre- 
vented from  placing  his  name  or  address  on 
goods  which  come  from  a country  different  from 
that  of  sale,  provided  he  at  the  same  time  clearly 
states  where  the  goods  actually  come  from. 
There  is  also  an  exception  as  regards  place 
names  which  have  become  mere  generic  desig- 
nations, and  have  thus  ceased  to  be  understood 
as  indicating  the  place  of  origin  of  the  goods — • 
as,  for  example,  Russian  leather,  Epsom  salts, 
Brussels  carpets.  It  is  left  to  the  Courts  of  the 
different  countries  to  decide  which  these  are, 
but  by  a remarkable  inconsistency,  which  is 
probably  destined  to  give  rise  to  a good  many 
difficulties,  it  is  specially  stated  that  “ regional 
appellations  relating  to  the  products  of  the 
vine  ” shall  not  be  liable  to  be  considered  as 
generic  designations,  but  must  always  be  con- 
sidered as  indicating  the  origin  of  the  wines  or 
spirits  to  which  they  are  applied.  On  account, 
probably,  of  the  stringency  of  these  provisions, 
this  protocol  was  signed  only  by  seven  Powers— 
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Brazil,  France,  Great  Britain,  Portugal,  Spain, 
Switzerland,  and  Tunis. 

The  last  of  these  Conferences  was  held  at 
Brussels  in  December  of  last  year.  The  result 
of  its  deliberations  has  not  yet  become  generally 
known.  I have  applied  to  the  Foreign  Office 
for  information,  but  have  not  yet  received  a 
definite  reply.  From  another  source  it  has  come 
to  my  knowledge  that  four  subjects  of  special 
importance  and  difficulty  have  been  reserved 
for  further  discussion  at  a later  meeting  of  the 
conference,  which  is  to  be  held,  if  possible,  in 
the  course  of  the  present  year.  These  are  : 
the  right  of  priority,  the  compulsory  working 
of  patents,  the  conditions  of  registration  of 
foreign  trade  marks,  and  what  is  called  on 
the  Continent  of  Europe,  and  in  the  United 
States,  “unfair  competition,”  although  the 
name  has  not  yet  found  acceptance  in  this 
country.  The  term  is  applied  to  all  those 
numerous  cases  where  a trader  attempts 
to  appropriate  or  to  destroy  a part  of  the  good- 
will of  a rival’s  business,  the  results  of  his 
skill  and  industry,  without  directly  using  either 
his  name  or  his  trade  mark. 

Whilst  the  Governments  were  thus  pro- 
gressing, private  individuals  were  not  idle. 
Congresses  were  held  at  the  Paris  Exhibition 
of  1889  and  the  Chicago  Exhibition  of  1893, 
but  they  appear  to  have  dealt  rather  with 
general  principles  than  with  practical  details, 
and  but  little  seems  to  have  resulted  from  their 
deliberations. 

A more  important  movement  arose  in 
Germany  and  Austria,  and  it  is  to  this  that  I 
desire  to  direct  special  attention.  It  had 
occurred  to  some  people  in  these  countries 
that  it  was  undesirable  for  them  to  continue  to 
remain  outside  the  Union.  Societies  for  the 
Protection  of  Industrial  Property  were  founded 
in  Germany  and  Austria,  and  at  a conference 
of  these  societies  which  was  held  at  Berlin  in 
October,  1896,  it  was  decided  that  an  Inter- 
national Association  should  be  formed,  on  the 
model  of  the  International  Literary  and  Artistic 
Association,  which  brought  about  the  Berne 
Copyright  Convention,  for  the  purpose  of 
holding  periodical  Congresses  for  discussion, 
and  of  working  for  the  extension  and  improve- 
ment of  the  existing  Union  and  its  treaties. 

For  this  purpose  negotiations  were  entered 
into  with  some  of  the  most  influential  persons 
interested  in  the  matter  in  England,  ITance, 
and  other  countries,  and  a meeting  was 
held  at  Brussels  in  May  of  last  year,  at 
which  the  Association  was  definitely  con- 
stituted and  provided  with  an  executive  com- 


mittee. The  first  Congress  of  the  Association 
was  held  at  Vienna  in  October,  and  was 
attended  by  a large  number  of  persons,  in- 
cluding representatives  of  the  French,  Ger- 
man, Austrian,  Belgian,  and  United  States 
Governments,  as  well  as  of  seventeen  Con- 
tinental Chambers  of  Commerce  and  many 
trade  societies  of  great  importance.  I under- 
stand that  the  proposals  which  were  adopted 
by  the  Congress  were  laid  before  the  Diplo- 
matic Conference  which  met  in  Brussels,  and 
were  to  a great  extent  accepted.  This  Associa- 
tion, which  was  founded  less  than  a year  ago, 
now  numbers  about  400  members.  It  has  up 
to  the  present  not  met  with  much  success  in 
this  country,  although  it  already  includes  some 
of  the  principal  members  of  the  Bar  who  are 
interested  in  these  questions,  and  many  of 
the  principal  patent  agents. 

I am  persuaded  that  it  has  only  to  be  better 
known  to  show  the  great  service  which  it 
should  be  capable  of  doing  in  this  country, 
where  all  matters  connected  with  trade  and 
commerce  are  always  certain  of  receiving  full 
and  careful  consideration. 

It  has  been  decided  to  hold  the  next  Con- 
gress of  the  Association  in  London  at  the 
beginning  of  June.  I have  here  several 
copies  of  the  programme,  which  I shall  be 
glad  to  give  to  any  one  who  is  sufficiently 
interested  in  the  matter. 

I should  like,  in  conclusion,  to  give  you 
one  or  two  instances  of  the  manner  in  which, 
as  I think,  the  Association  and  its  Congresses 
may  be  of  use  to  British  trade. 

There  is,  first  of  all,  the  question  of  the  com- 
pulsory working  of  patents,  to  which  I have 
before  alluded.  In  all  countries,  except  Eng- 
land and  the  United  States,  it  is  provided  with 
more  or  less  stringency  in  the  Patent  law  that 
every  patented  invention  shall  be  worked  in 
the  country  by  the  production  of  the  patented 
article  there,  under  penalty  of  forfeiture  if  the 
invention  is  not  worked  within  a certain  period, 
generally  two  years.  In  France  the  law  is 
even  more  severe,  and  the  patentee  is  for- 
bidden to  import  the  patented  article  into  the 
country  under  penalty  of  forfeiture.  In  this 
country,  on  the  other  hand,  we  have  only  a 
provision  empowering  the  Board  of  Trade  to 
grant  licenses  to  manufacturers  to  work 
patented  inventions  upon  such  conditions  as 
the  Board  consider  just,  but  only  in  cases 
which  are  so  infrequent  that,  I believe,  hitherto 
it  has  never  been  found  necessary  to  make  use 
of  the  provision.  The  most  severe  part  of  the 
French  law,  that  relating  to  the  importation  of 
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patented  articles,  has,  no  doubt,  been  modified 
by  the  Convention  of  Paris ; but  the  com- 
pulsory working-  clause  remains  intact  both 
there  and  elsewhere.  It  is  not  unnatural, 
therefore,  that  manufacturers  in  this  country 
consider  themselves  unfairly  treated.  Of 
late,  opinion  in  Germany  has  become  more 
and  more  opposed  to  the  maintenance  of 
the  compulsory  workings  clause  ; and  a 
very  able  paper  in  this  sense  was  read 
last  year  at  the  Vienna  Congress  by  Mr. 
von  Schiitz,  of  the  firm  of  Krupp.  The  opposi- 
tion to  its  abolition  comes  from  France  and 
Belgium  ; yet,  even  there,  it  shows  signs  of 
giving  way.  The  Association  seems  to  me 
well  qualified  to  help  on  the  movement  for 
the  suppression  of  the  compulsory  working 
clause. 

In  regard  to  trade  marks  a position  of  no 
less  difficulty  has  arisen.  Although  the  Con- 
vention of  Paris  provides  that  trade  marks,  if 
duly  registered  in  the  country  of  origin,  shall 
be  admitted  for  registration  and  protection  in 
every  country  of  the  Union  in  the  form 
originally  registered,  and  the  Act  of  1883  was 
supposed  to  be  sufficient  to  carry  it  into  effect, 
it  was  found  that  the  Comptroller  refused  to 
register  foreign  trade  marks  unless  they  were 
such  as  the  English  law  would  recognise  as 
trade  marks.  On  two  occasions  an  appeal 
was  taken  to  the  Courts,  and  on  each  occasion 
the  Courts  upheld  the  decision  of  the  Comp- 
troller. He  therefore  continues  to  exercise  his 
jurisdiction  in  accordance  with  the  anomalous 
standards  of  the  English  law,  and  it  is  com- 
monly said  in  France  that  we  have  not  carried 
out  the  obligations  into  which  we  entered  by 
signing  the  Convention.  The  Congress  of  the 
Association  should  provide  an  opportunity  for 
the  discussion  of  the  subject,  and  for  the 
arrangement  of  measures  for  removing  the 
injustice,  if  one  exists. 

1 hirdly,  there  is  the  question  of  false  indica- 
tions of  origin,  or  as  we  prefer  to  call  them, 
false  trade  descriptions.  It  is  a matter  of 
common  knowledge  that  in  1887  Parliament 
passed  an  Act  of  great  stringency  for  the 
purpose  of  dealing  with  fraudulent  descriptions 
of  this  kind.  Everyone  knows  also  that  some 
people  think  that  we  are  paying  rather  heavily 
for  our  (as  they  think)  excessive  honesty  in 
this  matter,  and  that  a very  fierce  controversy 
has  recently  taken  place  on  the  subject. 
Nevertheless  everyone  is  agreed  that  we 
should  do  our  best  to  induce  foreign  nations 
to  imitate  us.  The  Congress  will  provide  an 
opportunity  of  showing  them  how  far  we  are 


ahead  of  them,  and  of  expressing  our  wishes 
that  they  should  follow  our  example.  In  the 
meantime,  how'ever,  we  have  entered  into  a 
treaty  by  which  we  are  bound  to  protect  the 
names  of  wine-growing  countries  against 
appropriation  by  persons  outside  them.  Does 
our  law  ensure  that  this  shall  be  done  ? 
There  are  circumstances  which  seem  to  cast 
a doubt  upon  it.  Here  again  the  Congress 
will  afford  an  opportunity  for  discussion  and 
consideration. 

In  1896,  Germany  passed  a law  on  the 
subject  of  unfair  competition.  The  law  con- 
tains a section  providing  that  its  benefits  may 
be  extended  to  the  members  of  States  which 
protect  Germans  by  means  of  a notice  in  the 
Imperial  Bulletin  of  Laws.  There  is  no  ques- 
tion that  our  law  protects  Germans,  and  that  it 
is  not  less  favourable  than  the  German  law. 
Yet  the  necessary  notice  extending  protection 
to  British  subjects  has  not  yet  been  issued,  and 
one  may  perhaps  believe  that  it  is  meant 
to  be  purchased  by  some  further  concession. 
The  Association  should  afford  the  means  of 
bringing  pressure  to  bear  upon  the  German 
Government. 

Again,  suppose  a patentee  has  an  invention 
whicTi  he  wishes  to  patent  in  many  countries. 
He  will  find  that  he  has  to  comply  with 
numerous  and  different  sets  of  rules  as  to  the 
form  in  which  his  application  must  be  made, 
and  often  he  will  have  to  send  in  drawings  of 
the  same  invention  reduced  to  many  different 
scales.  Much  may  be  done  to  help  the 
inventor  by  making  these  regulations,  par- 
ticularly as  to  drawings,  uniform — and  this 
is  the  sort  of  work  which  the  Association 
will  do.  Or  an  inventor’s  position  as 
regards  searching  for  anticipations  of  his 
invention  may  be  improved  by  making  the 
classification  of  patents  in  different  countries 
uniform — and  this  also  the  Association  pro- 
poses to  do. 

These  matters  seem  to  me  of  some  im- 
portance. There  must  be  many  people 
to  whom  the  proper  decision  of  questions 
such  as  these  is  a matter  of  great 
pecuniary  interest.  These  are  but  a few  of 
the  questions  which  are  open  for  discussion. 
I have  here  a list  of  some  more  in  the  pro- 
gramme of  the  Congress.  New  ones  are 
arising  every  day.  If  you  take  any  interest 
in  the  subject,  or  in  the  Association  and  its 
Congress,  I can  give  you  as  much  more 
information  as  you  please,  and,  may  I add, 
the  committee  of  the  Congress  will  be  glad 
of  all  the  assistance  you  can  give  it. 
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DISCUSSION. 

Mr.  Alexander  Siemejns  said  the  subject  of 
industrial  property  was  of  extreme  importance,  and 
no  doubt  the  International  Association  would  be  able 
to  do  a great  deal  of  good  work  in  elucidating  it.  One 
of  the  questions  which  required  discussion  was  that  of 
the  preliminary  examination  of  patents,  which  was 
insisted  upon  in  Germany  and  the  United  States. 
That  subject  was  well  dealt  with  by  Mr.  Abel  in 
his  address  as  President  of  the  Institution  of  Patent 
Agents  on  the  15th  December,  and  he  might  mention 
some  of  the  facts  then  brought  forward.  It  was  often 
said  that  the  granting  of  a patent  in  either  Germany  or 
the  United  States  was  a guarantee  to  the  inventor, 
and  that  a patent  in  either  of  those  countries  was 
more  valuable  than  an  English  patent.  Mr.  Abel, 
however,  produced  figures  which  were  very  significant, 
and  proved  in  fact  that  an  inventor  had  no  more 
guarantee  that  his  patent  was  valid  in  Germany  or 
America  than  he  had  in  England.  Taking  patents  which 
had  been  disputed  in  the  Courts,  during  the  year  1896, 
there  were  declared  void  in  England  43  per  cent.,  in 
Germany  42  per  cent.,  in  the  United  States  28  per 
cent.,  and  in  France  24  per  cent.  England  and 
Germany  w'ere  practically  equal,  and,  though  there 
was  a smaller  proportion  in  the  United  States,  it 
was  greater  than  in  France,  which  had  no  preliminary 
examination.  On  the  other  hand,  there  were  43,000 
patents  taken  out  in  the  United  States  in  1896, 
against  12,000  in  England,  and  5,000  in  Germany. 
The  preliminary  examination  was  a frightful  tax  on 
the  inventor,  both  in  time  and  money.  His  firm 
applied  for  a patent  in  the  United  States  in  1879, 
and  the  obstacles  and  delay  occasioned  by  the  Patent- 
office  dragged  it  on  until  about  three  years  ago,  when 
the  patent  was  finally  refused.  In  the  year  1896  there 
w'ere  12,530  patents  granted  in  England,  and  in  the 
same  year  26  were  disputed.  In  Germany,  in  the 
same  year,  5,410  were  granted,  and  102  w^ere 
disputed.  In  Germany,  therefore,  the  inventor  had 
no  more  certainty  of  his  patent  being  held  valid  than 
in  England,  and  he  was  delayed  for  a long  time,  on 
an  average  14  or  16  months.  With  regard  to  the 
Merchandise  Marks  Act  he  was  not  at  all  sure  that  it 
was  right  to  insist  on  the  country  of  origin  being 
marked  on  all  goods.  If  he  were  asked  to  supply  an 
article  and  procured  it  from  someone  else,  and  ex- 
amined it  and  passed  it  on,  he  contended  that  he 
conferred  the  “artistic  merit”  upon  it,  and  gave  his 
customer  a guarantee  that  the  article  had  the  required 
qualities.  Take  the  case  of  electric  insulators.  They 
were  made  at  potteries,  and  were  sent  to  his  works 
where  they  were  examined  electrically,  and  the  defec- 
tive ones  were  rejected,  only  good  ones  being  supplied 
to  a customer.  Faults  could  not  be  detected  simply 
by  inspection  nor  cheaply  enough  by  electrical  testing, 
unless  you  had  proper  appliances  and  skilled  work- 
men who  could  effect  a thorough  examination  in  a 
short  time.  Why  should  he  have  to  put  on  those 
insulators,  or  the  boxes  in  which  they  were  sent 


out,  the  information  where  he  got  them  ? It  had 
happened,  in  consequence  of  this  Merchandise  Marks 
Act,  that  some  customers,  seeing  they  were  obtained 
from  abroad,  had  gone  straight  to  the  manufacturer 
and  ordered  them.  They  had  done  that  once,  and 
then  come  back  to  him,  because  the  manufacturers 
themselves  did  not  know  how  to  test  the  in- 
sulators, and  could  not,  with  the  best  intentions  in 
the  world,  select  those  which  were  really  efficient. 
There  were  many  cases  where  the  same  principle 
applied ; where  the  much  abused  middleman  really 
added  some  valuable  quality  to  the  article  he  sold, 
and  by  compelling  him  to  indicate  the  place  of  origin, 
you  gave  his  rival  an  advantage  which  in  his  oi)inion 
was  not  just ; though  he  fully  agreed  that  every  fraud 
in  description  should  be  put  down. 

Admiral  Selwyn  said  he  spoke  as  an  official  of 
the  Paris  Congress  on  Industrial  Property,  being  a 
Vice-President  and  head  of  the  British  Section. 
He  strongly  objected  to  the  idea  of  compulsory 
working  of  an  invention.  He  might  have  an  in- 
vention for  a capstan  on  board  a ship;  was  he 
to  be  compelled  to  build  a ship  to  show  that 
capstan  } He  might  have,  as  the  late  Mr.  Longridge 
had,  an  invention  for  wire  guns ; was  he  to  make  a 
wire  gun  in  order  to  justify  his  claim  to  the  invention 
which  was  a mathematical  deduction  arrived  at  from 
long  study  } He  could  speak  more  feelingly,  perhajis, 
on  the  question  of  mining  and  metallurgy,  with  which 
he  had  been  conversant  for  the  last  twenty  years.  He 
had  an  invention  which  took  out  all  metals,  whatever 
their  nature  or  number,  from  their  ores.  Was  it 
necessary  for  him  to  own  a mine  in  order  to  secure 
it  } The  power  of  invention  might  be  defined  as  the 
prophecy  of  material  progress.  It  came  from  above. 
It  came  to  a variety  of  persons,  many  of  them  not 
educated,  many  thoroughly  deficient  in  the  germs  of 
practical  philosophy ; but  they  were  sent  to  forward 
the  material  progress  of  their  countiy,  and,  inci- 
dentally, of  the  whole  world  ; and  their  function  was 
a most  important  one.  The  importance  of  this  ques- 
tion was  not  only  to  the  inventor  or  manufacturer,  but 
mainly  to  the  statesman.  If  the  statesman  were  able 
by  means  of  invention  to  see  capital  and  labour 
always  profitably  employed,  out  of  reduced  taxation 
he  could  get  increased  returns,  and  it  was  his  first 
business  to  see  that  the  inventor  was  not  only  pro- 
tected but  as  far  as  possible  fostered.  The  greatest 
scandal  that  ever  existed  in  regard  to  patents  was 
in  Great  Britain.  Any  number  of  men  could  go  on 
the  same  day  to  the  Patent  - office  with  the  same 
invention,  drawn  up  in  precisely  similar  language, 
and  each  would  get  a patent,  without  any  examina- 
tion whatever.  The  evil  to  the  inventor  was  the  last 
thing  to  think  of ; he  thought  of  the  injury  to  the 
State.  The  capitalist  would  not  invest  unless  he  had 
a good  title,  and  consequently  capital  and  labour  were 
not  profitably  employed.  Look  at  the  thousands  of 
workmen  and  thousands  and  thousands  of  pounds 
employed  in  the  cycle  industry  as  an  example 
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)f  the  benefit  to  a countiy  of  a new  industry  being 
■stal)lished.  It  was  a question  for  the  statesman, 
f eapital  and  labour  were  not  profitably  employed, 
low  he  was  to  get  his  taxes  to  keep  the  people 
:ontented,  and,  above  all,  how  he  was  to  get  votes. 
)ne  of  the  first  raisons  d'etre  of  any  Government 
vas  to  protect  property,  and  property  without 
•xception — the  poor  man’s  projierty  as  wxdl  as  the 
ieh  man’s,  in  fact  the  poor  men’s  interest 
vas  the  greatest,  because  there  were  so  many  more 
)f  them.  With  such  views  a very  different  idea  would 
)C  held  as  to  what  industrial  property  meant.  At  the 
nternational  Congress  in  Paris  a definition  xvas  given 
|)f  what  industrial  property  rested  upon,  and  it  was  put 
jii  very  few  words,  that  it  was  a common  right,  and 
ihat  the  law  did  not  create  it,  but  only  regulated  it. 
I^tarting  from  that  basis  they  did  not  come  to  very 
ivrong  conclusions.  They  said  a patent  ought  to  last 
nuch  longer,  because  if  any  property  ought  to  be 
irotected  that  which  enriched  the  State  ought.  On 
hat  view  the  statesman  would  say — how  shall  I obtain 
he  greatest  number  of  votes,  by  side  issues,  or 
»y  doing  that  which  is  evidently  for  the  benefit  of 
he  nation  } The  one  was  ephemeral  and  did  not 
ast ; the  other  way  gave  permanent  credit  to  the 
[Government  which  adopted  it,  and  it  could  increase 
,:s  army  and  navy  as  required,  because  it  knew 
low  to  do  it.  By  the  other  plan,  unfortunately 
lie  question  was  how  not  to  do  it.  He  could  not 
jieak  too  strongly  on  the  subject  of  congresses  such 
s Mr.  Iselin  had  spoken  of,  but  to  think  you  would 
ver  get  all  men  to  agree  in  one  view  was  to  ask 
00  much  of  human  nature.  It  would  be  a great 
liing  if  they  could  get  people  to  see  that  a Patent- 
iw  was  not  a monopoly  at  all,  and  had  nothing 
) do  with  monopoly.  It  was  simply  permission 
) do  a thing  under  the  obligation  of  payment  to 
lie  man  who  enabled  you  to  do  it.  When  com- 
ulsory  licenses  were  introduced  it  was  impossible 
) justify  the  idea  of  monopoly,  not  that  he  thought 
lem  a good  thing,  nor  apparently  did  the  public, 
>r  they  did  not  resort  to  them  and  very  few  were 
11  the  records.  In  the  United  States  there  were  ex- 
minations,  but  what  were  they  } You  had  a couple 
f patents  thrown  at  your  head  as  anticipations  ; you 
'camined  them  and  found  not  one  word  about  your 
uention  at  all.  You  sent  back  a mild  remonstrance 
) that  effect,  and  perhaps  ultimately  they  put  through 
Dur  patent  after  two  years  delay.  Their  examination 
id  not  give  any  authority  to  the  patent,  and  no 
liamination  could.  In  our  Patent-office  there  were 
3 examiners  at  good  salaries,  whose  jirincipal  merit 
as  that  they  did  not  examine.  There  might  be 
•eat  benefit  from  discussions  and  congresses  in 
■inging  about  a consensus  of  opinion,  but  he  longed 
> see  the  day  when  a statesman  should  arise  who 
ould  understand  the  importance  of  having  a good 
atent-law. 

Mr,  S.  Bromhead  said  the  examination  of  patents 
Germany  was  conducted  with  very  gieat  stringency. 


and  German  ideas  as  to  novelty  did  not  accord  with 
those  current  in  any  other  countr)’.  The  German 
Government  seem  to  have  adopted  a military  view  of 
inventions,  and  to  regard  those  which  came  from 
abroad  as  an  invasion  by  a foreign  foe.  Such  was  his 
experience  as  a patent  agent.  You  put  in  your 
application,  and  were  immediately  met  with  a refer- 
ence to  three  or  four  other  patents,  and  tohl  there 
was  no  novelty  in  yours.  When  you  answered  that 
objection,  you  were  met  with  another  batch,  and 
afterwards  with  a third  or  fourth,  many  of  them 
having  no  reference  whatever  to  the  invention  you 
sought  to  protect.  They  had  also  in  Germany  another 
system  which  they  called  an  Miisterschutz,  a kind  of 
minor  patent,  under  which  you  lodged  a model  and 
got  protection  for  a certain  time  without  any  exami- 
nation at  all.  It  was  not  of  much  value,  but  you  got 
a certain  amount  of  jmotection  and  took  your  chance 
of  whether  it  was  good  or  bad.  Admiral  Selwyn 
objected  to  a number  of  specifications  being  lodged 
on  the  same  day  and  accepted  without  examination, 
but  he  believed  it  was  the  practice  to  inform  an 
applicant  if  there  was  an  anticipation  known  to  the 
office.  Compulsory  working  was  a serious  objection  in 
foreign  countries.  He  had  a little  safety  lamp  which 
sold  for  IS.  The  inventor  had  to  work  the  patent 
in  Austria,  and  they  sent  over  patterns,  and  it 
cost  about  ^4  los.,  in  order  to  satisfy  the  law,  to 
make  the  article  which  in  this  country  was  made  for 
IS.  It  would  be  very  beneficial  if  there  were  more 
accord  between  the  ideas  of  different  countries  on 
these  matters,  and  he  hoped  something  in  that 
direction  would  result  from  the  congress  which  had 
been  spoken  of.  He  also  thought  that  any  country 
exacting  fees  from  patentees,  which  paid  the  expenses 
of  the  office  and  left  a large  surplus,  ought  to  give 
premiums  to  poor  inventors,  and  assist  them  to  bring 
out  valuable  inventions.  A man  who  brought  out  a 
new  industry  did  more  for  his  country  than  one  who 
managed  to  gain  an  important  victory. 

Mr.  Frank  S afford  said  he  should  like  to  empha- 
size what  had  fallen  from  Mr.  Siemens  with  regard  to 
the  Merchandise  Marks  Act.  The  provision  as  to  the 
country  of  origin  showed  the  danger  of  tinkering 
in  Parliament  a Bill  carefully  drafted.  That  provision 
was  introduced  in  the  Customs  portion  of  the  Bill  in 
Committee,  and  if  it  had  been  left  as  it  was  drawn  by 
the  promoters  it  would  simply  have  forbidden  fraudu- 
lent descriptions.  It  was  introduced  by  a certain 
section  who  were  anxious  to  protect  the  trader  of  this 
country,  but  it  had  tended  to  do  him  an  injury’.  Mr. 
Iselin  suggested  that  the  present  Act  did  not  reach 
regional  appellations  which  were  intended  to  be 
reached  by  the  international  arrangements  of  1891, 
but  he  could  hardly  agree  with  him  there ; if  there 
were  any  false  description  it  certainly  came  within  the 
Act.  He  understood  it  had  been  held  that  the  use  of 
the  term  “ port  ” by  itself  indicated  that  the  wine 
came  from  Oporto,  and  if  it  did  not  the  place  of  origin 
had  to  be  specified. 
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The  Chairman  said  in  1882  the  Society  of  Arts 
undertook  to  prepare  a Patent  Bill  which,  he  need 
hardly  say,  did  not  pass,  the  Government  pre- 
ferring to  carry  a measure  of  their  own.  He  still 
thought  the  Society’s  Bill  was  the  better  of  the 
two,  but  the  Bill  which  was  passed  was  a great  im- 
provement on  that  which  existed  before.  With 
respect  to  preliminary  examinations,  the  figures  given 
by  Mr.  Abel  were  very  striking,  showing  that  where 
there  Avas  strict  examination  the  patent  was  no 
more  valuable  than  where  there  was  none  at  all. 
Before  making  an  absolute  comparison,  however, 
one  would  require  to  know  whether  the  grounds  for 
rejection  were  in  all  cases  identical.  Before  the 
Society’s  Bill  was  drafted  many  meetings  were 
held,  and  they  consulted  all  the  leading  men 
of  the  day,  and  he  believed  he  was  right  in 
saying  that  their  unanimous  judgment  was  that  a 
preliminary  examination  into  utility  and  novelty  was 
undesirable,  certainly  so  as  regarded  utility.  It  was 
made  quite  clear  that  many  notoriously  useful  inven- 
tions, such  as  the  fish-joint  for  railways,  would  have 
been  condemned  on  the  score  of  utility  if  there  had 
been  an  examination.  As  to  novelty  he  might  repeat 
what  had  often  been  said  in  that  room,  that  when 
Sir  W illiam  Siemens  applied  in  Germany  for  a patent 
for  his  regenerative  furnace,  he  was  told  it  was  not 
new,  because  in  the  days  of  the  Crusades  hot  bricks 
were  used  for  the  purpose  of  storing  and  conveying 
heat.  With  regard  to  putting  names  on  goods  as  an 
indication  of  quality,  though  not  the  names  of  the 
maker,  he  happened  to  know  that  billiard  cues, 
bearing  the  name  of  a celebrated  billiard  player  as 
being — not  made — but  approved  by  him,  were  sold 
for  5s.  more  than  similar  cues  without  such  mark. 
It  had  been  remarked  that  there  was  no  risk  of 
property  being  endangered.  He  was  not  so  sure 
of  that.  There  was  an  institution,  of  which  he 
was  a member,  called  the  Liberty  and  Property 
Defence  League,  and  as  he  had  often  said  the  very 
fact  of  there  being  a league  with  such  a title  was 
evidence  that  something  was  wrong.  He  was  once 
asked  to  return  thanks  after  dinner  for  the  Houses 
of  Parliament,  and  he  did  not  at  all  like  the  job, 
because  he  had  such  fear  of  that  potent  body.  He 
never  came  out  of  his  door  in  Great  George-street  and 
looked  up  and  saw  the  lamp  burning  on  the  clock- 
tower  without  asking  himself  whose  liberty  of  contract 
was  being  interfered  with,  or  whose  property  was 
being  taken  away.  There  was  an  absolute  destruc- 
tion of  what  in  his  young  days  used  to  be  looked 
upon  as  property.  A dear  friend  of  his — now 
dead  — a celebrated  engineer,  told  him  that  he 
kept  all  his  investments  out  of  England,  as  there  was 
no  place  in  which  property  was  so  unsafe.  With 
regard  to  property  in  inventions,  it  was  entirely  to  the 
interest  of  the  community  that  such  property  should 
be  recognised.  As  Sir  William  Siemens  used  to  say, 
if  an  invention  were  lying  in  the  gutter,  it  would  pay 
the  community  to  make  it  over  as  a property  to  some- 
one who  would  foster  it,  and  promote  its  exercise ; 


for  without  an  OAvner,  you  did  not  get  that  promotion, 
It  was  to  his  mind  perfectly  clear  that  unless  propertji 
in  inventions  had  been  recognised,  ages  might  he 
passed  before  Ave  reached  the  condition  of  things  avc| 
noAv  enjoyed.  He  concluded  by  moving  a vote  o' 
thanks  to  Mr.  Iselin  for  his  paper. 

The  vote  of  thanks  having  been  carried, 

Mr.  Iselin,  in  reply,  said  he  did  not  defend  tin 
compulsory  Avorking  laAV,  and  hoped  it  Avould  be  tlr 
task  of  the  association  to  which  he  had  referred  to  ge 
it  abrogated  Avheieit  existed.  With  regard  to  marks  cj 
origin  on  Avine,  he  did  not  think  Mr.  Salford  quit 
appreciated  the  point.  It  Avas  provided  by  tli 
Madrid  arrangement  that  regional  appellations  con 
nected  Avith  the  products  of  the  vine  should  in  no  cas 
be  considered  generic  designations — in  other  AvordSi 
that  no  one  outside  the  districts  to  Avhich  those  name 
belonged  should  be  entitled  to  make  use  of  their 
It  Avas  not,  therefore,  open  to  any  one  in  Australi 
or  California  to  call  his  A\dne  Burgundy  thoug 
he  prefixed  the  name  Australia  or  California,  c 
anything  else.  Yet,  Australian  and  California 
Burgundy  Avere  ad\-ertised  and  sold  in  Englancj 
and  no  one  interfered  Avith  those  aaLo  did  so.  H 
said  therefore  that  at  least  it  seemed  doubtful  Avhethe 
our  laAV  carried  out  the  provisions  of  the  treaty.  Wit 
regard  to  the  point  raised  by  Mr.  Siemens  on  tl 
Merchandise  Marks  Act,  he  had  not  expressed  an 
opinion  himself;  he  merely  called  attention  to  tl 
fact  that  while  many  people  said  this  laAV  Avas  unju: 
and  unreasonable,  those  same  people  recomniende 
that  all  possible  means  should  be  taken  to  indue 
other  nations  to  introduce  the  same  laAV.  This  seeme 
to  him  an  inconsistency,  and  at  any  rate  the  subja 
Avas  w'orth  discussing. 


Miscellaneous. 

♦ 

SUGAR  AND  WINE  PRODUCTION  IN 
PERU. 

Among  the  agricultural  products  of  Pern,  cai, 
sugar  certainly  takes  the  first  place.  The  cultivatie 
of  the  sugar  cane  dates  back  to  the  earliest  period 
the  Spanish  rule.  The  first  canes  imported  can 
from  Mexico,  and  Avere  planted  in  the  valley  of  tl 
Huanuco,  and  the  cane-growing  district  gradual 
spread  until  it  extended  over  the  department  of  Piur 
then  it  gained  the  littoral,  and,  finally,  cane-groA\ir 
became  universal  throughout  the  countr}L  At  tl 
beginning  only  slaves  w^ere  employed,  and  during  t| 
War  of  Independence  the  sugar  industry  sutfered  ve| 
considerably,  OAving  to  the  falling  off  of  this  labor 
Towards  the  middle  of  the  present  century  an  impet 
was  given  to  the  industry  by  the  introduction  into  t 
country  of  numerous  Chinese  colonists,  and  the  plam 
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s were  again  \igorously  cultivated.  Judging  from 
istics  of  exports,  it  would  appear  that  the  sugar 
istry  is  in  a fairly  prosperous  condition,  for  it  is 
1(1  that  while  the  exports  amounted  to  44,700  tons 
1885,  they  exceeded  75,000  tons  in  1895.  M. 
jandro,  in  an  interesting  study  of  this  question 
ch  has  recently  appeared,  gives  the  following 
liculars  respecting  the  annual  production  of  the 
icipal  centres  of  cultivation : — Department  of 
la,  31,000  tons;  La  Libertad,  23,000  tons; 
nbayeque,  10,000  tons ; Huanuco  and  other 
lartments,  ir,ooo  tons;  total,  75,000  tons.  If, 
ependently  of  the  local  consumption,  the  exports 
1895  amounted  to  75,000  tons,  it  is  evident  that 
production  is  greatly  increasing.  In  certain  dis- 
ts,  particularly  in  Montana,  the  sugar  cane  isculti- 
ed  exclusively  for  the  distillation  of  “ tafia,”  a spirit 
tilled  from  molasses.  The  introduction  of  the  vine 
es  from  1555,  but  it  is  only  during  the  last  25 
rs  that  viticulture  has  commenced  to  attain  any 
y great  importance.  In  the  valley  of  Moquegua 
re  are  about  5,000  acres  under  vines,  producing 
lually  385,000  gallons  of  wine  and  550,000  gallons 
brandy.  The  valley  of  Chincha  (department  of 
lancavelica)  is  still  more  important  from  a viti- 
tural  point  of  view,  and  produces  990,000  gallons 
■.vine.  In  the  department  of  Ica,  the  production  of 
ndy  has  been  replaced  by  that  of  wine,  the  yield  of 
latter  being  about  550,000  gallons  annually.  At 
short  distance  from  Arequipa,  in  the  valleys  of 
or  and  Mages,  vineyards  have  been  ver}^  success- 
ly  established,  and  these  have  already  produced 
000  gallons  of  wine  and  1 76,000  gallons  of  brandy, 
e valleys  of  Locumba  Cinto,  Mirabe  and  Ilabaya, 
the  department  of  Tacna,  yield  88,000  gallons  of 
le,  and  are  celebrated  for  their  brandy,  of  which 
y produce  66,000  gallons.  From  the  south  the 
tivation  of  the  vine  has  extended  to  the  north. 
Magdalena,  in  the  department  of  Lima,  red  wines 
good  quality  are  produced,  and  the  yield  is  about 
000  gallons.  Notwithstanding  the  low  price  of 
■le,  the  industry  is  considered  a very  lucrative  one. 
the  south,  white  wines  are  produced  as  well  as  red 
les ; but  the  consumption  of  the  latter  is  much 
*ater.  The  red  wines  resemble  Macon  more  than 
rdeaux,  they  have  also  a certain  analogy  with  the 
le  of  the  north  of  Spain,  known  as  “ chacoli.”  The 
ite  wines  resemble  the  Andalusian  “ Manzanilla,” 
ile  the  Belgian  Consul  at  Lima  says  that  there  are 
:n  some  of  the  white  wines  which,  after  being  kept 
eral  years  in  bottle,  are  highly  appreciated,  and  are 
a good  sheny  flavour.  As  table  wines,  the  Peruvian 
)duct  suffers  under  the  disadvantage  of  being  con- 
cred  too  heady.  Up  to  the  present,  the  annual 
)ort  does  not  exceed  110,000  gallons,  which  are 
, isumed  in  the  neighbouring  countries. 


SWEDISH  IRON  AND  STEEL. 

Mr.  A.  G.  Ljungberg,  of  Falun,  Sweden,  com- 
inicates  to  the  Iro7i  ajid  Coal  Trades  Rex'iew 
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the  following  particulars  of  .Swedish  production  and 
exports  : — 

The  .Swedish  ironmasters  held  their  quarterly 
meeting  in  Orebro,  the  27th  ult.,  and  their  reports 
show  that  the  jwoduction  of  iron  and  steel  during 
1896  and  1897  has  been  as  follows  : — 


Jan.  I to  Dec.  31, 
1896. 

Metric  tons. 

Jan.  I to  Dec.  31, 
1897. 

[Metric  tons. 

Pig-iron 

488,400 

533.^00 

Charcoal-iron  blooms.. 

185,500 

189,000 

Bessemer-stecl  ingots.. 

1 1 5.300 

107,500 

Siemens-Martin  ingots 

135.300 

160,800 

The  figures  show  an  increased  make  in  pig  iron  of 
45,400  tons,  in  charcoal  iron  blooms  of  3,500  tons, 
and  in  Siemens-Martin  ingots  of  25,500  tons,  while 
there  is  a decrease  of  7,800  tons  in  the  output  of 
Bessemer  steel  ingots. 

The  furnaces  in  blast  or  working  during  the  last 
quarter,  October-December,  1897,  have  been  as 


under : — 

Blast  furnaces  in 

Charcoal  hearths  292 

Bessemer  converters 27 

Siemens-Martin  furnaces  ....  38 


The  export  of  iron  and  steel  of  all  kinds  for  1897 
amounted  to  274,900  tons,  or  26,500  tons  less  than 
the  export  for  1896. 

The  home  consumption  throughout  the  year  has 
been  very  good,  and  fully  balanced  the  reduction  in 
export;  consequently  1897  has  been  a fairly  satis- 
factory year  for  the  Swedish  Iron  and  steel  manu- 
facturers. 


TELEPHONES  IN  FRANCE. 

The  Economiste  Fraufais,  in  giving  some  particulars 
as  to  the  extension  of  the  telephone  system  in  France, 
states  that  there  are  at  present  1 12  towns,  with  a 
population  of  6,000,000,  which  have  18,191  subscribers, 
half  of  whom  are  in  Paris.  It  is  not,  however,  in 
Paris  that  there  are  the  most  subscribers  in  proportion 
to  inhabitants,  for,  at  Cannes,  the  proportion  is  i to 
120  ; I in  198  at  Fourmies  ; i in  215  at  Mentone,  and 
I in  222  at  Tourcoing,  as  against  i in  253  in  Paris. 
The  article  further  shows  how  little  the  telephone  is 
used  by  comparison  with  neighbouring  countries  like 
Germany  and  Switzerland,  for,  while  the  number  of 
“communications”  in  France  in  1896  was  only 
74,000,000,  the  total  for  Gennany,  excluding  Bavaria 
and  Wurtemburg,  was  over  424,000,000.  Switzer- 
land, with  a population  barely  the  tenth  of  France, 
had  at  the  end  of  1896  over  1,000  miles  of  telephone 
lines,  with  29,533  subscribers,  and  about  150,000,000 
communications.  While  the  cost  of  a telephone  in 
Switzerland  is  more  than  covered  by  the  receipts,  the 
contrary  is  the  case  in  France,  though  the  subscription 
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price  is  much  higher  than  in  any  of  the  other 
countries,  being  as  much  as  £i6  13s.  4d.  per  annum 
in  Paris,  and  from^^S  6s.  8d.  to  los.  in  provincial 
towns,  to  say  nothing  of  each  subscriber  having  to 
contribute  towards  getting  connected  with  the  system. 
In  Switzerland,  in  addition  to  the  charge  of  getting 
an  instrument  put  in  and  connected,  the  charge  is 
£i  13s.  4d.,  and  one  halfpenny  for  each  conversation 
of  three  minutes’  duration. 


POST  OFFICE  ELECTRIC  MAIL  VAN. 

The  motor  mechanism  of  the  new  electric  mail  van 
which  the  Post  Office  authorities  have  been  success- 
fully working  for  some  time  between  the  General 
Post  Office  and  Paddington  differs  in  one  or  two 
essential  details  from  that  used  by  the  makers  on  the 
electric  cabs.  It  has  been  found  desirable  to  replace 
the  four-pole  type  Johnson-Lundell  motor  by  one  of 
the  two-pole  iron-clad  pattern,  in  which  the  field 
winding  surrounds  the  armatnre.  This  type  of  motor 
has  been  found  more  efficient  than  the  former.  There 
are  two  armature  windings,  two  commutators,  and 
two  series  field  windings  on  each  motor,  says  the 
Electrician.  The  brushes  are  of  carbon,  fed  end-on 
to  the  commutator  by  a simple  flat  spring.  The 
capacity  of  the  motor  is  about  3|-horse  power,  and  the 
mean  working  current  about  30  amperes.  On  the 
armature  spindle  is  a raw-hide  pinion,  having  twenty 
teeth,  which  gears  into  the  central  wheel  of  the 
differential  gear,  this  wheel  being  provided  with  sixty- 
two  teeth.  To  provide  for  the  different  speeds  of  the 
driving  wheels  in  turning  curves,  the  countershaft  is 
in  two  halves,  each  half  being  driven  by  the  differential 
gear  similar  to  that  employed  on  the  cabs.  The  other 
important  change  is  the  employment  of  a dri^^ng  chain 
of  the  ordinary  bicycle  pattern  in  place  of  the  laminated 
sprocket  chain  hitherto  used.  The  cells  used  are  of 
the  E.P.S.  Faure-King  type,  specially  made  for  this 
purpose.  Each  cell  is  6^in.  square  in  plan,  and  loin. 
high,  and  contains  eleven  plates,  which  have  a 
capacity  of  172  ampere  hours  at  a discharge  rate  of 
30  amperes.  Forty  such  cells  are  used,  always  in 
series,  giving  a pressure  of  about  80  volts.  The  cells 
are  can  ied  in  a single  tray,  which  is  slung  under  the 
bottom  of  the  van  by  four  suspension  links,  supported 
from  the  body  of  the  van  by  helical  springs  under 
compression.  The  total  weight  of  the  battery  is  about 
13  cwt.  The  load  earned  sometimes  anounts  to  one 
ton,  and  the  maximum  speed  at  which  the  mechanism 
is  intended  to  drive  the  van  is  between  ten  and  eleven 
miles  an  hour. — Engineer. 


General  Notes. 

♦ 

Bulgarian  Commercial  Museum. — The  Bul- 
garian Ministry  of  Commerce  and  Industry  propose  to 


open,  during  the  present  month,  a Commercial  jd 
Industrial  Museum,  accessible  to  the  public.  '.,e 
museum  has  been  established  with  the  objectjif 
collecting  specimens  of  all  products  of  the  indust|s 
of  Bulgaria,  and  of  making  the  public  acquainted  vja 
the  productions  of  their  country.  It  will  be  situsfl 
in  the  same  building  as  the  Ministry  itself. 

International  Exhibition  of  Horticulti  j 
AT  Ghent. — The  fourteenth  International  He  - 
cultural  Exhibition  is  to  be  held  at  Ghent  fn 
April  16  to  April  24  next.  This  exhibition,  wl  ^ 
takes  place  every  five  years,  is  organised  and  mana  i 
by  the  Royal  Society  of  Agriculture  and  Botany  t 
Ghent.  It  is  under  the  patronage  of  the  King 
Queen  of  Belgium,  and  is  subsidised  by  the  natioi , 
provincial,  and  municipal  Governments.  It  is  e 
163rd  exhibition  of  this  local  society.  The  invitati 
to  take  part  is  extended  to  amateurs,  horticulturi , 
and  botanical  or  horticultural  societies  of  all  countr  . 
The  exhibits  are  divided  into  28  groups,  consisting  I 
a total  of  718  competitions  ; in  each  of  these  there  ; 
offered  at  least  two  prizes,  and  frequently  three.  '!  ■ 
jury  will  be  composed  of  well-known  foreigis 
engaged  or  interested  in  horticultural  pursuits. 

Boiler  Explosions. — The  Manchester  Ste  1 
Users’  Association  has  issued  a series  of  rules  1 
boiler  attendants,  signed  by  Mr.  Charles  E.  Strome\ 
chief  engineer.  The  general  direction  is — “Til 
your  boilers  with  care  and  attention ; accidents  ; 
thereby  prevented,  expenses  reduced,  and  the  lab  1 
of  firing  lessened,”  and  further  directions  refer 
water  level,  blow-off  cocks,  lighting  fires,  smoke  p ' 
vention,  emptying  boilers,  overhauling,  cleaning,  r 
inspection.  The  warnings  relate  to  manholes,  safe 
valves,  and  low-water  alarms,  steam-stop  valves,  v: 
steam  pipes  and  collapsed  furnaces.  The  geru.i 
warnings  are — “Don’t  overload  the  safety  valves 
tamper  with  them ; don’t  let  the  water  level  sink  < 
of  sight;  don’t  allow  the  gauge  cocks  to  set  fa, 
don’t  open  the  steam-stop  valves  hurriedly;  do 
empty  the  boiler  while  the  steam  is  up ; don’t  ’ 
unknown  scale  solvents  or  compositions.” 

Chinese  Weights  and  Measures. — Accord; 
to  the  North  China  Herald,  quoted  in  the  Board 
Trade  Journal,  no  other  people  are  more  commercl 
than  the  Chinese,  but  their  standard  of  weight  vai 
in  any  two  places,  and  is  never  the  same  except  by 
accident.  No  one  knows  what  a “ catty  ” is  going 
be  in  a new  place,  until  he  has  investigated.  Wl 
is  true  of  the  catty  holds,  necessarily,  of  its  si 
division,  the  tael  or  ounce.  The  cash  shopmen,' 
“bankers,”  know  why  this  is  so,  and  all  those  w 
are  compelled  to  do  business  with  them  know  thaij 
is  so,  and  they  do  not  ask  why.  The  li,  or  mile,  is 
fluctuating  as  the  catty,  though  the  result  is  of  mr| 
less  consequence.  The  chang,  or  rod,  like  otl 
units,  is  knowable  only  upon  inquiry,  and  the  sail 
is  true  in  a more  flagrant  degree  of  the  foot.  1 
carpenter’s  foot  measurement  is  one  thing,  andi 
tailor’s  is  quite  another,  and  so  on.  One  meets  wl 
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leged  foot-rules  that  are  about  18  inches  long,  and 
th  catties  that  openly  expand  so  as  to  take  in 
^ht-and-twenty  or  more  ounces.  The  mow,  or 
re,  fluctuates  in  the  same  way,  from  240  to  360,  up 
720  pu,  or  paces,  themselves  units  of  uncertain 
ignitude,  and  a man  who  lives  on  the  edge  of 
Terent  districts  may  have  his  farm  measured  on  two 
lically  different  scales,  with  a resulting  confusion  in 
e statistics  involved. 


THE  LIBRARY. 

The  following  books  have  been  presented  to 
2 Library  since  the  last  announcement  : — • 
Armstrong,  Lord,  C.B.,  F.R  S. — Electric  Move- 
>nt  in  Air  and  Water.  (London  ; Smith,  Elder, 
cl  Co,,  1897.)  Presented  by  the  Author. 

Bamber,  M.  Kelway. — A Text  - book  on  the 
lemistry  and  Agriculture  of  Tea.  (Calcutta  : Law 
Wishing  Press,  1893.)  Presented  by  the  Author. 
Benjamin,  Park,  Ph.D.— The  Intellectual  Rise  in 
ectricity  : a History.  (London  : Longmans,  Green, 
I Co.,  1895.)  Presented  by  the  Publishers. 

Bolas,  Thomas  — Glass  Blo^ving  and  Working, 
Amateurs,  Experimentalists,  and  Technicians, 
mdon:  Dawbarn  and  Ward,  1898.)  Presented  by 
Author. 

"onstantine,  E.  G. — Marine  Engineers,  and  How  to 
•ome  One.  (Manchester;  Technical  Publishing 
•,  1897.)  Presented  by  the  Author. 

Oaw,  Albert  W.,  and  Zacharias  W.  Daw.— The 
isting  of  Rock  in  Mines,  Quarries,  Tunnels,  etc. 
1 1.  The  Principles  of  Rock-blasting  and  their 
neral  Application.  (London  : E.  and  ¥.  N.  Spoil 
*•8.)  Presented  by  Z.  W.  Daw. 
low,  Wilson,  and  Stanton. — Tea-producing  Com- 
ities of  India  and  Ceylon,  showing  the  History  and 
suits  of  those  Capitalised  in  Sterling.  (London: 
Southey  and  Co.,  1897.)  Presented  by  the  Authors, 
mperial  Institute. — Correspondence  respecting  the 
St  and  Second  Quinquennial  Grants  from  Indian 
venues  to  the  Imperial  Institute,  1896.  Presented 
Sir  George  Birdwood. 

i.ake,  W.  R. — Patents  for  Inventions  relating  to 
-hine  Guns  and  Automatic  Breech-Mechanism, 
'ndon,  1896.)  Presented  by  Messrs.  Haseltine, 
!ce,  and  Co. 

i-ondon  Chamber  of  Commerce  Report  re  Cement 
lUixtures,  with  Evidence  of  Experts.  (London, 
j/*)  Presented  by  the  Chamber, 
corgie,  James.— A Short  Treatise  on  Building 
S erials.  (Aberdeen  : James  Murray,  1891.)  Pre- 
“t  ed  by  Mrs.  Scorgie. 

/ard,  H.  Snowden,  and  Catherine  Weed  Ward.— 

' kespeare’s  Town  and  Times.  (London  : Dawbarn 
■I  Ward,  Limited,  1896.)  Presented  by  the 
hors. 

/arden-Stevens,  F.  J. — Electrical  Installations  for 
^hitects.  Borough  Surveyors,  Civil  Engineers,  etc. 
Ijidon  ; P.  A.  Gilbert  Wood,  1897.)  Presented  by 
1 1 Author, 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  Evenings,  at  8 o’clock  : — 
February  23.—“  Children’s  Sight.”  By  R. 
Bruuenell  Carter,  F.R.C.S.  Sir  George 
Kekewich,  K.C.B.,  will  preside. 

March  2. — “Kites  : their  Theory  and  Practice.” 
By  Captain  B.  F.  S.  Baden-Powell.  Professor 
W.  Grylls  Adams,  F.R.S.,  will  preside. 

March  9. — “ Linde’s  Method  of  Producing  Ex- 
treme Cold  and  Liquefying  Air.”  By  Professor  J. 
A.  Ewing,  F.R.S. 

March  16. — “ The  Recent  History  of  Paper- 
making.”  By  Clayton  Beadle. 

March  23. — “ The  Preparation  of  Meat  Extracts.” 
By  C.  R.  Valentine. 

March  30. — “ Telegraphy  Across  Space.”  By 
Professor  Silvanus  P.  Thompson,  F.R.S.  J.  W. 
Swan,  F.R.S.,  will  preside. 

Dates  to  be  hereafter  announced  : — 

“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 

“ Water  Gas  and  its  Appliances.”  By  Professor 
Vivian  Lewes. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  ; — 

March  10. — “India  and  Sir  Henry  Maine.” 
By  Charles  Lewis  Tupper,  C.S.I.  The  Right 
Hon.  Sir  Mountstuart  Elphinstone  Grant 
Duff,  G.C.S.I.,  F.R.S.,  will  preside. 

March  31.— “The  Farthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S.  The  Right 
Hon.  Sir  Henry  Fowler,  G.C.S.I.,  M.P.,  will 
preside. 

April  21. — “The  Rise,  Progress,  and  Present 
Position  of  the  Native  Press  of  Western  India.”  By 
R.  P.  Karkaria  (of  Bombay). 

April  28. — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 

The  meeting  of  March  31  will  be  held  at 
the  Imperial  Institute  ; those  of  March  10, 
April  21,  April  28,  and  May  19  at  the  Society 
of  Arts. 

Foreign  and  Colonial  Section. 

Tuesday  Afternoons,  at  4.30  o’clock  : — ■ 

March  15.-“  The  West  Indies  and  Sugar 
Bounties.”  By  Nevile  Lubbock. 

Date  to  be  hereafter  announced 

“The  African  : what  he  is,  and  what  he  is  capable 
of  becoming.”  By  the  Rev.  Godfrey  Dale  (Uni- 
versities Mission  to  Central  Africa). 
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Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock  : — 

February  22. — “The  Regalia  of  England.”  By 
Cyril  Davenport.  Sir  George  Birdw^ood, 
K.C.LE.,  C.S.I.,  will  preside. 

March  8. — “ The  Making  of  a Stained  Glass 
Window.”  By  Lewis  Foreman  Day.  Walter 
Crane  will  preside. 

March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B. 

April  26. — “ The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  10. — “The  Art  of  William  Morris.”  By  F. 
S.  Ellis, 

May  17. — “Practical  Points  in  Italian  Majolica 
Painting.”  By  William  Burton,  F.C.S. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Hugh  Stannus,  “ The  Principles  of  Design 
in  Form.”  Four  Lectures. 

Lecture  II. — February  21. — Gradation,  Pro- 
portion, Scale,  &c. 

Lecture  III.  — February  28.  — Repetition, 
Alternation,  Axiality,  &c. 

Lecture  IV. — March  7. — Simplicity,  Reticence, 
Unity,  &c. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.  ’ ’ 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Feb.  21  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Hugh  Stannus,  “The  Principles  of  Design  in 
Form.”  (Lecture  II.) 

Sanitary  Institute,  74A,  Margaret- street,  W.,  8 p.m. 
Dr.  Louis  Parkes,  “ Blots  in  our  System  of  Sanitary 
Administration.” 

Imperial  Institute,  South  Kensington,  8Jp.m.  Colonel 
C.  M.  Watson,  “The  Nile  and  its  Tributaries.” 
Surveyors,  Savoy  - street,  W.C.,  8 p.m.  Mr. 

T.  W.  Wheeler,  “ Legal  Liability  for  Professional 
Opinion.” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Mr.  J.  Tavcnor  Perry,  “ The  Mediaeval  Campanili 
of  Rome.” 

Camera  Club,  Charing-cross-road,  W.C.,  8J  p.m. 
Medical,  ii,  Chandos-street,  W.,  8|  p.m. 

Victoria  Institute,  8,  Adelphi -terrace,  W.C.,  4I  p.m. 

Dr.  Kidd,  “ Purpose  in  Nature.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m.  Sir 
Martin  Conway,  “The  First  Crossing  of  Spitz- 
bergen.” 


Tuesday,  Feb.  22 ...  SOCIETY  OF  ARTS,  John-str;, 
Adelphi,  W.C.,  8 p.m.  (Applied  Art  Secti]) 
Mr.  Cyril  Davenport,  “ The  Regalia  of  Englan'’ 

Royal  Institution,  Albemarle-street,  W.,  3 j . 
Prof.  E.  Ray  Lankester,  “The  Simplest  Li\^ 
Things.”  (Lecture  VI.) 

Medical  and  Chirurgical,  20,  Hanovcr-square,  , 
8J  p.m. 

Civil  Engineers,  25,  Great  George- street,  S.  , 
8 p.m.  I.  Mr.  Llewelyn  B.  Atkinson,  “ The  The  ,, 
Design,  and  Practical  Working  of  Alternate-C 
rent  Motors.”  2.  Mr.  H.  F.  Parshall,  “Du  . 
Electric  Tramway.” 

Photographic,  12,  Hanover-square,  W.,  8 3 , 
Mr.  A.  W.  Isenthal,  “ Photographic  Manipula  ; 
in  Radiography.” 

Anthropological,  3,  Hanover-square,  W.,  8J  p.m. 
Wednesday,  Feb.  23. ..SOCIETY  OF  ARTS,  John-sttl, 
Adelphi,  W.C.,  8 p.m.  Mr.  R.  Brudenell  Cai', 
“Children’s  Sight.” 

Geological,  Burlington-house,  W.,  8 p.m.  1.  , 
Thomas  Codrington,  “Some  Submerged  Rcl- 
Valleys  in  South  Wales,  Devon,  and  Cornwaj’ 
2.  Mr.  W.  S.  Gresley,  “ Some  New  Carbonifei;s 
Plants,  and  how  they  contributed  to  the  for  - 
tion  of  Coal  Seams.” 

Japan  Society,  20,  Hanover-square,  W.,  8^  j , 
I.  Mr.  Noel  E.  Buxton,  “ Mountaineeringii 
Japan.”  2.  Mr.  M.  E.  Fordham,  “An  Ascen  t 
Fuji  San  in  May.” 

United  Service  Institution,  Whitehall,  S.W.,  3U  ■ 
Mr.  AV.  V.  Herbert,  “ The  Ethics  of  Warfare.’ 
Thursday,  Feb.  24. ..Royal,  Burlington-house,  AV.,  4j  p.r 

Antiquaries,  Burlington-house,  AV.,  8J  p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 j 
Mr.  W.  Law  Bros,  “ Primitive  Ireland.” 

Society  for  the  Encouragement  of  Fine  Artsi, 
Conduit-street,  AV.,  8 p.m.  Mr.  E.  Doran  AVo, 
“Wells  Cathedral.” 

Sanitary  Institute,  74A,  Margaret- street,  AV.,  8 1 , 
Dr.  H.  Manley,  “British  Sanitary  Laws.” 

Royal  Institution,  Albemarle-street,  W.,  3 1 . 
Dr.  J.  P.  Richter,  “ Some  Italian  Pictures  ate 
National  Gallery.”  (Lecture  III.) 

Electrical  Engineers,  25,  Great  George-street,  S.  , 
8p.m.  Mr.  G.  Binswanger  Byng,  “The  Ma- 
facture  of  Lamps  and  other  Apparatus  for  200  v 5 
Circuits.” 

Camera  Club,  Charing-cross-road,  W.C.,  8j  j. 
Lecture  by  Mr.  Val.  Prinsep,  R.A. 

Friday,  Feb.  25... Royal  Institution,  Albemarle-street,  8 \ . 

Weekly  Meeting.  9 p.m.  Captain  Abney,  “ : 
Theory  of  Colour  Vision  applied  to  Alodcrn  Co  ' 
Photography.” 

Civil  Engineers,  25,  Great  George-street,  S.  , 
8 p.m,  (Students’  Meeting.)  Mr.  C.  E.  W , 
“The  Problem  of  Train  Resistance.” 

Clinical,  20,  Hanover-square,  AV.,  8|  p.m. 
Saturday,  Feb.  26  ...  Physical  Society  (in  the  Chemi:' 
Lecture-room,  Keate’s-lane,  Eton  College),  4 r • 
The  Rev.  T.  C.  Porter  will  describe  (i.)  “ A f ' 
Theory  of  Geysers,”  (ii.)  “A  New  Method t 
viewing  Newton’s  Rings,”  (iii.)  “ Experinu,; 
bearing  on  the  Sensation  of  Light,”  (iv.) 
Method  of  viewing  Lantern  Projections  in  Stei 
scopic  Relief,”  (v.)  “ AVinter  Obsen^ations  on  ■ 
Shadow  of  El  Teide,  with  a New  Alethod 
measuring  approximately  the  Diameter  of 
Earth,”  (vi.)  “ Temperature  of  the  AVater 
Niagara.” 

Botanic,  Inner  Circle,  Regent’s-park,  N.W.,  3lP 

Royal  Institution,  Albemarle-street,  AV.,  3 p.m. 
William  H.  Hadow,  “The  Structure  of  Insl- 
mental  Music,”  (Lecture  III.) 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


Notices. 


CANTOR  LECTURES. 

Mr.  Hugh  Stannus,  F.R.I.B.A.,  delivered 
the  second  lecture  of  his  course  on  “The 
Principles  of  Design  in  Form.”  on  Monday 
evening,  21st  inst. 

The  lectures  will  be  printed  in  the  Jouf^al 
during  the  summer  recess. 


APPLIED  ART  SECTION. 
Tuesday,  February  22,  1898  ; Sir  George 
Birdwood,  K.C.I.E.,  C.S.I.,  in  the  chair. 

The  paper  read  was  “The  Regalia  of 
England,”  by  Cyril  Davenport. 

The  report  of  the  meeting  will  be  published 
in  the  next  number  of  the  Journal. 


Proceedings  of  the  Society. 



INDIAN  SECTION. 

^^Thursday,  Feb.  17,  1898;  Earl  Spencer, 
V.G.,  in  the  chair. 

The  Secretary  of  the  Section  read  a letter  from 
Ir.  John  Pollen,  I.C.S.,  LL.D.,  who  w'as  Acting- 
ollector  of  Bombay  at  the  time  the  plague  first 
ppeared,  and  who  was  at  present  laid  up  with 
ifluenza.  He  wrote  : — “ Had  I been  present  I 
lould  certainly  have  liked  to  have  borne  testimony 
) the  noble  work  (of  which  I was  an  eye-witness) 
one  by  Mrs.  Birdwood  in  visiting  the  hospitals, 
id  m helping  the  plague-stricken  at  the  very 
light  of  the  calamity.  Although  in  feeble  health 
Tself,  she  took  every  opportunity  of  visiting 
e Arthur-road  and  other  hospitals,  and  the 
esence  and  kindly  sympathy  and  assistance  of 
e wife  of  the  Senior  Member  of  Council  did 
uch  to  encourage  the  sisters,  the  nurses,  and  the 


little  band  of  devoted  English  ladies  who  were  the 
first  to  hasten  to  the  aid  of  the  despairing  and 
bewildered  nati\es.  Mrs.  Birdwood’s  womanly 
kindness  will  never  be  forgotten  in  Bombay,  fcr 
(‘let  the  dark  face  have  its  due’)  natives  arc  not 
ungrateful.  On  the  whole,  throughout  this  awful 
plague  business,  they  have  displayed,  in  spite  of 
panic,  a patience  and  docility  worthy  of  all  praise ; 
and  they  are,  I am  convinced,  truly  and  sincerely 
grateful  to  those  who  sympathised  with  them  ar.d 
strove  to  serve  them,  amongst  whom  Mr.  and  Mr*-. 
Birdwmod  were  (as  they  have  always  been)  the 
foremost.” 

The  Chairman  said  he  did  not  propose  to  make 
anything  like  a speech,  but  perhaps  he  ought  to  gi^e 
some  explanation  for  occupying  that  position.  He  could 
not  speak  as  an  expert  in  Indian  affairs,  though  it  was 
quite  true  he  visited  his  brother  in-law  (Lord  Sand- 
hurst) in  Bombay  two  years  ago,  but  he  was  not  one 
who  thought  that  a globe  trotter  who  paid  a flying \isit 
had  any  right  to  make  authoritative  statements  about 
that  important  country.  He  should  like,  however,  to 
say  that  in  England  w’e  had  a very  heavy  responsi- 
bility with  regard  to  our  great  Indian  Empire,  and  he 
could  not  help  thinking  that  there  had  been  rather  a 
want  of  interest  with  regard  to  it.  He  was,  therefore, 
glad  to  show  that,  at  all  events,  though  unconnected 
with  India,  he  yet  took  a deep  interest  in  it,  and  he 
was  glad  to  see  so  large  a meeting  assembled  to  hear 
from  Mr.  Birdw'ood  an  account  of  this  terrible  plague. 
They  had  the  greatest  sympathy  with  the  people  of 
India  iii  the  calamity  under  which  they  had  been 
placed,  and  had  also  a sincere  admiration  for  the 
patriotic  wmrk  done  by  all  those  who  were  conceined 
in  trjfing  to  get  rid  of  this  terrible  plague. 

The  paper  read  was— 

THE  PLAGUE  IN  BOMBAY. 

By  H.  M.  Birdwood,  C.S.I.,  M.A.,  LL.D. 

Contents.— Previous  epidemics.— The  specific  cause  of 
plague.  Kitasato’s  Bacillus.— The  disease  defined.  Its  symp- 
toms.— Invasion  of  the  human  body  by  the  bacillus.  Incuba- 
tion of  the  disease.— Protection  against  invasion.  Mons, 
Haffkine’s  prophylactic.— Treatment  of  plague  cases.— 
Communication  of  the  disease  by  infected  persons  and 
otherwise.  “ Local  incubation.”  The  means  of  diffusion.— 
Growth  of  plague  in  Bombay.  Mortality  during  the  epidemic 
of  1896-97.— Mortality  in  some  previous  epidemics.— A’irulence 
of  the  disease  at  different  times.— Virulence  of  some  other 
epidemics. — Climatic  conditions  favourable  to  the  growth 
of  plague.— Local  conditions.— Personal  conditions.  Sus- 
ceptibility of  different  races.—  Initiation  of  preventive  and 
remedial  measures  by  the  Bombay  Government. — ileasures 
taken  by  the  municipal  authorities.— Deputation  of  Dr. 
Cleghorn  to  Bombay.  — Plague  hospitals.-Popular  dread  of 
hospitals. — Measures  under  Epidemic  Diseases  Act.  General 
Gatacre’s  Committee.— Soldiers  on  plague  duty.— Hospital 
nurses. — Inspection  of  passengers,  &c. 

It  is  not  without  some  hesitation  that  I 
venture  to  address  you  on  the  subject  of  the 
recent  visitation  of  plague  in  Bombay,  for 
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there  are  various  questions  connected  with 
plague  epidemics  which  can  be  discussed  with 
profit  only  by  experts  in  science.  But  I have 
not  been  deterred  by  this  consideration,  for  the 
subject  can  be  approached  from  many  points 
of  view,  and  an  account  of  some  of  those 
features  and  incidents  of  the  plague  which  be- 
came generally  known  in  Bombay  during  the 
epidemic  of  1896-97,  and  of  the  methods 
adopted  for  its  repression  will  not,  I trust,  be 
uninteresting.  And  if,  to  complete  the  narra- 
tive or  to  make  it  clearer,  I find  it  necessary 
to  refer  to  some  technical  details  which  could 
be  better  dealt  with  by  a member  of  the 
medical  profession,  I shall,  as  to  these,  be 
careful  to  rely  mainly  on  the  recorded  opinions 
of  experts. 

Previous  Epidemics. 

Medical  authorities  are,  I believe,  agreed  as 
to  the  identity  in  character  of  the  “bubonic 
fever  ” of  Bombay  with  the  disease  historically 
known  as  the  plague,  such,  for  instance,  as 
the  pestilence  which  prevailed  in  Lybia,  Syria, 
and  Egypt  in  the  3rd  century  before  Christ, 
and  in  Alexandria  at  the  beginning  of  the 
Christian  era,  and  the  “ bubo  plague  ” which 
invaded  the  Roman  Empire  in  the  6th 
century  after  Christ  and  remained  in  Europe 
for  a thousand  years,  and  the  “ Black  Death  ” 
■oi  the  14th  century,  which  started  from 
Eastern  Asia,  and  possibly  also  from  a plague 
centre  in  India,  and  proceeding  in  a westerly 
direction  to  Asia  Minor  and  the  north  coast  of 
Africa,  infected  the  whole  continent  of  Europe 
and  most  of  the  adjacent  islands,  and  visited 
Greenland  also,  destroying  in  Europe  alone 
about  25,000,000  of  human  beings, — that  is, 
about  one-fourth  of  the  population.  Numerous 
epidemics  of  the  same  disease  were  widely 
spread  in  the  15th  century,  and  seemed, 
during  the  greater  part  of  the  two  following 
centuries,  to  have  become  firmly  established 
on  European  soil,  till  towards  the  end  of  the 
17th  century  they  retreated  slowly  east- 
wards. The  plague  lingered,  however,  in  the 
south-eastern  corner  of  the  Continent  till  1841, 
and  then,  after  a slight  outbreak  in  some 
villages  on  the  Volga  in  1878-79,  it  “ vanished 
completely”  from  Europe.* 

The  last  epidemic  of  plague  in  England  was 
in  1665,  the  year  of  the  Great  Plague  of 
London  ; but  sporadic  cases  were  registered  in 
London  in  most  of  the  following  years  till  1679. 
The  last  great  outbreak  in  France  was  in  1720. 

* Dr.  August  Hirsch’s  “ Handbook;”  translation  by  Dr.  C. 
Creighton,  vol  i,  498-500. 


In  Africa,  the  disease  never  extended  beyond  1 
the  northern  coast-belt. 

Egypt  was  the  starting  point  of  numerous 
epidemics  which  have  overrun  that  tract  since 
the  6th  centur}q  just  as  Turkey  was  the  point 
of  departure  in  Europe  for  every  inroad  after 
the  plague  area  had  become  narrower  and  the 
channels  of  diffusion  clearer.*  It  is  said  that, 
although  the  plague  has  not  unfrequently 
extended  to  Upper  Egypt,  it  has  always 
reached  its  limit  in  Assuan,  never  going  higher 
than  the  first  cataract  and  never  entering 
Nubia.  Epidemics  of  plague  have  been  des- 
cribed by  several  writers  as  having  occurred  in 
Nubia,  Dongola,  Kordofan,  and  Khartoum, 
but  have  not  really  been  identified  with  the 
plague,  t 

In  Asia,  epidemics  were  most  frequent  up  to 
the  year  1844,  in  Syria  and  Asia  Minor.  Since 
1850,  they  have  occurred  in  Persia,  Arabia, 
and  Mesopotamia.  At  one  time,  Persia  was 
considered  the  eastern  limit  of  the  plague  area 
in  Asia,  but  this  view  is  no  longer  possible. 

I learn  from  Mr.  William  Foster,  of  the 
India  Office,  the  accomplished  Secretary  of 
the  Hakluyt  Society,  that  Sir  Thomas  Roe’s 
unpublished  diary  contains  a reference  to  an 
epidemic  of  plague  at  Agra,  which  lasted  for 
three  months  during  the  cold  weather  of 
1616-17.  Joseph  Salbancke,  in  a letter  to  the 
East  India  Company,  also  unpublished,  speaks 
of  the  same  epidemic,  from  which  1,000  people 
sometimes  died  in  a day. 

Mr.  Alexander  Rogers  has  recently  told  us 
that  the  Emperor  Jehangier’s  autobiography 
contains  a reference  to  epidemics  of  plague 
which  occurred  at  Agra  in  three  successive 
years  in  the  middle  of  the  17th  century.  The 
disease  prevailed  in  the  cold  weather,  and  dis- 
appeared in  the  hot  season. j; 

In  his  report  on  the  recent  Bombay  epidemic, 
Dr.  Weir,  Executive  Health  Officer  of  the 
Municipality,  gives  some  interesting  informa- 
tion about  previous  epidemics  in  the  Deccan 
and  Western  India,  including  Bombay. 

It  appeared  in  the  Emperor  Aurungzebe’s 
camp  in  1684,  and  again  in  1689  ; at  Surat  in 
1684  and  1690  ; at  Bassein  in  1690  ; at  Bulsar 
in  1691  ; at  Tatta,  in  Sind,  in  1696,  when 
30,000  people  died  of  plague  ; and  in  Bombay, 
at  intervals,  from  1689  to  1702.  The  virulent 
form  of  plague,  known  in  British  Garhwal 
and  Kumaon  as  Gola,  or  Phatkya  rog  01 
Mahamari,  has  probably  existed  in  the  hill 
tracts  of  India  and  China  from  time  imme- 

* Hirscb,  vol  i,  502,  504.  + Ib.  506. 

t Indian  Magazme  and  Review,  January,  1898. 
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morial.*  It  showed  itself  in  1823  at  Kedar- 
math,+  and  in  several  villages  above  the  snow 
line.l  From  1834  to  1837,  it  became  more 
widely  diffused,  and  in  1837  it  was  alarmingly 
prevalent  along  the  higher  parts  of  the  Pindar 
river.  § In  1846-47,  it  found  its  way  to  the 
sources  of  the  Ramganga,  and  swept  away 
nearly  the  whole  population  of  a village  at  a 
height  of  7,000  feet  above  the  sea.  It  re- 
appeared at  intervals  at  different  places  in 
Kumaon  and  Garhwal  till  1894.  In  1853,  it 
descended  to  the  plains  of  the  Moradabad 
district,  where  it  remained  during  the  following 
year.  In  Central  India,  it  was  present  from 
1813  to  1821,  and  extended  to  Rajputana,  the 
Rann  of  Kutch,  certain  towns  in  Guzerat,  to 
Kathiawar  and  to  Sindh,  “ where  the  mortality 
was  great.”  In  1836,  and  again  in  1837, 
broke  out  at  Pali,  in  Marwar,  and  spread  to 
Jodhpore,  Meywar,  and  Ajmere.  The  plague 
committed  frightful  ravages  in  Yunnan  from 
1871  to  1873,  and  was  still  prevalent  there  in 
1879.11  The  southern  slopes  of  the  Himalayas 
and  the  mountain  valleys  of  Yunnan  must  now 
be  regarded  as  endemic  centres  of  plague. 


The  Specific  Cause  of  the  Disease. 
Kitasato’s  Bacillus. 

At  one  time  it  was  believed  that  the  plague 
was  due  to  poisonous  exhalations  from 
corpses,  and  this  theory  was  supported  by  the 
French  Commissioners,  Lagasquie  and  Pariset, 
who  studied  the  plague  in  Egypt  in  1828  ; but  it 
was  shown  by  Dr.  Hirsch,  of  Berlin,  more  than 
16  years  ago,  to  be  untenable.  He  pointed  out 
that,  for  the  development  of  the  disease  and 
the  formation  of  a plague-centre,  there  is 
always  required  the  access  of  the  s^eajc 
of  Ilague,  and  that  these  centres  are  co- 
extensive with  the  limits  of  the  diffusion  of  the 
virus.  “ "Where  the  virus  comes  not,  no  matter 
howunfavourable  the  hygienic  conditions,  there 
the  immunity  from  the  pestilence  is  complete.” 
Dr.  J.  F.  Payne,  President  of  the  Pathological 
Society  of  London,  writing  a few  years  later, 
m 1885,  describes  the  plague  as  depending  on 
the  reception  into  the  body  of  a specific  organic 
contagion,  which  becomes  multiplied  therein. 
“Analogy,”  he  says,  “makes  it  very  probable 
that  the  contagion  is  a living  organism  of  the 
class  Bacteria.  ”51  The  result  shows  that  here,  as 
elsewhere  in  the  realm  of  scientific  discovery, 

“ The  golden  guess 

Is  morning-star  to  the  full  round  of  truth.” 


• Dr.  Hutcheson’s  ” Note  on  Mahamari.” 
t Hutcheson.  $ Hirsch.  5 Hutcheson.  ||  Hirsch. 
^ Encyc.  /hif.,  vol.  xix ; Art.  “Plague.” 
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The  world  of  science  has  accepted  as  con- 
clusive the  investigations  conducted  by  Dr. 
Kitasato  and  Professor  Aoyama,  who  were 
deputed  by  the  enlightened  Government  of 
Japan  to  study  the  disease  at  Hongkong  in 
1894.  The  Bacillus  testis  discovered  by 
Kitasato  is  now  universally  recognised  as  the 
essential  cause  of  the  plague.  It  is  classed  in 
the  vegetable  kingdom  under  the  Bacteria, 
which  are  among  the  simplest  of  living  forms, 
and  consist  of  a single  cell,  with  a limiting 
membrane.  They  are  found  almost  everpvhere. 
Some  of  them  are  our  best  friends.  Others  are 
the  causes  of  disease  in  the  animal  kingdom. 
Ihe  plague  bacillus  belongs  to  the  group  of 
parasites  or  disease-producing  bacteria  which 
find  a home  in  the  bodies  of  certain  animals. 
It  is  a little  less  than  -5^^^  of  an  inch  in 
breadth  and  about of  an  inch  in  length. 
Its  size,  however,  is  not  constant.*  To  adopt 
an  illustration  used  by  Dr.  Woodhead, 
it  w’ould  take  about  500  millions  of  such 
organisms,  laid  side  by  side,  to  cover  a 
postage  stamp. t Insignificant,  however,  as 
it  seems,  this  minute  organism  has  been 
so  deadly  an  enemy  of  the  human  race  that 
popular  as  well  as  scientific  interest  cannot 
fail  to  be  aroused  in  regard  to  it  at  the 
outset  of  any  inquiry  about  the  plague.  There 
are  questions  regarding  its  manner  of  life— its 
individual  life,  whether  on  the  ground,  or  in  the 
air,  or  in  the  bodies  of  men, — and  its  social 
life,— in  societies  which  cannot  be  numbered, — 
questions  also  as  to  the  conditions  which  favour 
its  growth  and  the  development  of  its  poisonous 
power,  and  as  to  its  methods  of  attack  and  the 
supposed  susceptibility  to  attack  of  different 
races  and  communities,  and  as  to  the  best 
means  of  repelling  its  attacks,  many  of  which 
must  remain  unansw'ered  for  the  present  and 
until  the  bacillus  and  its  habits  can  be  studied, 
not  merely  when  it  is  captive  in  the  laborator}’, 
but  w’hen  it  is  a free  agent  also.  But  we  can, 
at  all  events,  note  some  of  the  ascertained 
facts. 

Dr.  Kitasato  has  found  bacilli  in  the  blood, 
the  swollen  glands,  and  other  internal  organs 
of  plague  patients.  He  describes  them  as  rods 
wnth  rounded  ends,  which  are  readily  stained 
by  the  ordinary  aniline  dyes,  the  poles  being 
stained  darker  than  the  middle  parts  and  pre- 
senting a capsule,  sometimes  well  marked. 
They  show  little  movement.  They  can  be 
cultivated  on  suitable  media  ; and,  when  thus 

• Laucef,  1897,  '’ol-  i. 

t Minutes  of  Proceedings,  Inst.  C.  E.,  vol.  cxxx.  Art. 

“ Lacteriolog}-.” 
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growing  in  a colony,”  they  can  be  seen  with 
the  naked  eye.  When  grown  in  beef  tea,  they 
make  the  medium  cloudy ; and  on  potatoes 
they  look  whitish-grey.  Their  growth  is  strong 
in  blood  serum  at  the  normal  heat  of  the  body. 
They  require  oxygen  for  their  growth* ; and 
multiply  by  fission — that  is,  by  a lengthening 
of  the  cell  and  its  transverse  subdivision  into 
two  or  more  cells.  Each  divided  portion  is  a 
new  plant,  which  repeats  in  a few  hours  the 
process  to  which  it  owes  its  own  existence. 
Reproduction  thus  proceeds  in  a rapid 
geometrical  progression.  No  spores  have  as 
yet  been  found  in  plague  bacilli. 

Through  the  courtesy  of  Dr.  Arnott,  late 
pnysician  of  St.  George’s  Hospital,  Bom- 
bay, and  of  Dr.  Ferguson,  of  the  Pathological 
Institute  of  Glasgow,  I am  able  to  exhibit 
some  microscopic  preparations  of  bacilli  found 
in  a human  being,  in  a rat,  and  in  mice,  and 
also  two  magic-lantern  slides  of  photographs 
of  bacilli  taken  from  an  affected  gland.  One 
of  the  photographs  is  by  Dr.  Bitter,  of  Cairo, 
who  was  in  Bombay  last  year.  [Slides  shown.] 

Dr.  Kitasato  and  Dr.  Yersin  have  found  that 
cultures  of  bacilli  are  destroyed  in  a few  hours 
by  a temperature  of  136°  Fahr.,  and  in  a few 
minutes  by  a temperature  of  212°  Fahr.  Sir 
William  Robinson  says  that  “its  great  enemy 
is  the  sun.”t  According  to  Dr.  James  it  is 
easily  killed  by  direct  sunlight,  by  heating  to 
a temperature  of  140°  Fahr.,  by  antiseptics  and 
by  weak  acids,  but  it  can  withstand  simple 
drying  for  five  or  six  days. 

“ In  suitable  conditions,”  says  Monsieur 
Haffkine,  “ the  germs  will  multiply  indefinitely. 
When  the  nutritious  medium  is  exhausted,  but 
the  bacilli  are  protected  from  desiccation  or 
invasion  of  other  growth,  they  may  remain 
alive  for  many  months,  possibly  for  years.  In 
the  ordinary  conditions,  when  exposed  to  the 
vicissitudes  of  the  open  air,  bacilli  of  plague 
captured  by  the  bacteriologist  die  out  very 
rapidly,  in  about  a week  at  the  utmost. 
Plague  epidemics,  however,  often  last  for  years . ’ ’ 
He  adds  that  “ when  the  germ  is  got  hold  of” 
it  almost  dies  if  the  bacteriologist  only  looks  at 
it.  And  again:  “The  germs  may  rise,  like 
any  other  dust,  in  the  air,  but  under  these 
conditions,  when  surrounded  by  air  and  light, 
they  get  weakened  rapidly  and  die.  In  any 
case,  it  is  so  when  the  bacteriologist  keeps 
them  under  watch.”  It  is  probable  that  the 
germ  is  most  actively  poisonous  “ immediately 


• Dr.  C.  H.  James’s  “Report  on  Plague.” 

+ Lolonial  Reports,  No.  148,  “ Hongkong,”  1894. 


on  leaving  a diseased  body  or  after  an  interval 
of  a day  or  two.”  There  may,  however,  be 
germs  which  require  longer  periods  for  acquir- 
ing full  strength.  “ This  is  not  known.”  At 
present  it  is  supposed  that  the  virulence  of  the 
microbe  depends  “on  its  previous  passage 
through  a susceptible  animal  or  man.”  The 
probability  of  germs  retaining  their  virulence 
for  any  length  of  time  while  in  the  air  appears 
to  Monsieur  Haffkine  to  be  remote.  His  opinion 
that  the  microbe,  as  scientifically  studied  in  a 
test  tube,  “ is  somehow  different  from  the 
complex  phenomena  which  determine  an  epi- 
demic ” is,  I believe,  one  that  is  shared  by 
others  who  have  lately  been  engaged  in 
scientific  research  in  Bombay. 

In  Italy,  in  the  17th  century,  it  was  believed 
that  the  poison  of  plague  was  smeared  by 
certain  foreigners  on  the  doors  and  walls  of 
houses.  It  was  alleged  that  the  walls  and 
benches  and  even  the  bell-ropes  of  Milan 
Cathedral  were  thus  anointed.  The  frequent 
appearance  of  a “yellowish-whitish”  sub- 
stance sprinkled  on  walls  “ as  with  a sponge,” 
is  attested  by  the  personal  observations  of 
Ripamonti,  as  related  by  Manzoni,  and  caused 
the  utmost  popular  excitement.  Householders 
burnt  the  affected  places  with  lighted  straw.* 
“ Patches  and  blotches  of  infection  broke  out 
upon  the  walls  and  houses,  and  when  scraped 
off  would  reappear  until  the  house  was  burnt 
down.”t  It  is  doubtful  whether  bacteriologists 
will  admit  that  such  appearances  could  have 
been  natural  colonies  of  plague  germs. 

Dr.  Yersin  once  thought  that  he  had  traced 
plague  bacilli  in  the  soil,  but  I believe  that  he 
found  afterwards  that  he  had  been  mistaken. 
Bacilli  have  not,  so  far  as  I know,  been  actually 
found  in  the  ground  or  in  a free  state  in  the  air. 

The  Disease  Defined.  Its  Symptoms. 

The  term  “bubonic  fever,”  by  which  the 
plague  was  first  designated  in  Bombay,  has 
been  objected  to  by  Dr.  Lyons,  as  another 
acute  infectious  disease,  characterised  by 
inflammatory  swellings  of  certain  glands,  but 
entirely  distinct  from  plague,  has  already  been 
described  as  glandular  fever.  He  prefers  the 
word  “plague,”  for  it  indicates  that  the  disease 
is  a “stroke.”  “The  victim  is  struck  down 
and  dies.  In  malignant  forms  of  fever,  such  as 
typhus,  scarlet  fever,  small  pox,  and  malaria, 
people  are  also  struck  down  and  die  quickly ; 


* “I  Promessi  Sposi,”  Ch.  31  ; translation  by  Herbert 
Batty. 
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but  malignancy  is  exceptional  in  these  diseases, 
while  in  plague  it  is  the  rule.”  * 

The  plague  is  defined  by  Dr.  J.  F.  Payne  as 
a specific  febrile  disease,  transmissible  from 
the  sick  to  healthy  persons,  and  accompanied 
usually  by  buboes  and  sometimes  by  car- 
buncles.! Dr.  Arnott,  in  his  recent  address 
to  the  Medico-Chirurgical  Society  of  Glasgow 
University,  classifies  plague  cases,  as  observed 
in  Bombay,  under  four  heads  : (i)  mild  cases, 
with  buboes ; (2)  severe  cases,  with  buboes  ; 
(3)  pneumonic  plague,  with  or  without  buboes  ; 
and  (4)  abdominal  plague,  resembling  typhoid 
fever.  “ There  are  also  mild  cases — ambulant 
plague— which  seldom  come  under  treatment, 
but  may  spread  the  disease.”! 

According  to  Dr.  Payne,  the  mild  plague 
sometimes  precedes  and  sometimes  follows 
severe  epidemics,  as  on  several  occasions  in 
Mesopotamia,  from  1873  to  1878,  and  in  Astra- 
kan  in  1877. 

This  form  of  the  disease  is,  in  Dr.  Kitasato’s 
opinion,  dependent  on  the  same  bacillus  as 
that  which  produces  the  severe  form,  “ but  in 
an  attenuated  or  benign  phase.”  In  this 
opinion  Dr.  Cantlie  concurs. § 

The  symptoms  of  severe  plague,  as  observed 
in  Bombay,  vary  -wath  the  precise  type  assumed 
by  the  disease.  According  to  Dr.  Childe,  in 
the  form  with  buboes,  the  attack  is  sudden, 
being  often  accompanied  by  rigor  at  first. 
Then  fever  comes  on,  with  bad  headache, 
vomiting,  and  frequently  delirium.  The  tern- 
perature  rises  to  104°  Fahr.,  or  more.  The 
respirations  are  increased  and  the  pulse  is 
rapid.  The  face  of  the  patient  assumes  an 
anxious  expression,  and  he  feels  a pain  in 
the  groin  and  under  one  arm.  Later  on, 
a mass  of  painful  glands  is  seen  on  the 
tender  spot.  Formerly,  no  cases  were  diag- 
nosed as  plague  unless  there  were  external 
“ buboes.”  II 

Dr.  Childe  describes  also  the  form  without 
buboes,  which  resembles  bronchitis  or  pneu- 
monia, and  is  usually  fatal  within  three  or  four 
days.  The  onset  is  sudden,  with  rigor,  fever, 
headache,  &c.  Symptoms  of  bronchitis  or 
pneumonia  then  appear,  but  the  patient  is 
ynuch  more  ill  and  his  fever  is  much  higher 
han  can  be  explained  by  the  amount  of  lung 
lisease  present.  The  lymphatic  glands  are 
yither  normal  or  only  slightly  enlarged,  and 
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there  is  no  pain.  This  form  of  the  disease  is 
the  “ pneumonic  plague.” 

Dr.  Hojel  has  described  some  cases  of  the 
” abdominal  type  of  plague,”  which,  in  their 
early  stages,  bear  a very  strong  resemblance 
to  enteric  fever,  the  differential  diagnosis  being 
very  difficult.* 

Dr.  Weir  notices  the  desire  to  wander, 
which  is  sometimes  a “ strange  and  pathetic  ” 
symptom  of  the  disease.  A patient  with  a 
temperature  of  more  than  ioo°  suddenly  leaves 
his  house,  and  if  he  has  any  money,  he  drives 
to  a railway  station,  with  the  intention  of  going 
to  some  place  by  rail ; he  cannot  say  why. 
Dr.  Weir  noticed  this  desire  to  wander  in  all 
classes,  and  it  often  precedes  high  fever  and 
delirium. 

During  the  epidemics  of  plague  in  the  Middle 
Ages,  certain  black  patches  on  the  skin,  known 
in  England  as  “tokens,”  were  considered  to  be 
sure  precursors  of  death,  and  gave  rise  to  the 
name,  “ Black  Death.”!  No  such  symptoms 
were,  I believe,  observed  in  Bombay,  and  their 
absence  suggests  to  Dr.  Arnott  the  probability 
that  typhus  and  other  diseases  may  have  been 
mixed  up  with  the  plague  in  those  epidemics. 

Invasion  of  the  Body  by  the  Bacillus. 
Incubation  of  the  Disease. 
According  to  the  observations  of  Dr.  Leu- 
mann,  local  inoculation  through  abrasions, 
however  minute,  such  as  cuts  and  scratches  of 
the  skin,  has  been  the  most  common  method 
of  invasion  in  plague  cases,  especially  among 
the  poorer  classes,  who  go  about,  for  the  most 
part,  bare-footed,  and  with  their  arms  and  legs 
insufficiently  covered. 

The  congestion  and  enlargement  of  the 
lymph  glands  nearest  the  point  of  inoculation 
indicates  an  attempt  at  local  resistance. 
Where  the  organism  attacked  resists  the 
micro-organism,  the  disease  remains  local; 
but  where  the  power  of  resistance  of  the 
organism  is  lowered,  or  was,  from  the  first, 
slight,  “ the  bacilli  become  generalised 
throughout  the  body,  reaching  the  blood  either 
by  the  lymph  channels,  or,  in  some  cases, 
by  direct  extension  into  the  veins  in  or  around 
the  glands,  and  producing  true  septicaemia. 
Such  cases  are  almost  always,  if  not  invariably, 
fatal.”!  In  the  pneumonic  variety,  described 
by  Professor  Childe,  the  bacilli  may  be  either 
breathed  into  the  lungs,  as  in  “ primar}'  plague 
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pneumonia,”  or  the  plague  may  involve  the 
lungs,  among  other  organs,  during  the  course 
of  the  septicoemic  form,  thus  producing 
“ secondary  plague  pneumonia.” 

And,  thirdly,  as  Dr.  Leumann  observes, 
invasion  by  absorption  from  the  alimentary 
canal  “ is  quite  a likely  mode  of  invasion,  and 
should  not  be  forgotten  as  a possible  one.” 

Dr.  Herbert  observes  that,  in  the  more  fatal 
septicoemic  type  of  plague,  in  which  there  are 
few,  or  no,  obviously  enlarged  glands,  the 
bacillus  is  found  in  large  numbers  in  the  blood  ; 
but  in  the  ordinary  bubonic  type  the  blood  is 
not  the  chief  seat  of  the  disease.  The  members 
of  the  Russian  Plague  Commission  in  Bombay, 
Professor  Wysokowicz  and  Dr.  Zabolotny, 
found  that,  in  bubonic  cases,  the  enlargement  of 
the  glands  was  mostly  due  to  the  presence  of 
enormous  numbers  of  bacteria.*  In  primary 
pneumonic  plague,  the  sputum  is  full  of 
baeilli.  These  facts  show  that  the  microbes 
multiply  after  they  enter  the  body. 

Observations  in  the  hill  tracts  of  Northern 
India  favoured  the  conclusion  that  the  period 
elapsing  between  the  infection  of  the  patient 
and  the  manifestation  of  plague  symptoms  is 
very  short.  Dr.  Hutcheson  says  that  the 
disease  may  prove  fatal  “ within  24  to  48  hours 
after  exposure  to  infection.”  The  period  of 
incubation  was  supposed  at  Hongkong  to  range 
from  two  and  a half  to  six  days  ; but  in  some 
cases  to  be  as  long  as  nine  days.f  In  malignant 
epidemics.  Dr.  Payne  says  that  the  period  may 
be  shorter,  and  may  be  even  reduced  to  less 
than  a day.  Generally  a week’s  observation 
would  show  whether  a suspected  person  is 
really  infected  or  not.  Dr.  Choksy  found  that, 
in  some  exceptional  cases,  the  patient’s  power 
of  resistance  and  his  general  state  of  health 
prolonged  the  period  to  twelve  days.  For  the 
purposes  of  the  plague  regulations  prescribed 
by  the  Venice  Sanitary  Convention  of  March  19, 
1897,  the  period  of  incubation  is  fixed  at  ten 
days. 

Protection  against  Invasion.  Mons. 
Haffkine’s  Prophylactic. 

The  question  of  protection  against  invasion 
is  necessarily  of  the  greatest  practical  import- 
ance. Monsieur  Haffkine’s  prophylactic  treat- 
ment by  inoculation  with  a fluid  serum, 
containing  plague  germs  destroyed  by  heat 
and  certain  products  resulting  from  the  process 
of  preparation,  has  been  much  in  favour.  Up 
to  October  last,  8,142  persons  in  Bombay  and 
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6,6oi  elsewhere  had  voluntarily  undergone  this 
treatment.  Of  the  8,142  persons  in  Bombay, 
only  18  were  attacked  by  the  plague,  and  of 
these  18,  only  2,  who  were  already  unwell  at 
the  time  of  inoculation,  died.  Of  these  persons, 
5,535  belonged  to  the  middle  classes  and 
2,119  to  the  poorest  class,  whose  condition 
rendered  them  susceptible  to  attack.  The 
immunity  atforded  was,  therefore,  remarkable. 
In  the  town  of  Mora,  419  persons,  living  in  the 
midst  of  a badly-affected  population,  were 
inoculated.  Of  these,  4 were  attacked,  but 
rapidly  recovered.  In  lower  Damaun,  there 
were  6,033  persons  who  were  not  inoculated, 
of  whom  1,482  or  24*5  per  cent,  died  of  plague. 
Of  2,797  who  were  inoculated  only  36  or  i-6 
per  cent.  died.  Very  favourable  results  were 
also  noted  at  Lanaoli  and  Kirkee.  Monsieur 
Haffkine  has  recorded,  as  the  result  of  certain 
experiments  in  the  House  of  Correction  in 
Bombay,  that  an  injection  of  the  ordinary  dose 
of  the  prophylactic  was  sufficient  to  effect 
protection,  no  repetition  of  the  dose  being 
necessary  during  an  existing  epidemic,  but 
that  the  prophylactic  is  powerless  to  arrest 
symptoms  of  plague  already  started  or 
developed  within  a few  hours.  It  might 
probably,  however,  influence  the  disease  in  the 
incubation  period  in  individuals  affected  three 
or  four  days  previously.  The  time  required  for 
producing  immunity  is  shorter  than  in  any 
known  protective  treatment  against  other 
diseases,  being  less  than  one  day ; whereas  in 
anti-cholera  inoculation  it  is  four  days,  in 
vaccination  against  small-pox  seven  days,  in 
inoculation  against  anthrax  twelve  days,  and 
against  rabies  fifteen  days.  In  order  to 
insure  more  lasting  immunity,  it  is  advisable. 
Monsieur  Haffkine  says,  to  apply  repeated 
inoculations  with  doses  larger  than  the  ordinary 
dose.  The  reason,  as  explained  by  Dr. 
Herbert,  why  repeated  doses  have  a cumulative 
effect  is  that  the  anti-plague  inoculation  is  not, 
like  vaccination,  the  introduction  into  the 
system  of  a living  organism  which  multiplies 
locally  for  some  days  in  order  to  produce 
symptoms,  or,  if  the  person  be  resistant,  “ does 
not  take,”  but  is  a “ certain  dose  of  chemical 
substances  already  elaborated  in  the  culture 
vessel.”  And  it  would  be  “ as  unreasonable,” 
he  observes,  “to  expect  a second  dose  of  these 
substances. to  produce  no  s5’-mptoms  as  to 
expect  a person  to  be  proof  against  alcoholic  , 
intoxication  after  once  drinking  a glass  of  | 
whiskey.”  The  evidence  that  has  now  been 
collected  shows  that  the  person  inoculated  is 
apparently  “ rendered  so  resistant  to  the  plague  ! 
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organism  that,  when  it  is  introduced  into  his 
system,  it  will  fail  to  multiply  or  fail  ‘ to  take.  ’ ’ ’ * 

Treatment  of  Plague  Cases. 

As  regards  the  medical  treatment  of  plague 
cases  it  is  not  necessary  that  I should  describe 
the  various  methods  adopted.  I ought,  how- 
ever, to  state  the  opinion  of  so  competent  an 
authority  as  Dr.  Arnott  that  no  remedy  has 
been  discovered  which  can  be  relied  on.  Dr. 
Childe  says  that  many  methods  have  been  tried 
in  Bombay,  “ but  none  with  certain  success.” 
Some  of  the  results  of  treatment  with  Monsieur 
Yersin’s  serum  at  the  Parel  Hospital,  and  with 
Professor  Lustig’s  serum  at  the  Arthur  road 
Hospital,  are  given  in  Dr.  Weir’s  report  already 
referred  to,  and  in  Dr.  Choksy’s  report  on 
plague  cases  treated  at  the  latter  hospital, 
where  a serum  prepared  by  Professor  Halfkine 
was  also  tried.  Speaking  from  a very  full 
experience.  Dr.  Choksy  says  that  all  that  the 
means  at  our  command  can  do  is  simply  to 
tide  the  patients  over  the  most  critical  period 
and  to  assist  nature  in  recovering  her  original 
sway  over  the  system.  “ In  fact,  the  patients 
that  left  the  hospital  alive  might  more  fitly  be 
described  as  recovered  than  cured.'' 

Communication  of  the  Plague  by  In- 
fected Persons,  and  Otherwise. 

” Local  Incubation.”  The  Means  of 
Diffusion. 

For  the  past  three  centuries  the  question 
whether  the  plague  is  contagious  or  not  has 
formed  the  subject  of  controversy.  Dr.  Hirsch 
regards  the  discussion  as  closed.  There  may 
be  a difference  of  opinion,  he  says,  as  to  the  ways 
and  conditions  of  communication,  but  not  as  to 
the  fact  itself.  During  the  recent  epidemic 
in  Bombay  opinions  were  mainly  divided  on 
the  question  whether  the  plague  is  highly  in- 
fectious or  only  slightly  infectious. 

Dr.  Ismael  Jan  Mahomed  has  expressed  the 
opinion  that  the  bacillus  existed  in  Bombay  in 
a passive  form  until  it  found  conditions  fit  for 
Its  development.!  It  has  been  variously  held 
that  the  bacillus  was  introduced  with  mouldy 
grain  sent  from  Central  India  to  Bombay  for 
sale  at  a time  when  the  famine  had  raised 
prices ; or  else  by  traders  from  Hongkong,  or 
else  by  wandering  mendicants  from  Garhwal ; 
but  nothing  is  really  known  as  to  the  time  and 
manner  of  importation.  During  the  last  few 
weeks,  I have  heard  of  two  cases  which  were 
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treated  by  Dr.  Kay,  in  the  Byculla  Infirmary' 
of  the  Great  Indian  Peninsula  Railway 
Company,  so  early  as  in  February  or 
March,  1896.  They  were  not  recognised  at 
the  time  as  plague ; but  in  the  light  of 
later  experience.  Dr.  Kay  has  no  doubt 
whatever  that  they  were  cases  of  bubonic 
plague.  Both  the  patients  recovered,  but 
other  cases  occurred  among  the  Company’s 
servants  in  June  and  July,  1896,  which  were 
fatal.  Whether  the  germs  of  plague  had 
been  long  lying  dormant  in  the  soil,  or  were 
actually  introduced  in  March  or  February, 
1896,  or  earlier,  there  can  be  no  doubt  that 
the  disease  was  present,  though  not  as  an 
epidemic,  for  several  months  before  its  real 
character  was  known  or  even  suspected. 
When,  however,  the  epidemic  was  once 
established  in  Bombay,  and  large  numbers 
of  the  inhabitants  fled  to  distant  towns 
and  villages,  they  undoubtedly  took  the  plague 
with  them.  Through  the  kindness  of  Sur- 
geon-General Pinkerton.  I am  able  to  place 
on  the  table  a map  prepared  by  Dr.  Gray- 
foot,  which  illustrates  the  spread  of  the 
disease  in  the  Bombay  Presidency  up  to  the 
1st  November,  1897. 

Several  cases  are  well  known  in  Bombay 
in  which  medical  officers  and  nurses  who  have 
attended  plague  patients  have  themselves  been 
attacked  by  plague.  Cases  have  also  occurred 
where  the  people  of  certain  districts  have 
apparently  prevented  the  intrusion  of  plague 
from  infected  areas  by  simply  keeping  out  all 
strangers.  This  was  notably  the  case  in  the 
Pardi  taluka. 

Dr.  Henderson  again  notes  that,  at  every 
place  in  Sind  where  the  plague  has  become 
epidemic,  it  has  been  preceded  by  imported 
cases. 

On  the  other  hand,  some  authorities  have 
expressed  a guarded  opinion.  Dr.  Street 
thinks  that  patients  under  proper  conditions 
are  almost  harmless,  but  that  a sick  person  in 
a dark,  unventilated  house  disseminates  the 
disease  in  some  way  to  the  inmates.  According 
to  Professor  Childe,  attendants  on  a patient  do 
not  easily  catch  the  disease,  but  they  should 
be  careful  to  wash  after  being  with  him. 
Early  in  1897,  the  opinion  was  formally  re- 
corded by  Dr.  Cleghorn,  Director-General  cf 
the  Indian  Medical  Department,  the  late  Dr. 
Henry  Cook,  Surgeon-General  with  the  Bombav 
Government,  Dr.  Arnott,  and  other  prominent 
members  of  the  medical  profession,  that  the 
disease  was,  “under  certain  conditions,  only 
slightly  contagious  or  infectious,”  and  that 
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‘‘  its  incidence  was  greatly  due  to  local  con- 
ditions.” Dr.  Clegliorn  describes  the  in- 
sanitary state  of  some  of  the  Bombay 
“ chawls,”  or  tenements,  containing  from  500 
to  1,000  inhabitants  each,  and  thought  that,  if 
the  plague  had  been  highly  contagious,  the 
plague  mortality  would  have  been  much 
greater.  A visit  to  Karachi  confirmed  the 
conclusions  he  had  arrived  at  in  Bombay. 

Mr.  Hankin  also  describes  an  incident  which 
may  perhaps  be  contrasted  with  that  already 
noticed  in  reference  to  the  Pardi  villages. 
The  people  of  Worli,  a fishing  village  a few 
miles  to  the  north  of  the  more  thickly  inhabited 
parts  of  Bombay,  refused  to  allow  any  strangers 
to  enter  it.  Here,  then,  was  “ a chance,”  Mr. 
Hankin  says,  “ for  a sanitary  cordon  to  be 
successful,  if  anywhere.  The  plague,  however, 
broke  out  suddenly  in  the  village  with  appalling 
virulence.”  Most  of  the  villagers  then  en- 
camped in  the  fields,  taking  with  them  their 
bedding  and  household  utensils.  They  came 
back  every  day  to  fetch  supplies  of  grain  from 
their  houses ; but,  after  camping  out,  they 
remained  free  from  the  disease.  If  the  plague 
germs  were  either  air-borne  or  earth-borne, 
or  carried  by  rats  or  other  ground  ani- 
mals, it  can  be  understood  why  the  cor- 
don was  not  effectual.  The  Government  of 
India  held  that  the  Worli  incident  supported 
the  view  that  the  plague  is  best  combated  by 
the  evacuation  of  infected  localities.  It  will  be 
remembered  that  De  Foe  describes  an  exactly 
opposite  procedure.  In  the  great  plague  of 
London,  houses  were  shut  up  when  the  plague 
appeared  in  them,  and  the  inmates  were  not 
allowed  to  leave  them,  and  the  results  were 
terribly  fatal. 

It  is  also  a curious  fact,  noted  b}^  Sir  William 
Robinson,  that,  notwithstanding  the  frequent 
'Communication  between  Hongkong  and  Macao, 
and  the  immigration  into  Macao  of  thousands 
from  Hongkong,  in  May,  1894,  when  the  plague 
was  raging  in  Hongkong,  not  a single  case 
of  plague  occurred  at  Macao.* 

Again,  in  March,  1897,  some  cases  occurred 
in  the  health  camps  at  Karachi  among  persons 
who  had  been  living  there  for  more  than  10 
days  ; that  is,  longer  than  the  ordinary  period 
of  incubation.  There  was  no  apparent  com- 
munication of  the  disease  by  infected  persons 
in  these  cases. 

And,  again,  a Hindu  family  lost  three  of  its 
members  from  plague  in  Bombay  and  the  six 
survivors  went  to  Katiana,  in  the  Junagadh 


* Blue-book,  “Hongkong,”  C.  7534;  1894. 


State.  Four  of  them  died  there  in  a few  days, 
and  the  two  who  then  survived  left  the  house 
they  were  in,  bnt  returned  after  several  weeks. 
There  was  nothing  to  suggest  infection  during 
their  absence.  On  their  return,  however,  they 
both  fell  ill  and  one  died.  The  inference  was 
that  the  house  had  become  infected  by  the 
four  persons  who  had  died  in  it  and  that  the 
poison  clung  to  the  house. 

Dr.  J.  F.  Payne  suggests  the  following  con- 
siderations, which  seem  relevant  to  the  question 
at  issue.  There  are  some  places  where  the 
plague  is  endemic,  or  “at  home.”  In  others 
it  is  imported.  Where  it  is  endemic,  the  poison 
is  either  kept  in  existence  as  a pure  contagious 
disease,  like  small-pox, — by  transmission  from 
one  plague  case  to  another,  — or  else  it  may 
subsist  outside  the  human  body  in  soil,  or 
water,  or  otherwise,  as  a miasmatic  disease,  like 
ague.  Further  researches  may  show  whether 
the  plague  is  both  contagious  and  miasmatic. 
In  Northern  India,  the  disease  seems  to 
depend  on  a poison  in  the  soil,  as  it  returns 
in  after  years  to  the  same  spot,  appearing  in 
many  villages  simultaneously,  and  causing 
the  death  of  ground  animals.  This  is  also 
observed  in  China.  The  plague  may,  there- 
fore, be  like  anthrax  or  steppe  murrain,  both 
miasmatic  and  contagious,  and  may  be  carried 
by  contagion  to  a distant  place,  and  then  be 
established  in  the  soil  for  a longer  or  shorter 
period,  according  as  conditions  maybe  favour- 
able. The  adoption  of  this  hypothesis  would 
“ remove  many  difficulties  attending  the  expla- 
nation of  plague  epidemics.” 

Professor  Childe  is  able,  from  recent  obser- 
vations, to  express  the  belief  that  both  parties 
are  right, -according  to  the  type  of  plague 
under  consideration.  “ In  many  cases,”  he 
says,  “ the  ordinary  bubonic  form  of  plague  is 
not  particularly  infectious,  and  every  one  has 
seen  that  attendants  on  such  cases,  both  in 
hospitals  and  private  houses,  do  not  readily 
take  the  disease  ; ” nor,  if  care  be  used  in  the 
sick  room,  is  the  patient  likely  to  convey  the: 
disease.  With  the  pneumonic  form  of  plague, 
“the  conditions  are  quite  dilferent;  for  here 
the  patient  is  freely  coughing  up  and  scattering 
around  him  what  is  practically  a virulent  pure 
culture  of  the  plague  bacillus.”  This  form  is 
highly  infectious.  Many  of  these  cases,  more- 
over, were  not,  at  first,  recognised  as  plague 
at  all,  so  that  the  usual  disinfection  was  not 
carried  out.  Pneumonic  cases  have  thus  had 
a large  share  in  spreading  the  disease.  Dr.i 
Childe  thinks  it  probable  that  the  “ Black 
Death  ’ ’ was  really  a severe  type  of  the  plague 
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pneumonia.  According'  to  the  Chroniclers,  both 
medical  and  non-medical,  the  spitting-  of  blood 
was  one  of  the  commonest  phenomena  in  the 
course  of  that  disease.*  The  bubonic  and 
pneumonic  forms  of  the  disease  were  both 
recognised  by  the  natives  of  Guzerat  in  i82o,t 
and  Dr.  Hirsch  has  no  doubt  as  to  the  identity 
of  the  fatal  Pali  plague  of  1836  (of  which, 
according  to  Forbes, J expectoration  of  blood 
was  a symptom)  with  the  “ Black  Death  ” of 
the  14th  century. 

Dr.  Henderson  thinks  that,  in  cases  of 
I importation  of  plague  by  infected  persons,  the 
; germ  requires  a period  of  “ local  incubation  ” 

I before  attaining  its  full  virulence,  and  that  the 
I imported  infection  is  not  probably  strong 
' enough  to  infect  men,  but  infects  rats  and 
through  them  the  people  of  the  country.  The 
period  of  local  incubation,  he  considers  to  be 
the  time  between  the  importation  of  a case  and 
the  infection  of  the  rats.  Human  agency, 

I according  to  this  view,  would  be  the  means  of 
importation,  and  rats  the  disseminating  agent. 
The  Plague  Commissioners,  Drs.  Reade  and 
Lowson,  also  believed  that  rats  convey  the 
disease  from  place  to  place. 

Dr.  Weir  has  pointed  out,  however,  that  the 
death  of  rats  is  not  the  first  phenomenon.  It 
I is  preceded  by  a migration  of  rats,  urged 
possibly  by  the  instinct  of  safety,  and  Mr. 

I Logan,  the  late  Collector  of  Thana,  in  his 
report  on  the  measures  taken  in  that  district, 
Ms  described  the  “Rat’s  Progress”  from 
[south  to  north,  through  successive  quarters  of 
I the  town  of  Bandora  and  to  villages  beyond  the 
j limits  of  the  town,  which  were  not  infected  till 
jthe  rats  brought  the  plague.  Mr.  Snow,  the 
^Municipal  Commissioner  of  Bombay,  in  his  able 
jreport  on  the  epidemic  of  1896-97,  observes 
|±at  the  presence  of  rats  probably  nullifies  to 
an  enormous  extent  the  advantages  to  be 
;derived  from  ordinary  remedies,  and  points 
,aut  that  the  plague  in  Bombay  followed  the 
aiigration  of  the  rats,  the  course  of  which 
Aas  generally  from  east  to  west  and  then 
I lorthwards,  up  the  sides  and  centre  of  the 
I sland. 

i Dr.  Herbert  thinks  that  an  infected  person 
probably  transmits  the  plague  to  others  in- 
ihrectly  by  means  of  articles  soiled  by  sputa 
jtnd  otherwise.  In  cases  of  primary  plague 
,meumonia,  however,  the  infection!  would  reach 
he  lungs  through  the  air.  Dr.  Hughes,  late 
1 rincipal  Medical  Officer,  Bombay  District, 

^ • Hirsch,  p.  540. 

+ Gilder;  quoted  by  Hirsch. 
t “I^ombay  Transactions,”  vol.  n,  pt.  15. 


says  that  all  the  secretions  of  a plague  patient, 
including  the  sweat,  if  not  disinfected,  are 
capable  of  infecting  others,  either  directly  or 
indirectly,  through  bedding,  clothes  or  soil. 
In  his  opinion,  the  infection  clings  to  the 
ground,  and  persons  sleeping  on  cots  have  a 
better  chance  of  escape  than  those  sleeping  on 
the  ground.  Dr.  Bhalchandra  Krishna,  Con- 
sulting Physician  of  the  Hindu  Fever  Hospital, 
says  that  cases  of  infection  by  means  of  the 
air,  by  direct  contact,  and  through  the  soil 
have  all  come  under  his  observation. 

The  fact  was  known  to  the  physicians  of 
the  1 6th  century  that  even  healthy  persons 
may  be  the  means  of  conveying  the  disease  in 
their  clothes  or  the  pores  of  the  skin,  though 
they  themselves  may  be  unsusceptible  or  slow 
to  succumb.* 

A plague  corpse  may  also  be  a focus  of 
infection,  especially  if  the  deceased  died  out 
of  hospital.! 

With  reference  to  the  question  whether  a 
microbe  can  exist  in  an  infectious  condition  for 
any  time  outside  the  body  of  a patient,  it 
appears  that  a German  investigator,  working 
in  Japan,  has  found  that  it  can  remain  alive  in 
linen  for  more  than  a month. J The  two 
Goanese  servants  who  were  attacked  with 
plague  on  arriving  in  London  from  Bombay 
were  found  to  have  unpacked  and  worn  in 
London  some  clothing  which  they  had  brought 
with  them.  It  is  supposed  that  they  were  thus 
infected  in  London,  as  they  were  in  good 
health  throughout  the  voyage. 

Growth  of  Plague  in  Bombay.  Mor- 
tality During  the  Epidemic  of  1896-97. 

It  will  be  convenient  if  we  now  consider  the 
mortality  returns  for  Bombay  during  the 
epidemic  of  1896-97.  It  would  only  tend  to 
confusion  if  I gave  details  of  the  returns  for 
places  outside  Bombay  ; but  I propose  to 
compare  the  figures  for  Bombay  itself  with 
those  of  some  other  epidemics,  as  such  a 
comparison  may  perhaps  help  us  to  appreciate 
some  of  the  factors  or  conditions  which  favour 
the  growth,  duration  and  cessation  of  epide- 
mics. 

The  first  of  the  charts  now  on  the  screen 
shows  the  average  daily  mortality  from  all 
causes  in  Bombay  for  each  week  from  May  19, 
1896,  to  June  I,  1897,  in  contrast  with  the 
average  daily  mortality  for  the  corresponding 
weeks  in  the  preceding  five  years. 

* Hirsch,  p.  540. 

+ Reade  and  Lowson. 

+ Bombay  Med.  and  P/tys.  Soc.  Jo7trn.,  vol.  i,  pt.  3. 
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In  this  chart  the  figures  in  line  B indicate  the  daily  average  mortality  from  all  causes  in  each  week,  from  May  19,  1896,  to 
June  I,  1897  : the  figures  in  line  C indicate  the  daily  average  mortality  from  all  causes  in  each  of  the  corresponding  weeks  in 
the  preceding  5 years;  and  the  figures  in  line  D represent  the  excess  of  the  daily  averages  for  1896-97  over  the  normal  daily 
averages, — or  a deficiency,  as  the  case  may  be. 
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For  the  first  six  weeks  the  ditference  between  ! 
the  two  sets  of  daily  averages  is  scarcely  i 
perceptible.  In  the  next  thirteen  weeks, — that  ^ 
is,  up  to  September  22, — the  excess  of  the 
•mortality  in  1896  is  more  marked,  but  in  no 
week  is  the  excess  of  the  daily  average  more 
than  20.  In  the  week  ending  September  29, 
it  rose,  however,  to  26,  and  in  the  following 
week  to  43.  Then  it  went  on  rising,  though 
with  fluctuations,  till,  in  the  last  week  of 
December,  1896,  the  average  daily  mortality 
rose  to  261,  or  197  in  excess  of  the  average 
daily  death-rate  of  64  for  that  week.  The 
greatest  mortality  recorded  on  any  one  day 
was  on  the  15th  January,  1897,  when  there 
were  344  deaths  ; the  number  on  the  pre- 


to  April,  1897,  when  the  variations  from  the 
normal  mortality  were  most  marked,  the  total 
mortality  exceeded  the  average  mortality  by 
nearly  20,000  deaths. 

Ihe  next  chart  shows  the  average  daily 
number  of  plague  cases, — whether  fatal  or  not, 
—reported  by  the  Municipal  Health  Depart- 
ment for  each  of  the  thirty-five  weeks  between 
October  2,  1896,  and  June  3,  1897. 

Up  to  December  3 the  daily  average  did  not 
in  any  week  exceed  19.  Then  it  rose  with  a 
few  fluctuations,  till,  in  the  week  ending 
February  18,  1897,  the  number  rose  to  123  a 
day.  Then  there  was  a steady  fall  till,  in  the 
last  week  shown  in  the  chart,  it  fell  to  9. 
There  were  fewer  cases  in  July  than  in  June, 


eding  day  having  been  229  ; but  these 
pres  are  not  shown  on  this  chart,  which 
ives  only  averages.  Then  there  was  a sharp 
ill,  with  fluctuations,  and  in  the  week  ending 
ebruary  9,  1897,  the  average  daily  mortality 
cached  271,  which  again  was  197  m excess  of 
le  daily  average  of  74  for  that  week.  Then 
lere  was  a steady  fall  till,  in  the  week 
nding  on  April  20,  the  daily  excess  was 
34-  In  the  following  week  it  fell  to  10, 
len  to  7,  and  for  the  last  four  weeks  shown 
I the  chart  the  mortality  due  to  all  causes 
as,  in  1897,  below  the  normal  mortality  of 
lose  weeks. 

During  the  seven  months  from  October,  1896, 


and  by  the  middle  of  August  the  epidemic 
seemed  to  have  spent  its  force.  But  towards 
the  end  of  August  there  was,  unhappily,  a 
recrudescence,  which  was  really  the  beginning 
of  a fresh  epidemic. 

The  first  chart  shows  that  the  total  mortality 
in  Bombay  from  all  causes  was  abnormally 
high  in  the  seven  months  from  October,  1896, 
to  April,  1897.  This  second  chart  shows  that 
the  number  of  plague  cases,  that  is,  of  seizures, 
as  officially  reported,  amounted  in  this  period 
to  11,837. 

The  third  chart  «hows  the  course  of  plague 
mortality,  as  recorded  by  the  Health  Depart- 
ment, from  September  i,  1896,  to  April  20,  1897. 
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Course  of  Plague  Mortality,  as  Officially  Registered. 
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During  the  last  fifteen  days  of  September,  the 
umber  of  recorded  deaths  from  plague  rose 
■om  I per  diem  to  15.  On  October  1,  24  deaths 
/ere  recorded.  Then  there  was  a fall,  and  the 
egistered  daily  mortality  did  not  on  any  day 
xceed  19  till  the  end  of  November.  During 
)ecember  and  January  it  rose  suddenly,  and 
n February  9,  138  deaths  from  plague  were 
egistered.  After  some  sharp  fluctuations,  the 
ame  figure  was  reached  on  February  19.  In 
le  next  four  days  it  fell  to  68,  but  rose  again 
n February  26  to  135.  Then  it  fell  steadily, 
■ut  with  fluctuations,  till  April  6,  when  23 
eaths  were  reported.  There  were  further 
uctuations,  but  in  «the  week  ending  May  3 
A^hich  is  not  shown  on  the  chart)  the  daily 
eath-rate  was  21.  In  the  next  week  it  was  15. 
'rom  May  1 1 to  28  it  was  8,  and  from  May  29 
3 June  17  it  was  4.  At  this  time  the  per- 
entage  of  fatal  cases  to  seizures  was  less  than 
uring  the  earlier  stages  of  the  epidemic.  The 
irulence  of  the  disease  had  declined,  and 
lere  was  a practical  cessation  of  the  first 
pidemic.  In  June,  there  were  98  deaths  from 
lague,  and  in  July  44. 

In  the  seven  months  from  October,  1896,  to 
.pril,  1897,  the  total  plague  mortality,  as 
fficially  recognised,  amounted  to  10,325  ; that 
to  a little  more  than  one  half  of  the  excess  of 
he  total  mortality  from  all  causes  over  the 
ormal  mortality.  This  figure  cannot,  how- 
ler, be  safely  accepted  as  representing  the 
ctual  plague  mortality.  It  is  admitted  that, 
t first,  the  system  of  death  registration  was 
efective.  It  is  not  necessary  here  to  describe 
le  defects  of  that  system,  or  the  measures 
'oposed  for  its  improvement ; but  it  is  certain 
lat  many  deaths  from  plague  of  one  type  or 
lother  were  not  recorded  as  such, — a circum- 
ance  which  can  partly  be  explained  by  such 
msiderations  as  the  following.  In  all  plague 
Didemics,  as  observed  by  Dr.  Payne,  cases 
:cur  in  which  death  takes  place  very  rapidly, 
/en  within  twenty-four  hours,  without  the 
ivelopment  of  the  special  symptoms  of  the 
sease.  As  already  pointed  out,  cases  of  the 
pe  without  enlarged  glands  were  not  at 
*st  diagnosed  as  plague,  and  Dr.  Hojel  has 
deed  expressed  the  opinion  that  there  was  no 
•ncealment,  except  to  a very  small  extent,  on 
e part  of  the  native  community,  but  that  up 
February  i,  1897,  there  was  a faulty 
agnosis,  many  cases  of  real  plague  having 
en  classed  as  cases  of  remittent  fever,  or 
ie  of  some  disease  of  the  respiratory  system, 
was,  however,  the  general  belief  that  many 
ses  were,  as  a matter  of  fact,  concealed.  If 


allowances  be  made  for  all  probable  sources  of 
error,  the  greater  part,  if  not  the  whole,  of  the 
excess  of  the  total  mortality  from  all  causes 
over  the  normal  mortality  for  the  seven  months 
in  question  ought  apparently  to  be  accepted 
as  the  actual  mortality  from  plague  ; which 
must,  in  this  view,  be  taken  to  have  been,  for 
those  months,  not  much  below  20,000. 

Assuming  it  to  have  amounted  to  20,000  in 
the  12  months  from  the  ist  October,  1896,  to 
the  30th  September,  1897,  that  would  repre- 
sent a death-rate  from  plague  of  more  than 
2-4  per  cent,  of  the  population,  if  it  had 
remained  at  its  normal  figure  of  820,000. 
During  the  plague,  however,  there  was  a large 
exodus  of  the  people.  At  one  time,  Bombay  is 
supposed  to  have  been  emptied  of  nearly  one- 
half  of  its  inhabitants.  But  there  were  many 
immigrants  also,  and  no  accurate  estimate  of 
the  actual  population  at  any  particular  time- 
seems  possible. 

In  the  whole  Presidency,  the  total  number  of 
plague  cases  reported  up  to  the  2nd  July,  1897,^ 
amounted  to  37,000,  and  the  number  of  deaths 
to  30,000,  or  81  per  cent,  of  the  seizures.  For 
reasons  similar  to  those  just  stated,  it  may  be 
assumed  that  the  actual  numbers  of  seizures  and 
deaths  were  much  larger.  I may  add  that,  up 
to  the  end  of  last  year,  56,000  deaths  from  plague 
had  been  reported  for  the  whole  Presidency. 
The  real  number  was  probably  not  less  than 
70,000. 

Mortality  in  some  Previous  Epidemics. 

It  is  interesting  to  compare  the  foregoing 
figures  with  the  alleged  or  recorded  mortality- 
in  some  other  epidemics. 

In  the  plague  of  1361-62,  the  second  of 
the  three  great  pestilences  which  devastated 
England  in  the  i^th  century,  one  half  of  the 
population  was  swept  away.*  No  registers  of 
deaths  were,  however,  kept  at  that  time. 

I am  indebted  to  Mr.  Baldwin  Latham  for  a 
most  carefully  prepared  record  of  plague 
mortality,  as  registered  in  London  since  the 
year  1538,  when  Thomas  Cromwell,  Lord  Pri\y 
Seal,  first  ordered  public  registers  of  weddings,, 
christenings,  and  burials  to  be  kept.  The 
record  is  relevant  to  the  subject  of  this  paper 
in  reference  to  one  of  the  conditions  which 
apparently  favour  the  growth  of  epidemics,  as 
I will  explain  presently.  But  I here  note  that 
the  presence  of  plague  in  London  is  recorded 
in  no  less  than  86  years  in  the  period  between 
1543  1679.  The  returns  do  not  represent 
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the  full  mortality,  as  there  are  parts  of  London 
for  which  no  registers  are  forthcoming  ; and, 
especially  after  1640,  there  was  a notable 
absence  of  returns  for  Dissenters.  In  1562 
there  were  more  than  20,000  deaths  in  London 
from  plague,  which  is  said  to  have  been 
brought  by  soldiers  returning  from  the  Con- 
tinent. In  1581-82,  nearly  7,000  deaths  were 
recorded.  In  1592,  a year  of  excessive 
drought,  11,503  persons  died  from  plague  in 
London  and  the  Liberties  thereof  between 
March  and  December.  In  the  following  year 
the  plague  raged  in  many  country  places.  In 
1625,  the  mortality  exceeded  44,000.  Again  in 
1636,  a year  of  great  drought,  it  exceeded 

10.000.  In  1665, — a hot  and  dry  year,  the 
year  of  the  Great  Plague,— there  were  68,596 
deaths  in  a population  of  494,000  ; the  number 
of  deaths  having  thus  been  i3’8  per  cent,  of 
the  population. 

In  the  plague  at  Moscow,  in  i57o> 
number  of  deaths  is  reported  to  have  been 

200.000.  At  Naples  300,000  persons  died  in  five 
months  in  1656  : in  Prussia  and  Lithuania 

283.000  persons  died  in  1704  \ i^^  Stockholm, 

40.000  in  1710;  in  Marseilles,  from  40,000  to 
/ 60,000  in  1720.  In  20-21  the  total  mortality 

in  Provence  amounted  to  87,659  in  a popula- 
tion of  250,000.*  At  Hongkong,  in  1894,  there 
were  2,550  deaths,  or  i per  cent,  in  a popula- 
tion of  255, 000,  during  the  four  months  that  the 
epidemic  lasted.  As  in  Bombay,  there  was  a 
large  exodus  of  the  people,  to  the  extent 
probably  of  100,000  of  the  inhabitants. 

Virulence  of  the  Disease  at  Different 
Times. 

The  official  returns  furnish  apparently  the 
vonly  data  from  which  any  approximate  inference 
can  be  drawn  as  to  the  virulence  of  the  plague 
in  Bombay  at  different  times.  In  the  latter 
half  of  September,  1896,  about  73  deaths  were 
reported,  but  I have  no  note  of  the  number  of 
seizures.  From  the  official  records  for  the 
twelve  months  from  October  i,  1897,  we  have 
the  results  in  a tabular  form,  as  now  shown  on 
the  screen. 

From  this  Table, it  appears  that  the  two  worst 
months  were  February  and  March.  In  April, 
the  percentage  of  deaths  to  seizures  was 
higher  than  in  January,  but  the  mortality  was 
lower.  The  percentage  and  the  mortality  were 
perceptibly  reduced  in  May,  and  much  more  so 
in  June. 
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Month. 

No.  of 
Seizures. 

No.  of 
Deaths. 

Percentage  o 
deaths  to 
seizures. 

October,  1896 

389 

276 

70-96 

November  ,, 

333 

268 

80-48 

December  ,, 

1,655 

1,160 

70-09 

January,  1897 

2,374 

1,825 

76-87 

February  ,, 

3,173 

3,072 

96-81 

March  ,, 

2,495 

2,257 

90-46 

April 

1,418 

1,267 

89-35 

May  ,, 

448 

327 

72-99 

June  ,, 

182 

98 

53-84 

July 

62 

44 

70-96 

August  ,, 

124 

70 

56-45 

September  ,, 

221 

00 

76-01 

Total  for  12 
months. 

12,874 

10,832 

84-13 

Percentag 

for 

12  months 

Virulence  of  some  other  Epidemics. 

The  old  accounts  of  plague  epidemics  do  no 
give  the  proportion  of  deaths  to  attacks.  A 
Baghdad  official  registers  were  kept  durin; 
the  outbreak  of  1876,  and  showed  that  55  pe 
cent,  of  the  attacks  were  fatal.  At  Vetlanka 
on  the  Volga,  in  the  epidemic  of  1878,  the  pei 
centage  was  90  per  cent.  In  some  villages  0 
the  Volga,  every  case  was  fatal.*  At  Hong 
kong,  in  1894,  the  percentage  for  patient 
of  Eastern  extraction  was  82,  and  for  Eure 
peans  18. 

Climatic  Conditions  Favourable  to  th 
Growth  of  Plague. 

I have  already  said  that  certain  of  tb 
plague  years  in  London  were  marked  by  e. 
cessive  drought,  and  Mr.  Baldwin  Latham  h? 
drawn  my  attention  to  the  fact  that,  thougj 
the  plague  was  present  for  many  years 
London,  yet  it  only  appeared  in  the  form 
an  epidemic  in  certain  years.  In  most  year 
it  did  not  spread  at  all.  This  circumstan<' 
points  to  the  conclusion  that  its  growth  to  tl 
dimensions  of  an  epidemic  is  probably  favour' 
by  certain  climatic  factors.  Great  dryness 
the  air  is,  in  Mr.  Baldwin  Latham’s  opinio 
one  of  these  factors.  He  finds  that  the  col 
ditions,  when  measured  by  the  dryness  of  t 
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air,  were  identical  in  the  several  London 
epidemics  and  in  the  Bombay  epidemic  of 
1896-97.  The  plague  was  at  its  worst  in  both 
cities  when  the  air  was  driest.  In  London,  in 
1592,  the  worst  months  were  July,  August,  and 
the  first  half  of  September;  in  1603, 
middle  of  July  till  early  in  November ; in 
1605-6,  and  in  the  following  year,  August, 
September,  and  October;  in  1624,  from  July 
to  the  middle  of  October;  and  in  1664-65, 
from  early  in  July  till  near  the  end  of  Novem- 
ber. In  Bombay  the  worst  months  were  from 
December  to  April,  when  the  wind  blows 
generally  from  the  north-east,  passing  over 
large  dried-up  tracts  of  land  before  it  reaches 
Bombay.  The  air  current  does  not  generally 
shift  to  the  south-west  and  become  a vapour- 
laden monsoon  wind  till  about  the  middle 
of  April.  Mr.  Nanabhai  Ardesir  Moos,  the 
Superintendent  of  the  Government  Observatory 
in  Bombay,  has  favoured  me  with  information 
regarding  the  average  weekly  rainfall  for  the 
24  years  from  1847  to  1870,  and  the  actual 
weekly  rainfall  in  1896,  which  was  certainly 
of  an  abnormal  character.  Though  the  total 
rainfall  of  1896  amounted  to  87-6  inches,  or 
15  inches  in  excess  of  the  average,  it  was  not 
distributed  over  the  rainy  months  of  the  mon- 
soon in  the  usual  manner.  The  third  week 
in  June  was  very  rainy,  the  rainfall  having- 
reached  18-23  inches,  or  ii'6o  inches  in  excess 
Df  the  average.  There  was  excessive  rain 
again  from  the  second  week  in  July  to  the 
[8th  August,  and  then  from  the  19th  August 
;o  the  29th  September  the  rainfall  only 
amounted  to  3-38  inches,  as  against  an 
average  for  that  period  of  13*06  inches.  It 
,vas  less  than  the  average  in  each  week  of  that 
aeriod.  This  circumstance  was  most  excep- 
ional,  even  for  a famine  year,  for  in  the  two 
amine  years — 1876  and  1877 — much  more  rain 
ell  in  September  than  in  September,  1896  ; and 
October,  1896,  was  dry  and  hot.  This  state  of 
he  weather  may  have  been  favourable  to  the 
‘stablishment  of  the  epidemic,  which  increased 
n virulence  as  the  air  became  drier.  The  cir- 
umstance  that  the  Hongkong  epidemic  of 
894  was  preceded  by  an  unusual  drought, 
asting  for  seven  months,  also  seems  to  sup- 
tort  Mr.  Baldwin  Latham’s  view  ; and,  though 
he  occurrence  of  rain  within  a week  after  the 
utbreak  failed  to  check  it,  yet  it  should  be 
oted  that  the  Chinese  themselves  believe  that 
ie  plague  is  favoured  by  a long  continuance 
f dry  weather,  and  that  a downpour  of  rain  for 
VO  or  three  days  will  stop  it.  The  cessation 
f the  plague  in  Naples,  in  the  17th  century. 
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seems  also  to  have  been  ascribed  to  a similar 
cause.  The  author  of  “John  Inglesant” 
says  The  night  after  Inglesant  had  met 
the  friar  in  Naples,  there  was  ‘the  sound  of 
abundance  of  rain,’  and  ‘the  plague  was 
stayed.’  As  constantly  happened  in  the  cities 
desolated  by  this  mysterious  pestilence,  no 
adequate  reason  could  be  assigned  for  its 
cessation.  Some  change  in  the  state  of  the 
atmosphere  took  place,  and  the  sick  did  not 
die  - at  least,  in  the  same  proportion  as  formerly. 
This  was  the  only  indication  that  the  most 
acute  observer  could  detect ; but  the  change 
was  marvellously  rapid.”  Mr.  Fraser,  the 
Consul  at  Pakhoi,  observes  that,  “ as  a rule, 
the  summer  rains,  washing  the  streets,  put  a 
end  to  the  plague  for  the  year.”^^ 

Dr.  Hirsch  examines,  only  to  reject,  the 
theory  maintained  by  Pugnet  that,  in  Egypt,  the 
plague  “ is  always  an  affair  of  a humid  atmo- 
sphere; ” for  many  plagues,  he  says,  “have 
broken  out  and  run  their  course  under  circum- 
stances of  place  and  time  which  have  altogether 
excluded  the  influence  of  a high  degree  of 
atmospheric  moisture. ”f 
It  has  been  noted,  however,  that  a tempera- 
ture of  80°  or  85°  Fahr.,  or  more,  “ combined 
with  absence  of  moisture,”  usually  stops  an 
epidemic. t In  Northern  India,  Dr.  Francis 
observed  that,  so  long  as  the  air  was  moist, 
the  plague  remained  unchecked  at  a time  when 
the  temperature  in  his  tent  ranged  from  83°  to 
95°,  and  when,  in  a grass  hut,  it  rose  to  105L 
He  held,  also,  that  a lower  temperature,  “ with 
dryness,”  rendered  the  poison  inert.  It  is 
difficult  to  bring  these  views  into  harmony  with 
the  generalisations  suggested  by  recent  obser- 
vations in  Hongkong  and  Bombay.  It  is 
remarkable  that  at  Alexandria,  from  1834  to 
1843,  the  plague  generally  became  epidemic 
between  October  and  January,  and  sometimes 
later.  In  most  years,  there  was  a distinct 
increase  of  mortality  in  Februai*}'.  In  1835, 
March  was  a month  of  exceptional  mortality, 
there  having  been  4,459  deaths,  against  951  in 
February  and  2,016  in  April.  It  was  obser\-ed 
that  the  epidemic  generally  ceased  in  each  year 
at  Alexandria  on  St.  John’s  day — June  24 — and 
at  Cairo  at  the  summer  solstice — June  2i.§ 
Plague  seasons  have  been  noticed  also  in 
Syria,  at  Aleppo,  Sm}Tna,  Trebizond,  Algiers, 
and  elsewhere.  In  Persia,  the  plague  season 
varies  in  different  parts  of  the  country  In 
northern  countries,  epidemics  have  generally 
started  in  the  spring,  been  most  active  in 

* Blue-book,  “Hongkong',”  C.  7451,  1894. 
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August  and  September,  and  ceased  in  winter  ; 
but  in  Moscow,  in  1770,  and  on  the  Volga,  in 
1878-79,  “the  plague  raged  during  severe 
winter  weather.”  In  Northern  India  and 
Arabia,  no  particular  association  with  the 
seasons  has  been  traced.  In  Irak,  according  to 
Dr.  Payne,  the  plague  dies  out  suddenly  in  the 
summer.  When  the  temperature  rises  above 
86°,  it  begins  to  diminish,  and  it  ceases  abruptly 
at  a temperature  of  113°.* 

The  temperature  of  the  air  would  seem, 
therefore,  to  be  also  a relevant  factor  in  con- 
nection with  outbreaks  of  plague. 

Dr.  Hirsch  sums  up  the  evidence  on  this 
point  with  the  proposition  that  “a  moderately 
high  temperature  favours  the  epidemic  pre- 
valence of  plague,  but  that  extremes  of  heat 
and  cold  mostly  cause  the  extinction  of  the 
epidemic,  or  are  little  favourable  to  its  breaking 
out.”  The  danger  of  generalising  on  this  sub- 
ject is  illustrated,  however,  by  his  further 
remark  that  even  to  this  rule  there  are  many 
exceptions  ! At  Bombay,  the  mean  annual 
temperature  of  the  year  1896  was  807°  Fahr., 
the  highest  temperature  on  record — except  in 
one  year — for  51  years.  As  regards  tempera- 
ture, therefore,  the  year  was  also  exceptional, 
and  may  have  presented  conditions  especially 
favourable  to  the  growth  of  the  plague  bacillus. 
I am  indebted  to  General  Gatacre  for  the 
valuable  chart  on  the  wall,  which  shows  the 
course  of  plague  mortality  in  1896-97  (as  in- 
ferred from  the  total  mortality)  in  relation  to 
the  daily  temperature,  the  humidity  of  the  air, 
the  velocity  of  the  wind,  the  amount  of  clouds, 
and  the  fluctuations  of  the  population.  I will 
not  discuss  the  details  of  this  chart,  but  will 
only  point  out  that  the  two  thick  black  lines 
show  the  temperature,  the  red  line  the  total 
mortality,  and  the  green  line  the  humidity  of 
the  air.  It  appears  that  at  the  time  of  the 
greatest  mortality  there  was  a distinct  lowering 
of  the  lines  of  temperature  and  humidity. 

Local  Conditions. 

It  is  difflcult  to  say  with  confidence  that  any 
particular  state  of  the  soil,  or  kind  of  soil,  or 
any  particular  elevation  pre-eminently  favours 
the  growth  of  the  plague.  Dr.  Weir  has 
pointed  out  that  there  was  an  abnormally  high 
level  of  the  sewage  in  the  arterial  sewers  of 
Bombay  after  the  heavy  rain  in  the  earlier  part 
of  the  monsoon  of  1896.  Five  millions  of 
gallons  of  water  were  daily  left  in  the  soil, 
that  being  the  excess  of  the  water  coming  into 
the  city  over  the  amount  of  sewage  going  out 
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— “a  balance  indicating  great  danger  at  all| 
times.” 

Mr.  Baldwin  Latham  observes,  in  his  report 
on  the  sanitation  of  Bombay  (1890),  that  under- 
ground water  obeys  exactly  the  same  law  asj 
water  flowing  on  the  surface,  and  that  the  fill- 
ing up  of  the  low-lying  parts  of  Bombay, 
kwown  as  the  flats,  with  refuse,  without  first 
providing  for  their  effectual  drainage,  has 
necessarily  raised  the  level  of  the  subsoil  water 
as  well  as  the  level  of  the  floods  over  the  island,, 
and  that,  as  the  process  of  Ailing  up  the  flatsj 
has  been  carried  on,  deaths  from  respiratory 
diseases  have  greatly  increased  also,  the 
mortality  from  this  cause  (not  including 
deaths  from  phthisis)  having  increased  frorr 
1,974  in  1880  to  4,132  in  1888.  Dr.  Hughee 
is  of  opinion  that  the  excess  of  subsoi 
water  due  to  the  heavy  rain  favoured  the  de- 
velopment of  the  plague  in  those  low-lyin^ 
parts  of  Bombay  in  which  it  first  appeared 
When  the  plague  reached  higher  ground  01 
Malabar  Hill  it  was  noticed  that  it  attacker 
the  people  in  huts  either  on  the  level  top  of  thi 
hill,  on  level  ledges,  or  in  a depressed  hollo\ 
from  which  there  was  no  drainage.  But  it  i 
impossible  to  deduce  any  general  theory  fron 
such  partial  observations  ; for  in  the  Himalaya’, 
districts  the  plague  has  occurred  not  only  ii 
“ cup-like  valleys,”  but  also  on  precipitou 
mountain  sides, — in  gorges  reached  only  b 
cradle  swings,  and  in  upland  slopes  close  t 
the  springs  of  rivers  ; and  in  an  atmospher 
and  climate  the  “ finest  and  purest  in  th 
world  ! ”*  It  is,  of  course,  possible  that  thes 
advantages  are  neutralised  by  the  social  cor 
dition  of  the  villagers  in  Garhwal.  Rennie,  a 
quoted  by  Hirsch,  observes  that  “ the  filth 
everywhere — in  their  villages,  their  houses,  an 
their  persons,  ....  and  the  advantage  1 
the  natives  in  other  parts  of  India  of  living  i 
the  open  air  is  lost  to  the  villagers  . . . 
from  the  necessity  of  their  crowding  togethi 
for  mutual  warmth  and  shelter  against  tl 
inclemency  of  the  weather.” 

In  Egypt,  certain  processes  in  the  soil,  wh€‘ 
it  has  been  saturated  by  the  overflow  of  tl 
Nile,  and  then  left  to  dry  by  the  waters  runnir 
off,  have  been  held  to  be  directly  concerned  ' 
the  development  of  the  disease  ; but  in  En; 
land,  Germany^  and  Scandinavia,  the  plag 
has  occurred  at  places  where  there  have  bei 
no  such  conditions  of  the  soil.f  In  Kurdista 
it  has  prevailed  in  the  severest  winter  weathij 
on  dry  limestone,  at  an  elevation  of  6,500  fe<! 
At  Assir,  in  Arabia,  the  plague  prevailed  on 
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high  plateau,  while  the  swampy  plain  below 
was  exempt.  On  the  banks  of  the  Euphrates 
it  has  been  found  in  marshy  places  ; and  in 
Bombay  the  municipal  authorities  were  dis- 
tinctly of  opinion  that  dampness  of  houses  and 
even  of  public  streets,  “had  a malevolent 
influence  on  the  propagation  of  the  disease.”* 
In  India,  the  plague  has  certainly  prevailed 
equally  in  damp  villages,  on  jungle-covered 
slopes  of  mountains,  on  the  dry  soil  of  Kathia- 
vvar,  and  on  sandy  and  barren  plains  in 
Suzerat.f  All,  apparently,  that  can  be  affirmed 
s the  negative  proposition  that  no  particular 
ioil,  or  state  of  the  soil,  and  no  particular 
flevation  has  been  shown  to  be  unfavourable 

0 the  growth  of  the  plague  bacillus  ; and  that 
t is  not  impossible  that  defective  drainage  and 
he  undue  raising  of  the  level  of  subsoil  water 
nay  favour  the  growth  of  the  plague  bacillus 
vhen  once  it  is  introduced,  and  may  at  the 
ame  time  so  lower  the  general  level  of  public 
lealth  as  to  predispose  the  people  to  attack. 

Personal  Conditions.  Susceptibility 
OF  Different  Races. 

As  regards  the  immediate  personal  condi- 
lons  which  render  a human  being  susceptible 
D an  attack,  there  seems  to  be  a fair  con- 
ensus  of  opinion  that  healthy,  well-nourished 
eople  are  less  liable  to  be  infected,  or,  if 
ifected,  are  better  able  to  resist  the  plague 
lan  the  weak  or  the  sickly  or  the  ill-fed.  This 
Dnsideration  may  perhaps  account  for  the 
Dmparative  immunity  enjoyed  by  the  mem- 
ers  of  certain  communities  in  Bombay,  and 
specially  by  Europeans  and  Mohammedans, 
id  to  a less  degree  by  Parsis  ; as  traced  in  the 
lart,  which  will  now  be  shown  on  the  screen, 
uropeans  enjoyed  comparative  immunity 
so  in  Hongkong  in  the  epidemic  of 
*94,  but  not  to  the  same  extent  in  the 
)idemic  of  1896  ; and  in  Egypt  it  was 
)serv'ed  that  “the  larger  number  of  plague 
?aths  occurred  among  the  Negroes,  next  to 
em  among  the  Berbers  and  the  Nubians, 
id  in  the  third  degree  among  the  Arabs ; 
lile  the  Europeans  were  the  most  favourably 
iated,  those  from  the  northern  countries  in 
e first  place,  and  less  so  the  southerners 
urks,  Greeks,  and  Armenians).”  Dr.  Hirsch 
inks  it  probable  that  the  “social  element” 
^es  the  key  to  such  differences,  not  that 
ly  can  with  any  confidence  be  attributed 
degrees  of  racial  or  national  predisposition. 

1 the  Himalayan  slopes,  the  plague  has  not 
"ead  among  Europeans.  Their  number, 

• Mr.  Snow’s  “ Report.”  f Hirsch. 


however,  is  small.  Nor  can  we  forget  that 
for  a long  series  of  years,  the  plague  was 
practically  endemic  on  European  soil  ; but 
even  then  it  was  the  poor  who  suffered.  This 
was  so  in  the  Great  Plague  of  London  ; and 
even  300  years  earlier,  it  was  noticed  of  the 
plague  of  1362  by  a contemporary  writer, 
Symon  de  Covino,  as  narrated  in  Mr.  Wright’s 
introduction  to  “Piers  Plowman,”  that  “he 
who  was  ill-nourished  with  unsubstantial  food 
fell  before  the  slightest  breath  of  the  destroyer. 
To  the  poor,  death  was  welcome,  for  life  is 
to  them  more  cruel  than  death.  But  death 
respected  princes,  nobles,  knights,  judges, 
gentlemen.  Of  these,  few  die,  because  their 
life  is  one  of  enjo3'’ment.”  It  is  added,  however, 
that  another  pestilence  came  which  visited  the 
classes  who  had  before  escaped,  because  they 
had  not  profited  by  the  warning  given  them. 

Dr.  Grayfoot  says  that  “the  filthy,  insanitary 
houses  and  chawls  in  which  the  poorer  natives 
live,”  and  their  “ utter  disregard  ” for  sanitary 
laws,  are  “ all  important  factors  to  be  remem- 
bered ” in  connection  with  the  firm  hold  taken 
by  the  plague  in  the  city  of  Bombay.  Dr.  Weir 
estimates  that  70  per  cent,  of  the  population 
live  in  tenements  of  the  class  inspected  ,by 
Dr.  Cleghorn,  to  which  I have  already  referred. 
“Overcrowding,”  says  Dr.  Arnott,  “ is  a great 

evil  in  Bombay I have  seen  rooms 

occupied  and  overcrowded,  which  had  no 
window  or  means  of  ventilation  except  the 
door,  and  so  dark  that  at  noon  one  required  a 
light.”  Dr.  Hughes  remarks  that  the  locality 
where  the  plague  first  appeared  was  crowded, 
but  was  not  otherwise  peculiarly  favourable  to 
the  development  of  the  disease.  Some  of  the 
houses  in  this  part  of  the  city  were  inhabited 
by  people  in  good  circumstances,  but  are  said 
at  first  to  have  been  very  dirty.  Mr.  Playford 
Reynolds  tells  me  that,  when  he  visited  these 
houses  in  March,  while  on  inspection  duty 
with  Dr.  Pollen,  he  found  them  clean  and 
well  ventilated.  The  plague  did  not  again 
appear  in  them  during  the  epidemic  of  1896-7. 

All  authorities  are  agreed  that  the  accumula- 
tion of  filth  in  str«ets  and  houses,  the  defective 
disposal  of  refuse  of  all  kinds,  the  overcrowd- 
ing and  insufficient  ventilation  of  dwellings, 

“ the  frightful  misery”  resulting  from  the  dis- 
regard of  considerations  of  rational  hygiene, 

“ in  all  that  relates  to  dwellings,  clothing,  and 
the  like,”  have  always  fostered  the  epidemic 
prevalence  of  plague.  “The  classes  most 
exposed  to  such  injurious  influences  have 
suffered  from  plague  most  severely.”  * 

* * Hirsch. 
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xiTiATioN  OF  Preventive  and  Reaiedial 
Measures  at  Bombay  by  the 
Government. 

It  was  to  the  necessity  for  the  abatement,  as 
ar  as  possible,  of  all  injurious  influences  and 
f destroying  the  exciting  factors  of  disease, — 
hat  is,  the  living  poison-germs  themselves, — if 
ussible  and  where  possible, — (a  task  of  the 
tmost  difficulty  when  the  germ  has  once  crept 
1 unnoticed  and  began  to  multiply  in  a crowded 
opulation) — that  attention  was  directed,  after 
had  once  become  clear  that  an  epidemic  of 
lague  was  establishing  itself  in  Bombay. 

On  September  28,  1896,  Dr.  Cook,  the  late 
urgeon-General  with  the  Government  of 
lombay,  reported  that  he  had  seen  about 
wenty  cases  of  a mild  type  of  bubonic  plague 
1 Bombay,  and  that  preventive  measures  were 
1 active  operation.  On  September  29,  the 
iovernment  directed  Dr.  Clarkson,  the  Sanitary 
Commissioner,  and  Dr.  Waters,  to  give  all 
ossible  help  and  advice  to  the  Municipal 
[Commissioner,  and  appointed  a Committee  of 
nquiry,  of  which  the  Municipal  Commissioner 
’as  the  president,  and  the  Executive  Engineer 
f Bombay,  the  Sanitary  Commissioner,  and 
3me  of  the  leading  physicians,  European  and 
ative,  were  members.  On  September  30,  the 
urgeon-General  reported  that  the  disease  had 
robably  been  in  existence  for  more  than  a 
lonth,  and  that  the  utmost  activity  prevailed 
1 the  infected  area  on  the  part  of  the 
lunicipal  Health  Department.  On  the  ist 
'ctober  he  forw’arded  the  committee’s  report, 
nd,  on  his  requisition,  two  assistant-surgeons 
nd  four  hospital  assistants  w’ere  supplied  by 
overnment  to  attend  on  the  sick.  Two  more 
ssistants  were  supplied  later  in  the  month, 
uburban  municipalities  were  also  warned,  and 
irnished  with  the  means  of  detecting  the 
ilague.  At  the  same  time,  the  Government 
opointed  a Scientific  Committee  to  ascertain 
le  nature  and  history  of  the  disease.  The 
te  Dr.  Manser,  senior  physician  of  the 
imsetji  Hospital,  was  the  president  of  this 
)mmittee.  He  was  attacked  by  the  plague 
irly  in  January,  while  engaged  in  his  pro- 
ssional  duties.  His  death  was  deeply  de- 
ored  by  all  classes  of  the  community,  by 
horn,  as  by  the  Government,  it  was  regarded 
> a public  calamity.  Professor  Childe,  of  the 
rant  Medical  College,  was  also  appointed  a 
ember  of  this  committee,  in  association  with 
-ofessor  Haffkine  and  Mr.  Hankin,  and  a 
)ung  Parsi  physician.  Dr.  Surveyor,  who  was 
e first  medical  man  to  identify  the  plague 


microbe  in  Bombay.  On  the  6th  October,  the 
Municipal  Commissioner  issued,  with  the 
sanction  of  the  Government,  a notification 
under  section  434  of  the  Bombay  Municipal 
Act,  and  from  that  date  he  possessed  the 
requisite  legal  power  to  enable  him  to  enter 
and  disinfect  buildings,  to  remove  goods 
therefrom,  to  remove  to  hospital  persons 
suffering  from  plague,  and  to  isolate  houses 
in  which  cases  of  plague  had  occurred.  The 
measures  at  first  enforced  under  this  notifica- 
tion increased  the  alarm  already  caused  by  the 
spread  of  the  disease,  and  Mr.  Snow  found  it 
necessary,  before  the  end  of  October,  to  relax 
the  stringency  of  his  original  regulations  for 
segregation  and  removal.  He  explains  very 
fully  in  his  report  that  panic  was  thus  allayed 
and  other  evils  averted,  which,  at  such  a 
time,  would  have  involved  “the  absolute  ruin 
of  the  city  and  the  cessation  of  all  sanitary 
measures  both  then  and  thereafter.”  I will 
revert  to  this  matter  presently. 

Measures  taken  by  the  Municipal 
Authorities. 

I will  make  no  apology  for  giving  precise 
details  of  the  more  important  measures  taken 
by  the  municipal  authorities.  Infected  houses 
were,  from  the  beginning,  treated  practically 
as  if  they  were  on  fire,  and  were  flushed  from 
flushing  pumps  and  fire-engines  with  water 
charged  with  disinfectants,  chiefly  cresol  or 
phenyle  preparation  and  permanganate  of 
potash.  Sulphur  was  burnt  inside  houses, 
particular  parts  of  which  were  also  lime- 
washed.  Drainage  pipes  were  specially  dis- 
infected, and  when  in  bad  order  were  removed 
or  cleaned.  Disinfectants  were  freely  used, 
not  only  in  infected  houses,  but  in  the  adjoin- 
ing houses,  and  were  freely  distributed  to  the 
people.  All  obstructions  to  the  entrance  of 
light  and  air  were  removed  as  far  as  possible. 
In  every  part  of  the  city  tiles  were  taken  off 
the  roofs  of  houses  ; thousands  of  persons  were 
removed  from  infected  buildings  ; and  all 
domestic  refuse  and  articles  likely  to  be  in- 
fected were  burnt  or  exposed  to  the  sun  or 
disinfected. 

Besides  lime-washing  affected  houses,  the 
municipal  officers  undertook  the  work  of  lime- 
washing throughout  the  city  and  its  suburbs 
on  a very  large  scale,  in  advance  of  the 
disease.  A large  staff  was  engaged  for  this 
work  in  December,  1896.  But  lime-washing 
was  begun  in  September,  and  was  continued 
until  the  following  March.  Duringthese  seven 
months  the  municipality  issued  lime-washing 
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notices  to  3,507  owners  of  houses,  and  made 
similar  demands  in  other  forms  on  many 
others. 

Whenever  infected  houses  had  been  thor- 
oughly cleansed  and  vacated  for  a short  time, 
fresh  cases  of  plague  rarely  occurred  in  them. 
There  were  some  lamentable  exceptions,  how- 
ever, to  this  rule,  and  among  the  photographic 
slides,  which  I will  show  you  presently,  I have 
one  of  a house  in  which  no  less  than  53  deaths 
occurred. 

Very  early  in  October,  before  the  disease 
appeared  in  the  Fort  district,  which  contains 
36,796  inhabitants,  concentrated  in  1,664 
houses,  that  district  and  also  the  Market 
section,  which  contains  44,751  inhabitants  in 
1,724  houses,  were  taken  in  hand,  and  alleys, 
court-yards,  drains,  and  portions  of  houses 
were  flushed  and  disinfected.  General  mea- 
sures were  also  taken  to  destroy  and  burn  dead 
rats. 

A house-to-house  visitation  by  medical 
officers  was  also  instituted,*  and  poor  patients 
were  treated  as  far  as  practicable  in  their  own 
houses  and  given  relief  in  money.  Dr.  John 
Pollen,  the  acting  Collector  of  Bombay,  did 
g-ood  service  by  starting  a fund  for  this  purpose, 
and  aid  was  thus  given  to  many  poor  sutferers 
when  their  need  was  the  sorest. 

Street  watering  was  also  suspended,  and 
from  the  outset  the  water  supply  was  stopped 
and  reduced  wherever  it  produced  excessive 
dampness.  In  the  low-lying  district  of 
Kamatipura,  which  has  a population  of  29,203, 
the  whole  of  the  water-pipes  were  cut  off  inside 
buildings,  and  stand-pipes  were  put  up  out- 
side. All  unclaimed  dead  bodies  were  cremated 
at  the  expense  of  the  municipality.  All 
temporary  huts  and  shelters  in  which  plague 
had  occurred  were  burned.  Buildings  unfit 
for  human  habitation  were  condemned  under 
magisterial  orders.  Infected  warehouses  were 
closed  for  twenty  days  and  infected  shops  for 
two  days  each,  and  were  also  disinfected,  with 
their  contents. 

. As  observed  by  Mr.  Snow  in  his  report  of 
October  2,  1897,  “ every  kind  of  measure 
known  to  science  was  tried  in  Bombay  at  one 
time  and  another,  and,  as  further  experience 
was  gained,  the  measures  were  modified  from 
time  to  time.”  The  Municipal  Executive  had 
to  deal  with  a rising  epidemic,  and  encountered 
the  brunt  of  it  till  the  crisis  was  passed,  and 
Mr.  Snow  is  able  to  record  the  fact,  noticed  by 
all  leading  scientists  who  came  to  Bombay, 
that  never,  in  the  course  of  history,  had  a 
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rising  epidemic  of  plague  in  a vast  city,  such 
as  Bombay,  been  kept  within  such  moderate 
bounds. 

Deputation  of  Dr.  Cleghorn  to  Bombay., 
Early  in  January,  1897,  the  Government  of' 
India  deputed  Dr.  Cleghorn  to  study  thel 
position  of  affairs  in  Bombay  and  to  settle  a. 
plan  of  action  in  the  event  of  the  spread  of  the 
plague  to  other  places.  Acting  on  the  view 
(to  which  I have  already  referred)  that  the 
incidence  of  plague  was  greatly  due  to  local, 
conditions,  he  recommended  the  removal  from 
infected  houses  of  all  their  inmates,  the  healthy 
as  well  as  the  sick,  in  order  that  the  Health 
Department  might  the  more  effectually  carr} 
on  the  work  of  cleansing  and  disinfection 
The  adoption  of  his  proposals  to  their  ful 
extent  would  have  involved  the  construction  o 
health  camps  for  about  30,000  persons  0 
different  races,  castes  and  creeds  ; and  withii 
the  limits  of  the  municipality  there  was  n( 
site  which  would  have  accommodated  one 
tenth  of  this  number.  It  would  have  takei 
several  months  to  construct  the  requisite  hut, 
or  sheds  on  account  of  the  scarcity  of  material 
and  especially  of  labour,  about  300,000  peopL 
having  already  left  Bombay  ; and  the  build 
ings,  when  ready,  could  have  been  used  onl; 
for  a short  time,  as  the  light  material  0 
which  they  were  to  be  made  would  hav 
provided  no  shelter  against  the  monsoo) 
rains.  Moreover,  an  attempt  to  remove  man 
thousands  of  healthy  people  to  temporary  hut 
outside  Bombay  could  not  have  been  mad 
without  a show  of  force,  such  as  indeed  wa 
necessary  later  in  the  year  when  the  work  c 
segregating  the  sick  was  carried  out  system 
atically.  Such  an  attempt  in  January  c 
February  would  have  frightened  the  people 
emptied  Bombay  of  the  whole  staff  of  sweeper 
and  scavengers  employed  on  its  ordinary,  dail}| 
sanitary  work— a disaster  more  terrible  tha 
the  plague  itself — and  completely  paralysed  a 
trade  by  closing  shops,  mills,  docks,  and  man, 
other  places  of  business.  But  though  th! 
adoption  of  Dr.  Cleghorn’ s proposals  in  the 
entirety  was  found  to  be  impracticable,  tl: 
Bombay  Government  distinctly  recognised  th, 
evacuation  of  infected  houses  and  the  segrr| 
gation  of  the  healthy  as  desirable  measure 
which  should  be  carried  out  to  the  utmo 
limit  consistent  with  the  avoidance  of  a gener 
panic  ; and  on  the  23rd  February  the  Goverij 
ment  of  India  was  informed  that,  on  tli 
occurrence  of  the  plague,  and  even  before  i| 
outbreak,  gangs  of  labourers  had  been  er 
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)loyed  in  taking  off  the  roofs  of  houses, 
lundreds  of  which  had  in  consequence  been 
acated  and  that  huts  had  been  erected  for  the 
nmates.  The  general  object  in  view  had  thus 
leen  studiously  prosecuted.  In  the  course  of 
he  correspondence,  the  Government  of  India 
xpressed  its  appreciation  of  the  liberal 
measures  sanctioned  by  the  Municipality  and 
f the  energy  displayed  by  the  Municipal 
Commissioner,  the  Health  Officer,  the  Executive 
engineer  of  the  Municipality  (Mr.  C.  James), 
nd  their  subordinates.  The  Bombay  Govern- 
lent  recorded  its  opinion  that  these  officers 
ad  shown  sound  sense  also.* 

Plague  Hospitals. 

Such  plague  cases  as  could  be  segregated 
•ere  at  first  sent  to  the  Municipal  Hospital  in 
irthur-road,  which  was  opened  for  the  treat- 
lent  of  infectious  diseases  before  there  was 
ny  indication  of  the  plague.  Up  to  October, 
896,  the  only  other  hospital  where  plague 
ases  could  be  received  was  St.  George’s 
lospital,  which  was  available  only  for 
, uropeans.  In  October,  two  private  hospitals 
ere  opened  by  the  Hindu  community  for 
lindu  patients,  but  were  closed  on  account  of 
le  high  mortality  in  them  and  the  alarm 
lused  by  the  establishment  of  hospitals  in 
rowded  localities.  In  December,  hospitals 
ere  opened  for  Parsis  and  Jains  and  for  the 
orkpeople  on  the  Port  Trust  estate  ; and,  in 
anuar}',  for  Hindus  and  servants  of  Europeans, 
luch  good  work  was  done  in  this  latter 
aspital,  under  the  supervision  of  Professor 
swald  Muller,  of  the  Elphinstone  College,  and 
*r.  Barker,  at  a critical  time  when  alarm  was 
)reading.  The  attention  and  kindness  shown 
patients  went  far  to  arrest  the  flight  of 
)usehold  servants,  which  had  already  begun, 
he  old,  historic  Government  House  at  Parel 
as  placed  by  Lord  Sandhurst  at  the  disposal 
the  Health  Department  in  February,  and 
as  afterwards  maintained  in  complete  working 
der  by  General  Gatacre’s  committee.  It  had 
Tely  never  been  put  to  a nobler  use.  A jail 
)spflal  in  Parel-road,  a second  municipal 
)spital  in  Grant-road,  and  fourteen  private 
)spitals  were  established  in  March.  In  the 
•urse  of  this  month,  the  sanitary  administra- 
>n  of  Bombay  was  entrusted  by  the  Govern- 
ent  to  General  Gatacre’s  committee,  and  to 
e measures  adopted  by  that  committee  I will 
esently  refer.  In  April  and  May,  seventeen 
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more  hospitals  were  opened,  most  of  which 
were  private  hospitals.  The  map  on  the  wall, 
for  which  I am  indebted  to  General  Gatacre, 
shows  the  positions  of  the  principal  hospitals, 
the  names  of  the  District  Medical  Officers,  and 
the  number  of  houses  in  each  district,  and  also 
the  population. 

Popular  Dread  of  Ho.spitai.s. 

There  can  be  no  doubt  that,  at  an  early  stage 
of  the  epidemic,  the  poorer  classes  had  lost  all 
confidence  in  the  medical  treatment  of  plague 
cases ; and  it  is  estimated  that  only  a small 
percentage  of  persons  attacked  by  the  plague 
were  seen  or  treated  by  medical  men.  Many 
infected  persons  were  not  brought  to  the 
hospitals  till  they  were  in  a dying  state  ; and 
when  death,  hastened  possibly  by  the  fatigues 
of  a long  journey,  was  seen  in  such  cases  to 
follow  speedily  on  admission  to  hospitals,  the 
wildest  rumours  regarding  the  alleged  illtreat- 
ment  of  patients  by  medical  officers  were  spread 
abroad  and  believed.  Many  thousands  of  those 
who  fled  from  Bombay  were  impelled  by  fear 
of  the  hospitals  as  much  as  by  fear  of  the  plague 
itself.  But  flight  from  unknown  evils  was  not 
the  only  expression  of  popular  ignorance,  fear, 
and  distrust.  On  October  29,  1896,  an  attack 
was  made  by  a gang  of  about  1,000  Hindu 
mill-hands  on  the  Arthur-road  hospital,  which 
it  became  necessary  thereafter  to  protect  by  a 
police  guard  ; and  even  before  that  date  the 
members  of  the  sanitary  staff  of  scavengers 
were  “ seeking  every  excuse  to  leave  the  city, 
and  had  only  been  kept  in  hand  by  the  cease- 
less exertions  of  the  Police  Commissioner,  IMr. 
Vincent,  with  his  detective  staff,  the  Health 
Officer  (Dr.  Weir),  and  his  capable  assistant, 
Mr.  Leask.”*  There  can  be  no  doubt  also 
that  the  people  dreaded  the  separation  of  the 
members  of  families  from  each  other  which 
strict  segregation  of  the  sick  involved.  A 
Mussulman  hospital  near  the  Victoria  Gardens 
was  closed  for  this  reason,  and  a new 
one  opened  by  General  Gatacre  in  the 
quarter  where  the  patients  lived,  so  that  their 
friends  might  be  near.  And  indeed,  when 
hospitals  became  numerous,  the  relaxation  of 
the  strict  rule  of  segregation  by  the  admission 
of  friends  tended  greatly  to  allay  popular 
suspicion.  Even  so  early  as  in  January,  1897, 
Dr.  Cleghorn  saw*  indications  of  a change  in 
popular  feeling  and  noted  that  the  people  were 
beginning  to  recognise  the  advantages  of 
sanitation. 


* Mr.  Snow’s  “Report.” 
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Measures  under  the  Epidemic  Diseases 
Act.  General  Gatacre’s  Committee. 
There  can  be  no  question  as  to  the  magni- 
tude and  difficulty  of  the  work  devolving  on 
the  Health  Department,  and  though,  during 
the  latter  half  of  February,  the  mortality  was 
decreasing,  still  the  necessity  for  further 
measures  became  apparent,  not  only  on 
account  of  the  continuance  of  the  disease, 
in  spite  of  the  efforts  of  the  preceding  four 
months,  but  in  view  also  of  the  communication 
of  the  plague  by  refugees  from  Bombay  to  other 
parts  of  the  Presidency.  On  the  4th  February, 
the  Epidemic  Diseases  Act,  which  conferred 
very  large  powers  on  the  Government,  became 
law  throughout  British  India,  and  on  the  17th 
February  the  Government  empowered  the 
Municipal  Commissioner,  under  that  Act,  to 
prevent  the  use  temporarily  or  permanently  of 
buildings  unfit  for  human  habitation.  On  the 
1 8th,  the  Collector  of  Bombay,  Dr.  Pollen,  was 
appointed  to  value  all  buildings  demolished  by 
the  Municipal  Commissioner  under  the  powers 
given  him,  and  the  Superintending  Engineer, 
Mr.  Reynolds,  was  appointed  to  assist  him. 
On  the  20th  February,  special  officers  were 
appointed  as  Plague  Authorities  throughout 
the  Presidency,  exclusive  of  Bombay  and  the 
military  cantonments,  to  enforce  rules  for  the 
examination  and  detention  of  railway  passen- 
gers at  certain  stations  and  also  travellers  by 
road,  for  isolating  infected  persons,  emptying 
and  cleaning  insanitary  houses,  destroying 
insanitary  huts  and  infected  clothes  and 
regulating  burials.  On  the  2nd  March,  Drs. 
Lowson  and  Reade,  who  had  served  in  Hong- 
kong, were  appointed  Plague  Commissioners 
to  advise  and  help  all  officers  and  committees 
engaged  in  plagne  operations.  On  the  5th 
March  a committee,  consisting  of  General 
W.  F.  Gatacre  as  chairman,  and  Mr.  Snow, 
Dr.  Dimmock,  and  Mr.  James  as  members, 
was  appointed  to  carry  out  measures  of 
suppression  and  prevention  in  Bombay  under 
the  immediate  orders  of  the  Government.  The 
committee  was  invested  with  the  requisite 
legal  powers,  and  the  payment  of  all  expenses 
was  to  be  met  from  the  municipal  fund.  Lord 
Sandhurst  informed  the  Corporation  that  it  had 
become  an  Imperial  necessity,  in  consequence 
of  the  spread  of  the  plague  beyond  Bombay, 
for  the  Government  to  take  the  control  of  plague 
operations  absolutely  in  its  own  hands  in  order 
that  individual  efforts,  whether  of  municipali- 
ties, local  boards,  or  local  officers,  might  be 
systematic  and  co-operative,  and  the  methods 


employed  consistent,  complete,  and,  if  possible,, 
successful  before  the  commencement  of  the 
monsoon  rains  in  June.  The  three  principal 
objects  to  which  the  attention  of  the  com- 
mittee was  directed  were,  (i)  an  organisa- 
tion for  the  discovery  of  all  plague  cases, 
(2)  the  treatment  of  all  cases  in  hospital, 
and  (3)  the  gradual  segregation,  as  far  as 
possible,  of  persons  who  were  probably  infected 
by  living  in  the  same  room  with  plague  patients, 
or  by  attending  on  them  ; and  Lord  Sandhurst 
explained  to  the  chairman  of  the  committee  the 
importance,  in  giving  effect  to  these  measures, 
of  ensuring  respect  for  the  privacy  of  women 
and  for  religious  usages,  of  opening  the 
hospitals,  as  far  as  possible,  to  the  friends  of 
patients,  for  whom  accommodation  was  also  to 
be  provided  near  the  hospitals,  in  order  that 
they  might  see  for  themselves  that  the  patients 
were  well  cared  for,  and  of  preventing  distrust 
by  persuasion  and  firmness.  Advantage  was 
also  to  be  taken  of  the  assistance  of  native 
gentlemen,  many  of  whom  had  already  offered 
their  services.  In  the  spirit  of  these  well-, 
considered  and  considerate  instructions,  and 
with  tact,  resourcefulness,  and  energy  that  never 
failed.  General  Gatacre,  in  association  with  his 
committee,  conducted  the  requisite  plague  ope- 
rations as  long  as  the  epidemic  lasted.  The  cit> 
was  divided  into  ten  districts,  as  shown  on  the 
map,  and  commissioned  medical  officers,  drawr 
from  all  parts  of  India,  w'ere  placed  in  charge 
of  them,  with  control  over  inspectors  and  the 
sanitary  staff  which  had  been  organised  anc 
trained  by  the  Health  Department,  and  the  sub 
divisional  medical  officers  recruited  from  th< 
local  practitioners  and  medical  students. 

Employment  of  Soldiers  on  Plague 
Duty. 

Soldiers,  both  European  and  Indian,  eagerl, 
responded  to  General  Gatacre  s call  for  volur. 
teers,  officers  and  men  alike  having  sent  in  the 
names  masse.  In  all,  557  men,  of  whom  20wer 
British  soldiers,  were  employed  on  plague  dut) 
under  seven  British  officers,  ii  Native  officerij 
and  35  non-commissioned  officers,  British  an 
Native.  They  lived  in  special  segregatio 
camps,  and  were  taught  nursing  and  the  dutici 
incidental  to  the  search  of  houses  for  plagi 
cases.  The  hospital  at  Government  Hous 
Parel,  was  worked  by  military  labour,  and  Wc 
used  as  the  training  school.  Services  of  gre, 
value  were  rendered  by  this  military  continge 
at  a time  when  it  was  “ almost  impossible 
procure  servants  of  any  description  in  plagu 
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lospitals.”*  The  troops  were  also  employed 
n small  detachments  of  three  or  four  men  in 
louse-to-house  visitation  with  the  Justices  of 
he  peace  and  plague  officers,  and  in  dis- 
i nfecting  work. 

I Whether  employed  in  house-to-house  visita- 
j ion,  or  as  hospital  clerks,  store  - keepers, 

! vard-masters,  dressers,  cooks,  or  orderlies, 

1 )r  in  drawing  spring  ambulances  with  light 
Dicycle  wheels,  which  the  committee  brought 
nto  general  use,  much  to  the  comfort  of 
Datients,  the  troops  had  their  time  fully 
Dccupied.  Indeed,  sometimes  the  work  was 
3xceptionally  heavy.  It  is  gratifying  to 
Dote  the  extreme  cordiality  that  sprang  up 
Detween  the  soldiers  and  the  civil  popula- 
:ion.  “ Every  kindness,  consideration,  and 
dvility  were  shown,”  says  General  Gatacre, 
“to  the  people  by  the  men.  This  was 

:horoughly  appreciated,  and  the  result  was  the 
entire  absence  of  complaint.”  The  presence 
Df  the  troops  with  search  parties  prevented  any 
Dpposition  to  sanitary  measures  which  the 
gnorant  or  the  turbulent  classes  might  have 
Deen  disposed  to  offer,  while  the  presence  of 
•esident  Justices  gave  assurance  to  the  people 
hat  their  religion  was  not  in  danger.  Towards 
he  end  of  April,  General  Gatacre  told  me  that 
10  plague  cases  then  escaped  notice,  but  were 
mmediately  removed,  and  the  families  of 
Datients  segregated,  the  houses  being  at  the 
>ame  time  disinfected. 

Before  the  middle  of  May,  1897,  there  were 

plague  hospitals  in  working  order  through- 
put the  city,  of  which  31  were  opened  after  the 
appointment  of  the  committee.  Of  these  41 
lospitals,  27  were  private  institutions  for  the 
ise  of  members  of  particular  castes,  communi- 
ies,  or  sects,  and  were  under  the  supervision 
)f  medical  officers  working  under  tbe  Plague 
Tommittee.  All  castes,  creeds,  and  races 
oined  in  the  movement,  and  great  credit  is 
due  to  the  munificent  founders  of  these  private 
! lospitals,  and  to  the  medical  men  who  most 
pordially  came  to  the  assistance  of  the  com- 
juittee  in  working  them. 

I Hospital  Nurses. 

Hospitals  without  nurses  would  be  poor 
Dlaces ; and  the  committee  lost  no  time  in 
securing  a staff  of  competent  nurses  from 
England  and  elsewhere.  Before  their  arrival, 
j imely  assistance,  the  value  of  which  it  is 
I mpossible  to  over-estimate,  was  given,  first  of 
I ill,  to  the  municipal  authorities,  and  afterwards 
0 General  Gatacre’s  committee,  by  the  All 

* General  Gatacre’s  “Report.” 


Saints’  Sisters  at  Mazagon  and  the  Daughters 
of  the  Cross  at  Bandora ; and,  later  on,  by 
Sisters  from  the  Clare-road  Convent  and  ladies 
connected  with  the  Church  Missionary  Society; 
and  also,  I believe,  by  several  Hindu  and  Parsi 
ladies.  The  All  Saints’  Sisters  began  work 
in  the  Parsi  Hospital  on  the  6th  January, 
and  in  the  Arthur-road  Hospital  on  the  6th 
February.  Other  hospitals  were  also  served 
by  them.  The  work  was  very  heavy.  The 
very  first  night  that  one  of  the  sisters  was 
on  duty  at  Arthur-road,  no  less  than  eleven 
patients  died  in  the  hospital.*  The  Bandora 
sisters  worked  at  the  Government  House 
Hospital  at  Parel  from  the  21st  February, 
and  elsewhere  at  Bandora  and  Mahim. 
General  Gatacre’s  full  and  com.prehensive 
report  contains  some  pathetic  stories  illustra- 
ting the  gratitude  of  plague-stricken  patients 
for  the  kindness  and  care  shown  them  by 
these  brave  women,  whose  self-denying  ser- 
vices will  indeed  be  long  remembered  in 
Bombay.  One  of  their  number.  Sister  Eliza- 
beth of  Bandora,  fell  ill  of  the  plague  and 
died  at  her  post. 

The  skilled  attention  bestowed  on  plague 
cases  by  the  sisters  and,  after  they  were 
relieved  of  their  duties,  by  the  efficient  staff  of 
nurses  sent  by  the  Secretary  of  State  from 
England,  or  engaged  locally,  was  of  signal 
assistance  to  the  Plague  Committee,  and  the 
large  staff  of  civil,  military  and  medical 
officers  associated  with  them,  in  their  efforts 
to  overcome  the  popular  dread  of  hospitals 
and  opposition  to  sanitary  measures  generally  ; 
and,  long  before  the  cessation  of  the  first 
epidemic,  the  officials  and  others  employed 
on  plague  duty  were  welcomed  by  the  people 
in  their  visits  to  infected  houses  and  hos- 
pitals. I shall  not  soon  forget  a little  incident 
which  occurred  in  my  presence  a few  days 
before  I left  Bombay.  I had  accompanied 
General  Gatacre,  Dr.  Weir,  Dr.  Dimmock 
and  other  officers  in  their  daily  tour  of 
inspection,  and  as  we  were  entering  the  con- 
valescent ward  of  the  Mohammedan  hospital, 
established  by  Mr.  Adamji  Pirbhoy,  the  patients 
showed  every  sign  of  pleasure.  Many  rose 
from  their  beds,  weak  as  they  still  were,  and 
salaamed  to  us.  They  could  not  have  ex- 
pressed their  gratitude  more  unmistakeably. 

INSPECTION  OF  Passengers,  &c. 

The  Plague  Committee  undertook  other  work 
which  time  would  fail  me  to  describe  in  detail, 
such  as  the  organisation  of  an  effective  scheme 
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for  the  examination  at  certain  railway  stations 
of  trains  and  passengers  entering  Bombay  by 
the  Great  Indian  Peninsula,  and  Bombay, 
Baroda,  and  Central  India  Railways,  and  for 
the  inspection  of  the  inward  sea  traffic,  and  of 
passengers  landing  at  the  several  docks  and 
piers — a duty  which  was  most  thoroughly 
carried  out  under  the  able  supervision  of  Dr. 
MacCartie  and  Dr.  Crimmin.  The  committee 
also  assisted  in  every  possible  way  the  members 
of  the  German,  Austrian  and  Russian  Medical 
Missions,  and  the  French  and  Italian  officers 
in  their  researches.  Plague  operations  were 
also  carried  out  under  their  orders  in  the 
Kolaba  district  of  the  Bombay  Presidency, 
and  in  the  territories  of  his  Highness  the 
Rao  of  Kutch.  These  and  many  other  matters 
are  dealt  with  in  General  Gatacre’s  report. 

I should  have  wished  also  to  give  you  some 
information  as  to  the  disastrous  effect  produced 
by  the  plague  on  the  trade  of  Bombay,  and  to 
explain  the  proposals  of  the  Bombay  Govern- 
ment for  the  restoration  and  sanitary  renova- 
tion of  the  city.  But  the  subject  is  too  wide 
and  I have  already  trespassed  too  long  on 
your  patience. 

Nor  can  I speak  of  the  important  work  done 
by  the  plague  authorities  in  Karachi,  Poona, 
Satara,  Ahmedabad,  Thana,  Bandora,  and 
many  other  places  in  the  Bombay  Presidency. 
It  would  be  impossible  to  do  justice  to  so 
complex  a subject  within  the  limits  of  this 
paper. 

It  is  grievous  to  think  that,  in  spite  of  the 
heroic  efforts  which  have  been  made,  with  all 
the  aids  and  appliances  of  modern  science,  the 
disease  has  appeared  with  renewed  strength, 
and  that  an  epidemic  has  been  established  for 
a second  season  in  Bombay,  thus  repeating 
the  history  of  former  visitations  in  countries 
where  sanitary  methods  were  unknown.  No 
doubt  it  is  open  to  us  to  believe  that  the 
mortality  in  1896-97  would  have  been  higher  if 
the  plague  had  not  been  vigorously  fought 
against,  and  to  cherish  the  hope  that,  in  the 
new  Bombay,  with  an  effective  drainage 
system,  well  ventilated  streets,  and  properly 
regulated  dwellings  for  the  poor,  the  plague 
germ  will  never  again  find  a congenial  home. 
But  the  situation  is  none  the  less  depressing. 
Nor,  apparently,  can  all  reason  for  anxiety  be 
removed  unless  Science,  from  the  experience  of 
the  past  four  years,  can  suggest  some  effective 
means  of  eradicating  the  plague  bacillus  from 
all  known  plague  centres  and  protecting  all 
other  places  from  its  attacks. 

I would  only,  in  conclusion,  remind  you  that. 


dreadful  and  widespread  though  this  visitation 
has  been,  and  lamentable  the  loss  of  life,  and 
though  the  prospect  still  is  gloomy,  yet  the 
very  intensity  of  the  troubles  which  have  beset 
the  British  Administration  has  called  forth  the 
noblest  qualities  of  our  officers  and  of  private 
citizens,  European  and  Indian.  The  head 
of  the  Administration,  Lord  Sandhurst,  has 
exhibited  a calm  courage  and  determination, 
in  the  midst  of  appalling  perplexities  and 
dangers,,  worthy  of  his  high  position.  The 
efforts  directed  by  him  to  subdue  the  plague 
were  described,  as  you  may  remember,  by 
that  gallant  soldier.  Sir  Henry  Havelock- 
Allan,  in  one  of  his  last  letters,  as  “ super- 
human ; ” and  the  members  of  the  public 
service  of  all  grades  and  classes  have  borne 
and  are  still  bearing  the  unprecedented 
strain  that  has  been  put  on  them  with 
unwavering  steadiness,  while  public-spirited 
men  and  women,  not  a few,  with  no  stimulus 
of  official  responsibility  to  urge  them  on,  have 
come  to  the  help  of  the  official  authorities 
in  a spirit  of  self-sacrifice  and  devotion 
beyond  all  praise. 


DISCUSSION. 

Sir  Richard  Thorne  Thorne,  K.C.B.,  F.R.S., 
said  in  one  sense  it  was  not  at  all  appropriate  that  he 
should  open  this  discussion,  for  he  had  never  been  in 
India,  and  knew  little  or  nothing  of  Bombay.  All  he 
knew  he  had  learnt  from  others ; but  there  was  one 
all-important  point  which  occuned  to  him  in  listening 
to  the  paper,  and  that  was  that  notwithstanding  the 
almost  superhuman  efforts  which  were  made  during 
the  1896  97  outbreak,  efforts  of  which  the  nation 
might  well  be  proud,  plague  had  recurred  in  Bombay 
as  severely  as  the  year  before.  They  might,  therefore, 
ask  themselves  whether  there  was  not  some  reason 
for  this,  and  he  rather  regretted  that  Mr.  Birdwood 
had  found  it  necessary  to  pass  over,  from  want  ol 
time,  the  description  of  the  native  portion  of  Bomba)i 
contained  in  his  paper.  He  had,  however,  stated 
that  at  least  one  form  of  plague  might  in  all  probabilitji 
be  due  to  the  soil,  and  if  one  who  had  not  hadj 
personal  experience  of  plague  might  express  an 
opinion,  he  might  say  that  he  had  a distinct  con- 
viction that  the  recrudescence  of  the  malady  in 
Bombay  was  probably  largely  due  to  conditions  oji 
soil.  When  they  remembered  that  one  thimbleful  oi 
ordinary  garden  mould  w^ould  contain  millions  olj 
micro-organisms,  happily  not  pathogenic  ones,  and 
when,  as  the  result  of  experiments  made  under  hisj 
directions  for  the  Local  Government  Board,  it  was* 
proved  that  if  you  took  a soil  absolutely  free  from 
any  harmful  organism,  and  inoculated  it  with  one 
needle  point  of  typhoid  organism,  that  microbe  had| 
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ilready  grown  for  over  a year,  and  was  still  growing, 
hey  would  have  some  idea  of  the  j:ower  of  soil  as 

I medium  for  the  propagation  of  j reventable  disease, 
'de  was  at  the  Venice  Sanitary  Conference  with 
wo  other  British  colleagues,  representing  this 
•ountr)’,  and  Dr.  Cleghorn  was  the  representative 
)f  British  India,  and  he  did  not  hesitate  to  say  that 
)f  all  the  communications  made  to  that  Conference 
lone  so  deeply  impressed  the  assembly  as  Dr. 
rieghom’s  description  of  the  native  portions  of 
Bombay.  They  had  heard  of  the  chawls  from  Mr. 
Birdwood,  and  he  would  quote  something  which 
3r.  Cleghorn  said  about  them.  They  were  mostly 
;reat  buildings,  five  to  seven  storeys  high  on  the 
lat  principle,  each  flat  containing  a long  corridor 
vith  rooms  about  8 by  12  feet  in  size  opening 
nto  it  on  either  side  ; these  rooms  were  let 
lut  to  families,  and  were  ordinarily  occupied 
ly  six  to  eight  persons,  or  even  more.  The 
:onditions  of  filth  at  the  end  of  the  corridors 
le  had  better  not  enter  into.  The  buildings 
,vere  surrounded  by  others  of  the  same  sort,  and  it 
.vas  impossible,  by  reason  of  their  proximity  and 
he  consequent  overlooking,  to  let  the  window 
ipenings  remain  uncovered,  and  even  if  they  were 
ipen  the  construction  of  the  buildings  deprived  the 
luildings  of  light  and  air,  so  that  artificial  light  was 
:onstantly  required.  Then  there  were  narrow  pas- 
ages  at  the  back,  between  two  rows  of  chawls, 
vhich  were  supposed  to  be  left  for  the  scavenger,  but 
nstead  of  that  they  became  the  receptacle  of  filth 
hrown  into  them  from  all  the  rooms,  and  they  were 
lardly  ever  cleansed.  Each  chawl  was  stated  to 

: ontain  from  500  to  1,000  persons,  and  70  per  cent. 
>f  the  native  population  were  thus  housed.  Such 
daces  could  only  be  seen  in  Bombay,  and,  as 
I Dr.  Cleghorn  put  it,  the  marvel  was,  not  that 
hey  had  so  much  plague,  but  that  it  had  not  carried 
[ way  at  least  half  of  the  population.  They  could 
eadily  understand  that  no  eflforts  on  the  part  of 
ny  Government  or  municipality  could  in  an  emer- 
gency deal  with  a gigantic  evil  like  this.  He 
deeply  sympathised  with  those  who  found  them- 
elves  the  heirs  of  such  a monstrous  legacy.  It 
vas  remarked  at  Venice  by  the  representatives  of 

II  the  nations  of  the  world,  from  America  in  the 
Vest  to  Persia  in  the  East,  that  such  conditions 
/ere  the  ones  which  favoured  plague.  These  were 
ot  the  native  habitations  in  one  sense.  They 
/ere  the  results  of  Western  civilisation,  and,  as 
Dr.  Cleghorn  said,  they  had  arisen  in  connection 
/ith  the  cotton  industry.  There  was  a density  of 
lopulation  in  these  chawls  three  times  as  bad  as 

' ny  known  in  London.  His  main  reason  in  thus 
■ eferring  to  these  conditions  was  that  Mr.  Birdwood 
aid  in  one  part  of  the  paper  that  unless  science 
ould  suggest  some  effective  means  of  eradicating 
he  plague  bacillus  from  all  knowm  plague  centres, 
;bey  seemed  to  be  in  the  face  of  a hopeless 
ask.  He  entirely  agreed  that  all  sanitary  measures 
ught  to  have  a scientific  basis,  but  at  the  same 


time  this  was  not  a case  for  science  at  the  present 
moment.  There  was  a time  when  science  ha\ing 
done  all  it  could,  practice  had  to  step  in.  He  feared, 
however,  that  this  task  w’ould  occupy  practice  for 
many  years  to  come.  Although  the  disappearance 
of  the  plague  of  London  was  wrongly  attributed  to 
the  Great  Fire,  it  w'ould,  from  a purely  medical  point 
of  view,  be  a good  thing  if  the  whole  of  that  part  of 
Bombay  were  burned  down.  He  must  say  he  heard 
Dr.  Cleghom’s  description  of  modern  native  Bombay 
with  a sense  of  shame,  for  it  was  under  the  shadow 
of  Western  civilisation,  in  the  most  sinister  sense,  that 
this  sort  of  thing  had  grown  up.  Taking  these  chawls 
and  their  surroundings  as  a “ soil,”  in  its  widest  sense, 
they  constituted  places  where  the  plague  bacillus 
would  live,  multiply,  and  propagate  itself,  and 
retain  its  power  of  doing  mischief.  It  was  probably 
not  the  present  generation  which  was  responsible 
for  that  sort  of  thing  ; but,  if  it  be  true  that  it  had 
arisen  in  connection  with  cotton  industries,  it  was 
the  greed  of  gain  which  had  largely  led  to  it.  It 
was  not  now  so  much  the  time  for  science  as  for 
practice.  No  amount  of  progress  in  science,  no 
number  of  experts  employed  by  any  Government, 
could  set  aside  the  results  of  such  gross  breaches  of  the 
laws  of  nature.  Nature  herself  was  absolutely  stern  in 
allotting  punishment  as  the  penalty  for  breach  of  her 
laws,  and  she  would  accept  no  plea  in  justification. 
It  was  not  the  removal  of  the  plague  bacillus  which 
was  wanted,  but  the  removal  of  the  conditions  which 
enabled  the  bacillus  to  flourish.  The  plague  was 
brought  into  the  port  of  London  in  1896  in  three 
vessels,  but  the  newspapers  would  hardly  give  a 
couple  of  lines  to  the  intelligence,  for  the  people  ot 
England  believed  that  we  had  removed  the  conditions 
which  enabled  these  foreign  infections  to  grow  if  they 
were  imported.  He  feared  they  were  too  credulous, 
but  it  was  on  those  lines  that  we  had  abolished 
quarantine,  and  it  was  on  this  basis  that  all  English 
sanitaiy  administration  had  gone. 

Mr.  H.  A.  Acworth,  C.I.E.  (late  Municipal 
Commissioner  of  Bombay),  said  that  scarcely  anything 
had  struck  him  so  much  as  the  fact  that  it  had  been 
thought  necessary  to  defer  the  enforcement  of 
segregation  for  so  long  out  of  apprehension  of  a strike 
on  the  part  of  the  scavengers  and  sweepers.  He 
knew  very  well  what  a cessation  of  their  work  would 
mean  for  the  city.  He  had  had  a short  experience  of 
it  during  the  riots.  But  he  was  not  convinced  that 
the  risk  of  a strike  ought  not  to  have  been  incuiTcd. 
At  all  events,  it  must  be  admitted  to  be  a ver}'  serious 
fact  that  at  such  a tremendous  crisis — a crisis  of  life 
and  death,  a crisis  menacing  the  whole  continent  ot 
India,  which  menace  was  now  being  fulfilled — the 
Bombay  scavengers  should  have  been  allowed  to 
dominate  the  situation.  He  had  no  doubt  his 
successor,  Mr.  Snow,  saw  it  in  the  same  light,  and 
would  be  glad  to  free  the  city  from  such  thraldom. 
This  could  be  done  to  some  extent  as  far  as  the 
sweepers  were  concerned  by  connecting  ever}-  house 
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with  a sewer  on  the  water  - carriage  system.  This 
ought  to  be  done  as  opportunities  offered  ; and,  as 
far  as  the  scavengers  were  concerned,  though  they 
could  never  be  wholly  dispensed  with,  their  numbers 
might  be  reduced  by  reducing  the  distances  from  the 
paints  of  collection  of  street-sweepings  to  the  points 
of  disposal.  To  this  end  he  would  provide  liberally 
for  incinerators  in  all  parts  of  the  city.  He  had  made 
proposals  to  this  effect  before  he  left  India,  and  had 
experimented  very  successfully  with  an  incinerator, 
designed  by  Mr.  Garlick,  which  should  be  taken  as  a 
pattern.  With  regard  to  what  had  been  said  about 
chawls,  he  admitted  that  if  the  Bombay  chawl 
was  as  bad  as  the  Calcutta  bustee  it  was  bad,  and 
no  mistake  ; but  it  was  not.  There  seemed  to  be 
misunderstandings  on  this  subject.  A chawl  was 
simply  a lodging-house,  and  as  for  all  chawls  con- 
taining 500  to  1,000  inmates,  he  knew  plenty  of 
chawls  with  less  than  20.  In  one  sense,  the  large, 
many-storied  chawl  was  a “ product  of  Western 
civilisation,”  as  Sir  R.  Thorne  Thorne  had  said. 
That  is  to  say.  Western  civilisation  had  so  raised 
the  value  of  land  that  builders  had  to  extend  their 
houses  vertically  instead  of  laterally.  Whatever  the 
structural  defects  of  the  large  chawls,  the  Municipality 
was  not  responsible  for  them.  The  building  sections 
of  the  Municipal  Act  were  excellent  in  the  require- 
ments they  prescribed,  but,  unfortunately,  they  were 
rendered  almost  nugatory  by  one  short  sentence 
which  confined  them  to  buildings  erected  on  sites 
previously  unbuilt  upon.  By  this  provision  the  entire 
inhabited  area  of  the  city  was  excluded  from  the 
purview  of  the  Act.  Now  this  provision  was  not  in 
the  Bill  as  originally  drafted  by  his  predecessor.  Sir 
Charles  Ollivant.  It  was  inserted  subsequently : and 
by  whom  } By  Goveniment ; and  Government  was 
responsible  for  the  defects  in  the  law  in  this  particular. 
Turning  to  Mr.  Snow’s  able  report  on  the  plague, 
he  (Mr.  Acworth)  was  struck  by  that  officer  laying 
so  much  stress  on  what  had  always  been  his  own 
belief,  viz.,  that  the  high  level  of  the  subsoil  water 
in  Bombay  was  to  some  extent  answerable  for  the 
spread  of  the  plague.  He  had  no  doubt  the  city 
was  water-logged ; and  when  one  said  water-logged 
in  speaking  of  a great  city,  one  said  sewage-logged. 
Nothing  was  more  important  than  to  reduce 
this  dropsical  state,  and  this  should  be  done  by 
vigorous  measures  for  intercepting  storm  waters  on 
the  high  levels  and  carrying  them  direct  to  the  sea, 
by  enlarging  the  various  sluices,  and  by  stopping  the 
waste  of  water.  He  regretted  to  read  that  Mr.  Snow 
even  yet  seemed  doubtful  whether  the  Corporation 
would  consent  to  metering  the  water  supply.  It  was 
the  only  remedy  for  waste  : make  every  man  respon- 
sible in  his  pocket  for  the  water  running  through  his 
taps,  and  he  will  take  good  care  that  water  does  not 
run  to  waste.  He  had  pressed  this  upon  the  Corpora- 
tion with  all  his  power,  but  had  always  been  met  by 
silly,  sentimental  platitudes  about  depriving  the  poor 
man  of  his  water.  The  poor  man,  apparently,  was  to 
be  allowed  not  only  unlimited  powers  of  irresponsible 


waste  of  the  ratepayers’  money,  but  also  of  striking 
the  city  with  pestilence.  The  Commissioner,  however, 
now  had  the  ball  at  his  foot ; he  ought  to  be  able  to 
do  anything.  The  Corporation  must  be  thoroughly 
frightened,  and,  at  all  events,  ought  to  be.  No 
Commissioner  ever  had  such  a chance  before.  But 
he  well  knew  the  sort  of  difficulties  Mr.  Snow 
had  to  deal  with.  He  well  remembered  a case  in 
which  a Parsi  doctor — a man  with  a diploma  from 
an  English  school  of  medicine  (the  Grant  Medical 
College) — argued  violently  against  all  sewerage  as 
such.  He  preferred  that  the  city  should  live  amidst 
its  filth.  On  it  being  pointed  out  to  him  that  in 
one  single  sew^erage  section  the  completion  of  the 
sewerage  had  enabled  the  Commissioner  to  close 
1,800  cesspools,  he  said  he  prefen-ed  the  cesspools! 
What  could  they  do  with  men  of  that  stamp, 
or  the  constituencies  which  elected  them  } The 
fact  was  that  the  natives  of  India,  while  they  were 
keenly  appreciative  of  the  benefit  of  pure  and  abun- 
dant water,  were  absolutely  blind  to  the  advantages 
of  drainage  and  sewerage.  He  scarcely  knew  one 
who  really  comprehended  the  subject.  At  every  step 
they  would  obstruct  and  oppose.  They  would  reluc- 
tantly approve  main  sewers  and  then  jib  over  pipe 
sewers,  and  when  the  pipe  sewers  had  been  dragged 
out  of  them  they  would  oppose  house  connections. 
But  if  ever  there  was  a chance  there  was  a chance 
now.  The  same  difficulties  beset  sanitary  progress 
all  over  India.  It  was  utterly  untrue  to  say  that 
Bombay  was  a grossly  insanitaiy  town.  Judged  by 
any  standard  hitherto  found  attainable  in  the  East,  it 
was  a very  sanitary  one,  the  best,  he  was  sure,  in 
India.  It  was  as  absurd  to  condemn  it  in  the  undis- 
criminating way  he  had  heard  done  as  it  would  be  to 
say  that  there  was  not  an  enormous  deal  still  to  be 
effected.  Before  he  sat  down  might  he,  without 
egotism,  refer  to  a curious  and  interesting  statemeut 
in  Mr.  Snow’s  report  ? This  was  that  there  had  not 
been  a single  case  of  plague  in  his  (Mr.  Acworth’s) 
Leper  Asylum  at  Matunga,  and  this  although  the 
plague  had  raged  all  round  it  and  up  to  within  a few 
yards  of  it.  He  was  sure  his  friend  Mr.  Birdwood 
would  admit  that  he  (Mr.  Acworth)  was  entitled  toi 
claim  this  asylum  as  his  own,  and  he  would  go  farther 
and  yet  keep  wdthin  the  truth  and  say  that  by  the; 
policy  of  which  this  asylum  w^as  the  exemplification,) 
he  had  solved  the  leprosy  question  for  the  whole, 
of  India.  The  Leper  Bill  which  had  just  passed  the 
Government  of  India  was  the  offspring  of  Matunga. 
Whether  leprosy  confeired  immunity  from  plague  ol 
course  he  did  not  know.  Mr.  Snow,  and  he  suspected 
justly,  ridiculed  the  idea.  But  there  were  plenty  oii 
people  at  the  asylum  wffio  were  not  lepers,  the  medical 
officer  and  his  family,  the  sweepers,  and  so  on  ; and  he 
hoped  he  might  claim  that  the  immunity  was  reall); 
referable  to  the  excellent  way  in  which  the  site  had| 
been  prepared,  the  wards,  &c.,  built,  and  the  wholej 
asylum  drained  and  kept  clean  and  pure.  If  so,  it  was  d 
striking  example  of  what  might  be  done  to  exclude  thel 
ravages  of  the  plague  bacillus,  | 
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1 Dr.  W.  J.  SiMPSOX,  M.D.  (late  Health  Officer  in 
Calcutta),  said  that  Mr.  Birdwood,  in  his  very  able 
)aper,  had  {^iven  a very  vivid  picture  of  what  plague 
vas,  and  what  it  could  be,  and,  at  the  same  time,  he 
lad  made  them  acquainted  with  the  measures  employed 
n Bombay  to  stamp  out  the  disease.  He  (Dr. 
Simpson)  should  not  deal  with  the  medical  aspects  of 
)lague  further  than  to  say  that  he  had  held  the 
opinion  from  the  commencement  that  this  was  an 
expanding  epidemic,  favoured  by  local  conditions,  but 
icting  independently  of  these.  He  based  his  opinion 
)ii  the  study  of  the  gradual  recession  of  plague  from 
SVest  to  East,  until  it  had  reached  its  home  in  China, 
ind,  after  a period  of  rest,  its  gradual  recrudescence 
n China,  and  its  advance  westward  once  more.  He 
ihould  confine  his  remarks  to  the  administrative 
machinery  in  Bombay  for  the  suppression  of  the 
li.-ease,  and  he  hoped  it  would  be  understood  that 
f they  were  somewhat  of  a critical  nature,  they 
lid  not  apply  to  individual  action  or  imply  blame  to 
iny  individual.  All  those  engaged  in  plague  duty 
leserved  the  highest  possible  praise  for  their  heroic 
leeds ; they  rather  applied  to  the  system,  or  want  of 
ystem,  for  which  in  the  present  condition  of  India 
here  might  be  much  excuse,  but  which  could  not,  in 
lis  opinion,  have  any  great  effect  in  the  desired 
)bject,  namely,  the  stamping  out  of  plague  or  any 
)ther  large  epidemic.  Before  leaving  India  last 
October  he  sta^'ed  one  month  in  Bombay  and  Poona, 
tudying  the  different  forms  of  plague  and  the 
idministrative  machineiy  which  was  in  operation  for 
he  suppression  of  the  disease.  The  two  points 
vhich  attracted  his  attention  most  were,  first,  the 
p-eat  self-sacrificing  devotion  to  duty  displayed 
>y  all  those  engaged  in  attempting  to  check  the 
)rogress  of  the  disease,  and  secondly  the  inadequate 
neans  at  their  disposal  for  that  purpose.  If  individual 
•ffort  of  a herculean  nature  could  possibly  have  arrested 
he  ravages  of  plague,  it  was  certain  that  the  plague  in 
vVestem  India  would  have  been  stamped  out.  But  indi- 
idual  effort  could  no  more  stop  an  invading  epidemic 
)f  plague,  than  a few  heroes,  unsupported  by  an  army 
ind  experienced  generals,  could  stop  the  advance  of  an 
nvading  army.  The  conditions  of  India  were  such  that 
here  was  no  trained  service  to  deal  with  epidemic 
lisease,  and  the  time  had  yet  to  arrive  when  India  should 
rossess  a well-trained  army  of  sanitarians  supervised  by 
experienced  Europeans  to  combat  preventable  diseases, 
ust  as  it  now  possessed  a native  army  of  soldiers,  led  by 
British  and  native  officers.  To  turn  to  Bombay,  the 
^lague  Committee  there  consisted  of  four  members, 
ind  much  more  was  expected  of  them  than  they  could 
iossibly  perform.  One  would  have  thought  that  the 
damping  out  of  plague  was  of  such  vast  importance  at 
east  to  Bombay,  which  had  lost  1 2\ lakhs  of  rupees  at 
he  height  of  the  epidemic,  that  the  members  of  the 
?*lague  Committee  would  not  have  been  called  upon 
o perform  duties  outside  those  relating  to  plague. 
This  was  unfortunately  not  the  case,  and  the  only  one 
vho  devoted  his  whole  time  to  the  work  was  Mr.  James, 
he  engineer.  Surgeon-Major  Dimmock,  the  only 
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representative  of  the  medical  profession  on  the  Plague 
Committee,  had  to  perform  his  ordinary  duties  at  the 
Obstetric  Hospital,  of  which  he  was  the  medical 
officer.  It  seemed  to  him  (the  speaker)  a most  curious 
arrangement  that  in  an  essentially  medical  question  of 
this  sort  there  should  be  only  one  medical  man  on  the 
Plague  Committee,  and  that  that  medical  man  should 
not  be  relieved  of  his  ordinary  duties.  Further  than 
this,  disheartening  difficulties  presented  themselves  as 
regards  the  medical  staff  under  the  Plague  Com- 
mittee. First  of  all,  it  was  not  nearly  large  enough. 
He  had  a larger  staff  of  trained  medical  men  in 
Calcutta,  merely  keeping  watch  over  the  city 
with  the  object  of  stamping  out  at  once  any 
imported  case  of  plague,  than  the  Bombay  Plague 
Committee  had  at  its  disposal  in  October  last. 
Secondly,  no  sooner  had  a medical  man  become 
thoroughly  acquainted  with  the  district  assigned 
to  him  than  he  was  ordered  off  to  the  front  or 
to  some  other  locality.  The  committee  were  glad 
to  get  any  medical  men  to  join  the  search  parties  and 
assist  them.  He  joined  these  parties  and  got  an 
insight  into  the  conditions  under  which  the  people 
lived  in  Bombay,  and  bad  as  the  houses  were  in  some 
parts  of  Calcutta,  he  found  them  infinitely  worse  in 
Bombay.  In  some  localities  such  were  the  condition 
of  the  houses  that  nothing  short  of  pulling  down 
every  other  house  would  give  fresh  air  and  light  to 
those  standing.  He  trusted  his  remarks  would  be 
accepted  in  the  spirit  they  were  given,  which  was  not 
one  of  fault-finding,  but  intended  to  point  out  that 
the  system  now  in  operation  was  almost  useless  for 
the  purpose  of  getting  rid  of  plague  in  India,  and  he 
hoped  that  the  medical  officers  recently  sent  out  by 
the  India  Office  would  be  allowed  to  form  the  nucleus 
of  a properly-organised  sanitary  service. 

Mr.  Baldwin  Latham  said  he  began  many 
years  ago  to  investigate  the  very  important 
question  with  regard  to  the  sanitary  matters 
on  which  very  little  had  then  been  done.  It  had 
always  struck  him  as  a remarkable  fact  that  malarious 
countries  could  be  traversed  M’ith  immunity  in  the 
daytime,  but  a single  hour  after  nightfall  proved  fatal, 
and  he  thought  there  must  be  some  special  reason  for 
that.  He  thoroughly  believed  in  what  IMr.  Birdwood 
said  about  the  influence  of  the  sun  destroying 
germinal  matter,  but  there  was  a very  much  more 
potent  reason  than  that  why  these  malarial  districts 
were  at  night  and  not  in  the  day  so  dangerous.  He 
made  a series  of  experiments  on  earth  hygrometry  to 
find  out  exactly  the  conditions  under  which  the 
earth  parted  with  its  vapours  or  exhalations,  the  con- 
ditions under  which  they  were  condensed  or  ceased  to 
pass  off,  and  he  found,  after  some  years  of  obseiva- 
tion,  that  whenever  the  air  was  warmer  than  the  soil  con- 
densation took  place,  and  there  was  no  exhalation  what- 
ever. That  occurred  in  all  these  malarious  countries 
in  the  day  time,  but  at  nightfall,  when  the  tempera- 
ture of  the  air  fell  to  less  than  that  of  the  soil,  evapora- 
tion took  place  from  the  surface,  and  with  it  were 
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eliminated  little  organisms  whicli  produced  disease. 
Applying  this  knowledge  to  Bombay,  and  looking  at 
the  periodicity  of  the  outbreaks,  it  would  be  found 
in  a most  marked  degree  that  the  plague  followed 
actually  those  same  conditions  that  occurred  in 
malarious  countries.  The  amount  of  evaporation 
depended  on  the  temperature  of  the  dew-point.  The 
power  of  the  earth  to  part  -with  vapour  depended  on 
its  temperature  also,  and  the  higher  the  temperature 
of  the  earth  in  proportion  to  the  dew-point,  the 
greater  the  amount  of  exhalation  taking  place.  He 
found  wnth  respect  to  Bombay,  that  although 
intense  dryness  of  the  atmosphere  was  one  of  the 
conditions  under  which  the  plague  had  developed, 
there  was  a difference  of  tension  in  the  vapour  of  the 
Avater  of  the  atmosphere,  and  that  of  the  water  in  the 
earth.  The  greater  these  differences,  the  greater  the 
chances  of  malarious  influences  being  given  off.  This 
equally  applied  to  a person  suffering  from  the 
plague.  If  you  put  a patient  in  an  atmosphere  in 
which  there  was  a very  large  amount  of  vapour,  you 
would  restrict  the  vapour  passing  from  that  body, 
and  so  prevent  in  a great  measure  the  propagation 
of  the  disease  germs  passing  away  with  the  evapora- 
tion. It  was  very  easy — though  it  was  an  uncomfortable 
feeling — to  stop  perspiration  by  saturating  the  air 
with  moisture.  In  Bombay  the  greatest  dryness  of 
the  earth  takes  place  immediately  preceding  the  time 
of  the  greatest  intensity  of  the  plague.  That  w'as  to 
say,  taking  the  temperature  of  the  ground  at  60  inches 
deep,  and  calculating  the  vapour  tension  compared 
with  the  dew-point,  it  would  be  found  that  December 
was  the  month  in  which  there  was  the  greatest  amount 
of  evaporation  ; then  followed  January  and  February', 
and  then  it  began  to  decline  until  about  April  or  May, 
and  got  to  its  lowest  and  kept  pretty  constant  down  to 
September.  He  had  not  got  the  records  for  last  year, 
but  there  were  no  great  differences  in  these  tempera- 
tures from  year  to  year,  and  in  all  probability  when  it 
came  to  be  worked  out  that  would  account  for  all 
these  little  inequalities  which  occurred  in  the  curve  of 
deaths  from  plague  in  Bombay.  It  was  a curious 
thing  with  regard  to  the  plague  in  this  countiy  that 
when  it  was  most  epidemic  it  was  almost  always  pre- 
ceded by  dry  times  just  as  it  was  in  Bombay  in  1896. 
The  plague  in  Hong-Kong  in  1894  was  also  pre- 
ceded by  a dry  time,  two  rice  crops  having  previously 
failed  in  consequence  of  the  continuous  drought.  This 
was  not  the  cause  of  the  plague,  because  it  was  no 
doubt  due  to  the  disease  having  been  brought  from 
where  it  was  endemic,  and  planted  on  a suitable  soil. 
The  remedy  in  great  measure  was  to  carry  out  works 
of  a sanitary  character.  He  knew  Bombay  very  well, 
having  carefully  examined  every  portion  of  it,  and  he 
must  say  it  was  a misfortune  that  the  early  sanitary 
works  there  were  not  designed  in  a better  w'ay.  Euro- 
pean rules  had  been  applied  to  Indian  towns,  which, 
in  his  judgment,  having  regard  to  certain  circum- 
stances connected  with  the  population,  were  not  suffi- 
cient for  the  purpose.  If  Bombay  were  to  be  restored 
to  health,  it  was  absolutely  nec:ssary  that  they 


should  have  a better  sanitary  organisation.  Theit| 
should  not  be  so  many  million  gallons  of  watei 
brought  into  the  city  daily  by  the  admirable  water 
works,  and  only  a very  small  proportion  taken  ou 
again.  It  was  left  there  after  it  was  polluted  Hj 
accumulation  and  poisoned,  both  the  ground  anc| 
the  air.  When  these  conditions  were  removed,  ik| 
doubt  Bombay  would  possess  better  health  thai 
it  had  ever  enjoyed  in  the  past.  He  intended  t(' 
tabulate  the  returns  for  this  year,  and  to  make 
the  observation  public,  as  the  matter  was  of  sc 
much  importance,  so  that  people  should  see  the 
laws  which  seemed  to  govern  the  dissemination  o| 
the  plague  and  similar  diseases.  In  conclusion,  he 
said  they  must  all  feel  proud  of  their  countrymei 
who  had  come  foi-ward  to  assist  the  city  of  Bombav 
in  its  dire  distress. 

Mr.  Birdwood,  in  reply,  said  that,  at  that  lah 
stage  of  the  discussion,  he  would  not  refer  to  anj 
controversial  matter,  but  wished  to  endorse  Mr 
Acworth’s  remarks  regarding  the  Homeless  Lepe 
Asylum  at  Matunga  by  citing  the  opinion  of  Mr 
Snow  that  the  singular  presentation  of  the  30( 
inmates  of  that  asylum  was  one  of  the  mos 
remarkable  features  in  the  history  of  the  plague  ii 
Bombav,  and  was  due  to  the  fact  that  they  lived  ii 
wide,  airy,  detached  buildings,  with  free  ventilatioi, 
and  sunlight  throughout.  Mr.  Acworth  was  entitlec 
to  the  great  credit  not  merely  of  establishing  th( 
Leper  Hospital,  but  of  making  adequate  arrange 
ments,  at  the  outset,  for  the  welfare,  so  far  as  tha 
could  be  secured  by  human  effort,  of  the  unfortunatii 
patients.  As  regards  Dr.  Simpson’s  remarks  as  to  the 
failure  of  the  means  adopted  for  the  repression  of  th< 
plague  to  prevent  its  recrudescence,  he  would  inviti 
attention  to  a recent  lecture  delivered  by  Monsieu 
Haffkine  at  Poona,  in  which  reference  was  made  t( 
the  difficulties  w'hich  had  been  encountered  by  science 
in  dealing  with  certain  other  pests,  such  as  the  rabbi 
pest  in  Australia,  the  phylloxera  in  France,  and  thi 
rinderpest  in  South  Africa.  If  the  first  pair  of  rabbit 
imported  into  Australia  had  been  promptly  killed 
there  would  have  been  no  plague  of  rabbits ; and 
similar  remark  was  applicable  to  the  phylloxera,  ai| 
animal  as  large  as  the  dot  to  the  letter  “ i ” on  : 
printed  page.  The  much  smaller  plague  bacillus  wa 
much  harder  to  deal  with,  after  it  had  once  establishe(| 
itself  on  suitable  soil  in  a great  and  crowded  city 
and,  as  was  now  clear,  it  had  established  itself  it 
Bombay  for  about  five  or  six  months  before  it' 
presence  was  suspected.  No  excuses  were  needec 
for  any  possible  shortcomings  of  those  responsibl'- 
for  plague  operations.  He  (Mr.  Birdwood)  at  al 
events  would  make  no  excuses,  where  all  had  don 
their  level  best  in  pursuance  of  the  best  scientifi' 
advice  available  at  the  time.  No  doubt,  as  obseive< 
by  Sir  Richard  Thorne,  the  time  was  come  fol 
“ Practice  to  step  in  ” Avhere  Science  had  shown  th 
way.  Science  had  indeed  spoken,  but  he  (Mr 
Birdwood)  hoped  that  she  had  not  said  her  last  worq 
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le  did  not  %\dsh  to  see  the  new  Bombay  rise  on  the 
shes  of  the  present  city,  for  chemistry  ought  to  be 
ble  to  suggest  an  effective  substitute  for  the  remedy 
y fire,  which  had  been  recommended  by  some 
;ientific  experts.  Such  a remedy,  if  applied  on  a 
irge  scale,  in  so  great  a city  would  be  attended 
/ith  great  danger,  and  would  cause  great  loss  and 
istress  to  the  people.  Still,  he  saw  clearly,  as 
id  everyone  in  Bombay,  the  necessity  for  impor- 
ant  sanitary  refonns,  which  had  been  too  long 
eglected.  The  civil  authorities  had  not  lost  sight  of 
leir  duty  in  this  respect ; and  the  progressive  Govem- 
lent  of  Lord  Sandhurst,  as  at  present  constituted, 
light  be  relied  on  to  devise  and  carry  through  the 
' irge  scheme  for  the  sanitary  renovation  of  Bombay 
I 'hich  had  for  some  months  been  engaging  its  most 
arnest  consideration. 

Sir  Owen  Tudor  Burne,  G.C.I.E.,  K.C.S.I., 
n behalf  of  the  Society  of  Arts  as  well  as  of 
I he  Imperial  Institute,  begged  to  tender  very  cordial 
I hanks  to  Mr.  Birdwood  for  his  interesting  address, 
nd  to  Lord  Spencer  for  kindly  coming  to  preside, 
'he  Society  was  very  glad  to  ask  Mr.  Birdwood 

0 read  his  paper,  not  only  because  the  plague 

1 India  was  one  of  the  most  important  subjects 
’ith  which  the  Governments  of  India  and  Bombay  had 
1 contend,  but  because  they  knew  him  to  be  a man  who 
ot  only  had  filled  some  of  the  highest  positions  in 
ndia,  but  had  recently  come  home  from  Bombay, 
fter  going  through  some  of  the  experiences  he  had  so 
' raphically  described.  They  also  thanked  the  noble 
' Lairman  for  his  presence,  not  only  because  he  was 

statesman  for  whom  they  felt  great  resjiect,  but 
ecause  by  his  presence  he  showed  an  interest  in  the 
I reat  empire  of  which  they  were  all  so  proud. 

The  Chairman  said  he  desired  to  add  his  share  of 
banks  to  Mr.  Birdwood  for  the  admirable  paper 
,’hich  he  had  read.  They  knew  that  in  England, 
.’here  we  had  considerable  experience  in  sanitary 
ratters,  and  where  people  were  more  or  less  in- 
tructed,  too  often  when  trying  to  carry  out  sanitary 
’orks  there  was  an  immense  amount  of  prejudice  and 
^norance  to  cope  with  w’hich  prevented  what  was 
ecessary  being  done.  How  much  more  then  in  India, 
vhere  there  were  so  many  prejudices  and  superstitions, 
nd  where  the  people  were  less  instructed  in  these 
ratters,  must  the  difficulties  be.  They  were  all  very 
;lad  to  have  heard  from  one  so  lately  on  the  Council 
'T  Bombay,  so  interesting  and  instructive  a paper, 
nd  he  might  say,  for  himself,  it  had  given  him  great 
[tleasure  to  be  present. 


The  follorring  letter  appears  in  7%^  Times  : — 

! At  the  lecture  on  the  above  subject  given  in  the 
mperial  Institute  to-day  some  grave  reflections  were 
i rade — not  by  the  lecturer — on  the  Indian  Govem- 
rent  with  respect  to  the  housing  of  the  poor  in  the 
jity  of  Bombay,  and  therefore  the  Government 


might  possibly  be  held  responsible  for  the  outbreak 
of  the  plague.  Such  an  inference  is  unreasonable 
in  the  extreme.  We  were  told  of  the  large  amount 
of  sympathy  a certain  .Surgeon-General  from  India 
had  awakened  at  the  Venice  Conference  by  stating 
that  in  Bombay  the  poor  lived  in  chawls — i.e.,  large 
lodging-houses — to  the  number  of  a thousand  and 
upwards  in  each  chawl,  and  the  light  of  day  could  not 
enter.  .Surely  the  Surgeon-General  never  could  have 
made  such  a statement  at  Venice.  .Such  an  idea  is 
monstrous.  I have  known  the  streets  and  lanes  of 
Bombay  intimately  for  the  last  five  years,  and  I state, 
without  any  fear  of  contradiction,  that  such  places  do 
not  exist.  Last  November  I visited,  as  one  of  the 
plague-searching  party  to  find  out  concealed  cases,  a 
number  of  these  chawls,  and  in  only  one  did  I find  a 
single  room  where  the  sun  could  not  enter,  as  there 
was  no  window,  and  that  on  the  ground  floor,  and  no 
one  need  have  lived  there.  No  doubt  there  is  room 
for  improvement  in  many  of  the  chawls,  but  some  are 
very  well  built  for  light  and  air.  It  must  be  remem- 
bered that  in  Bombay  the  difficulties  are  ver\’  great. 
We  have  to  face  there  the  largest  population  per 
square  mile  of  any  city  in  the  world.  As  regards  one’s 
personal  comfort,  having  visited  for  seven  years  the 
lowest  poor  in  the  cities  of  Bombay  and  Calcutta,  I 
prefer  doing  so  to  visiting  the  same  class  in  the  large 
cities  of  England. 

Sir,  for  the  credit  of  the  Government  and  the 
honour  of  Bombay  I am  pleased  to  be  able  to  make 
the  above  statement.  It  seems  not  right,  when  the 
Government  of  India  is  bearing  such  a tremendous 
strain  as  at  the  present  time,  that  any  misapprehension 
should  be  allowed  to  gain  currency  which  may  in  any 
way  add  to  its  burden. 

Arthur  H.  Bowman  (Rev.), 

Late  Incumbent  Girgaum  and  Government  Chaplain 
Kyculla  Gaol,  Bombay. 

Church  Missionary  Society, 

Salisburj’-square,  E.C. 

February  17. 


ELEVENTH  ORDINARY  MEETING. 

Wednesday,  Feb.  23,  1898;  Sir  George 
Kekewich,  K.C.B.,  Secretary  to  the  Com- 
mittee of  Council  on  Education,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Bruce,  Major  Robert  N.  D.,  Messrs.  Vickers,  Sons 
and  Maxim,  Limited,  Sheffield. 

Couper,  John  Duncan  Campbell,  B.A.,  80,  Grosvenor- 
street,  W. 

Craggs,  C.  H.,  Elm-tree-house,  Macaulay  - road, 
Clapham,  S.W. 

Evans,  P.  F.  Sparke,  J.P.,  Trinmore,  Clifton  Down, 
Bristol. 

Hadfield,  Frederick  N.,  P.O.  Box  21 1,  Durban, 
Natal,  S.  ^A  frica. 

Pestonjee,  Nowrojee,  Ahmedabad,  India. 


334 


JOURNAL  OF  THE  SOCIEJY  OF  ARTS, 


{February  25,  1898. 


Remington,  John  Stewart,  Rromore,  Milverton, 

Leamington. 

“Worth,  Frederick  Gouner,  63,  Queen  Victoria-street, 

E.C. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Birkin,  W.  A.  G.,  Villa  Victoria,  The  Park, 

Nottingham. 

Collins,  James  Tertius,  J.P.,  Churchfield,  Edgbaston, 

Birmingham. 

Jardine,  .Sir  John,  K.C.I.E.,  34,  Lancaster-gate,  W. 
Kennedy,  James,  15,  Willow-road,  Hampstead- 

heath,  NW. 

Lamb,  Edmund  G.,  M.A.,  Old  Lodge,  Salisbary. 
Spargo,  Edmund,  3,  Cable-street,  Liverpool. 

The  Chairman,  in  introducing  Mr.  Brudenell 
Carter,  said  the  Education  Department  were  greatly 
indebted  to  him  for  his  inquiries  into  the  eyesight  of 
children  in  schools — in  fact,  he  might  be  called  the 
eyes  of  the  Department  in  that  matter,  and  he  had 
placed  his  sei^ices  at  their  disposal  without  any 
honorarium  or  remuneration  whatever. 

The  paper  read  was — 

THE  EYESIGHT  OF  CHILDREN. 

By  R.  Brudenell  Carter,  F.R.C.S. 

A Society,  which  has  for  the  sphere  of  its 
operations  the  whole  of  arts,  commerce,  and 
manufactures,  can  hardly  be  inditferent  to 
the  welfare  of  that  part  of  the  human  organ- 
ism which,  more  perhaps  than  any  other,  is 
essential  to  the  proper  cultivation  of  all  these 
fields  of  human  activity.  The  eyes  of  children 
must  usually  be  ranked  as  the  most  precious 
of  their  possessions,  and  as  possessions  which, 
both  in  the  individual  and  probably  in  suc- 
cessive generations,  are  capable  of  being 
improved  by  cultivation  and  of  being  injured 
by  exposure  to  unfavourable  conditions.  It 
will  be  my  object,  as  far  as  may  be  possible 
within  the  limits  of  time  available  for  the 
purpose,  to  direct  your  attention  to  the  chief 
agencies  which,  during  the  time  of  child- 
hood, have  been  found  to  be  either  favourable 
or  detrimental  to  vision,  and  to  show  in  what 
way  the  former  may  be  encouraged,  and  the 
latter  may  be  obviated.  For  this  purpose,  a 
brief  account  of  the  eye  as  an  instrument 
seems  to  be  an  essential  preliminary. 

In  its  general  characters  the  eye  resembles 
a photographer’s  camera.  It  is  a sort  of  box, 
spherical  in  outline,  formed  of  a strong  and 
dense  external  tunic,  blackened  or  at  least 
darkened  interiorly,  presenting  in  front  a 


transparent  window,  called  the  cornea,  , 
coloured  diaphragm  or  stop,  the  iris,  with 
central  opening  for  the  admission  of  light] 
called  the  pupil,  and  a bi-convex  lens,  whici 
forms,  at  its  focal  length,  a reduced  an^ 
inverted  image  of  the  objects  of  vision.  Thi| 
image  falls  upon  a membrane  called  th' 
retina,  which  corresponds  to  the  ground  glasj 
screen  of  the  camera.  If  we  take  the  eye  of 
freshly  killed  animal,  and  carefully  peel  off  th 
investing  membrane  at  the  back,  so  as  t 
expose  the  retina,  and  then  turn  the  front  c| 
the  eye  towards  the  landscape,  we  shall  see  a 
inverted  image  or  picture  of  this  landscapi 
in  the  eye,  just  as  we  should  see  it  on  th 
glass  of  a Kodak  when  selecting  a point  C: 
view  for  a picture.  The  picture  in  the  eyt 
when  this  is  in  proper  focus,  is  better  than  tha: 
of  an  ordinary  camera,  because,  on  account  c 
the  curved  shape  of  the  eyeball,  all  parts  of  th 
retina  or  screen  are  at  the  same  distance  fror 
the  lens.  In  the  camera,  as  w'e  all  know,  th 
centre  of  the  flat  glass  screen  is  nearer  to  th 
lens  than  the  marginal  parts,  and  henc(i 
although  the  defect  is  rendered  practical! 
unimportant  by  various  mechanical  cor 
trivances,  a picture  which  is  centrally  perfec 
is  less  w'ell  defined  at  its  boundaries. 

The  retina  itself  is  an  exceedingly  compi 
cated  nervous  structure,  of  which  the  mos 
important  portion,  as  far  as  we  are  now  cor 
cerned  with  it,  is  an  infinitely  fine  mosaic 
formed  by  the  terminations  of  the  innumerabl 
fibres  of  the  optic  nerve.  The  closely-packe, 
elements  of  this  mosaic  are  brought  b 
reciprocal  pressure  inro  hexagonal  form,  an 
each  tiny  hexagon  is  the  terminal  surface  of 
fibre  which  conducts  the  visual  impressio 
made  upon  it  to  the  brain.  How  this  conduc 
tion  is  effected,  or  how  the  merely  physicc 
picture  produced  within  the  eye  is  translate; 
into  consciousness,  we  do  not  know.  Whs| 
we  do  know  is  that  clear  definition  in  th 
picture  is  essential  to  clear  perception  by  th 
mind.  If  we  look  through  a telescope  which  i 
out  of  focus,  the  retina  receives  a blurred  image] 
and  from  this  the  mind  obtains  only  a corres 
pondingly  blurred  idea. 

The  production  of  a clear  image  upon  th, 
retina,  like  the  production  of  a clear  image  it 
a camera,  depends  upon  the  simple  conditioi 
that  the  lens,  by  which  the  image  is  formec 
shall  be  of  the  right  strength,  and  shall  b 
situate  at  the  right  distance  from  the  screer| 
The  focal  length  of  a lens  is  measured  by  th 
distance  from  it  at  which  parallel  rays  of  ligh 
such  as  proceed  from  distant  objects,  aij 
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brought  to  a point  in  such  a way  as  to  form  a 
picture  ; and  this  is  called  its  principal  focal 
length.  When  a camera  is  directed  to  distant 
objects,  its  lens  should  be  its  own  focal  length 
from  the  screen.  In  this  condition,  if  the 
camera  be  turned  to  a near  object,  the  image 
of  that  object  will  be  blurred,  and  only  be 
rendered  clear  by  increasing  the  strength  of 
the  lens,  or  by  increasing  its  distance  from  the 
screen.  In  some  cameras  the  lens  is  moved 
to  and  fro  by  a serew  ; in  others,  especially  in 
some  of  the  modern  “ snap-shot  ” forms,  extra 
lenses  are  provided,  to  be  put  over  the  fixed 
one  and  to  increase  its  strength  in  proportion 
to  the  nearness  of  the  near  object.  Whatever 
is  done,  the  principle  is  the  same.  If  the 
j distance  between  the  lens  and  the  screen  be 
invariable,  the  lens  must  be  stronger,  that  is, 
imust  have  a shorter  focal  length  for  a near 
i object  than  for  a distant  one.  We  shall 
! presently  see  in  what  way  these  considerations 
I become  of  practical  importance. 

We  take,  as  the  typical  human  eye,  one  which 
is  called  “emmetropic.’’  The  word  simply 
signifies  to  be  in  measure,  or  to  be  of  correct 
proportions,  and  it  is  applied  to  a state  in 
which  the  actual  length  of  the  eyeball,  from 
front  to  back,  is  such  that  the  position  of 
the  retina  precisely  corresponds  with  the 
focal  length  of  the  lens.  In  such  a con- 
dition, of  course,  when  the  passive  eye  is 
directed  towards  a distant  object,  a perfectly 
clear  and  defined  image  of  that  object  is 
formed  upon  the  retina.  If  the  eye,  remain- 
ing unchanged,  were  then  directed  towards 
a near  object,  the  image  of  that  object 
would  be  blurred  and  indistinct.  The  dis- 
tance between  the  lens  and  the  retina  is 
practically  invariable,  and  therefore,  in  order 
to  obtain  a clear  image  of  the  near  object, 
the  strength  of  the  lens  must  be  increased,  just 
as,  in  a snap-shot  camera,  an  additional  lens 
is  provided  to  be  placed  over  the  permanent 
one.  In  the  eye,  the  change  is  effected  by 
muscular  effort.  The  details  of  the  mechanic- 
ism  are  open  to  some  doubt,  but  the  general 
effect  is  that  the  lens,  when  the  eye  is  directed 
to  a near  object,  is  compressed  in  such  a 
rnanner  as  to  become  more  convex,  and  there- 
fore stronger.  The  act  is  called  the  act  of 
accommodation,  and  we  are  said  to  “ ac- 
commodate ” for  the  distance  of  the  near 
object,  which  clearly,  through  the  sense  of 
vision,  determines  the  amount  of  the  effort; 
this  has  to  be  greater  and  greater,  as  the 
object  is  brought  nearer  and  nearer. If  you 
j-a  e a piece  of  stretched  net,  and  hold  it 


between  the  eyes  and  a printed  page,  you 
will  see  that,  if  you  try  to  read  the  page, 
you  can  do  so,  although  dimly  conscious  of 
the  net  as  an  interposed  film.  If  you  in- 
crease the  accommodation,  so  as  to  look 
at  the  net,  and  to  see  the  threads  of 
which  it  is  composed,  the  letters  will  no 
longer  be  legible.  For  them  the  accommoda- 
tion will  be  in  excess  of  what  their  distance 
requires  ; and,  if  the  eyes  be  again  directed  to 
them  with  clear  vision,  the  accommodation  will 
be  less  than  that  which  the  fibres  of  the  net 
require.  The  essential  characteristics,  there- 
fore, of  the  emmetropic,  or,  as  it  is  sometimes 
called,  the  normal  eye,  are  that  it  obtains  clear 
vision  of  distant  objects  when  in  a state  of  rest, 
and  that  it  obtains  clear  vision  of  near  objects 
by  virtue  of  an  effort,  which  increases  in  degree 
as  the  object  approaches.  For  every  such  eye 
there  is  a limit  to  its  power  of  accommodation 
effort,  that  is  to  say  there  is  a near  point,  nearer 
than  which  clear  vision  cannot  be  obtained. 
This  near  point  is  at  its  nearest  at  about  eleven 
years  of  age,  and  it  slowly  recedes  from  the 
eye,  in  consequence  of  gradual  diminution  of 
the  power  of  accommodation,  as  life  advances. 
Elderly  people,  before  they  begin  to  use 
spectacles  for  near  objects,  such  as  print,  find 
it  necessary  to  hold  these  objects  farther  and 
farther  from  the  eyes  in  order  to  see  them  dis- 
tinctly. To  the  distant  vision  of  emmetropic 
eyes  there  is  no  limit,  other  than  such  as  may 
be  imposed,  in  a way  presently  to  be  described, 
by  the  size  of  the  object  in  relation  to  its 
distance,  or  by  the  interception  of  the  light 
proceeding  from  it  by  the  atmosphere.  On  a 
clear  night,  for  example,  emmetropic  eyes 
obtained  distinct  vision  of  the  markings  on  the 
surface  of  the  moon. 

The  emmetropic  eye,  the^  eye  that  is  “ in 
measure,”  may  be  further  described  as  a well- 
proportioned  eye,  the  parts  of  which  are  in 
harmonious  relation  with  ^_each  other ; and, 
like  well-proportioned  organs  in  general,  it  is 
of  greater  endurance,  and  better  working 
capacity,  than  one  in  which  correct  proportions 
are  not  maintained.  Its  correctness  depends, 
you  will  remember,  upon  the  identity  of  two 
distinct  measurements,  the  distance  from  the 
optical  centre  of  the  eye  at  which  the  visual 
image  is  formed,  and  the  distance  from  the 
same  point  of  the  screen  on  which  the  image 
is  received. 

If  we  assume  the  distance  at  which  the 
image  is  formed  to  be  invariable,  it  will  at  once 
be  evident  that  the  other  distance,  that  of  the 
position  of  the  retina  or  screen,  may  vary  in 
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opposite  directions  by  being-  too  near  or  by 
being  too  far  away,  and  that  we  thus  obtain 
two  distinct  and  opposite  types  of  dispropor- 
tion, which  will  severally  produce  dilferent 
effects. 

We  will  take,  in  the  first  instance,  the  form 
of  disproportion  in  which  the  screen  is  too 
near,  or  in  which,  relatively  to  correct  pro- 
portion, the  eye  is  flattened,  or  too  short 
from  front  to  back.  In  the  diagram  on  the 
wall,  the  dark  line  represents  a section 
of  an  emmetropic  eye,  and  the  inner  dotted 
line  represents  a section  of  such  an  eye 
as  I am  now  describing.  The  late  Pro- 
fessor Bonders  of  Utrecht,  by  whom  this  con- 
dition was  discovered,  called  it  hypermetropia, 
or  over  measure,  a nomenclature  which  would 
indicate  that  the  disproportion  was  on  the  side 
of  the  image  forming  rather  than  that  of  the 
image  receiving  apparatus.  As  far  as  we  can 
ascertain,  however,  the  contrary  is  usually  the 
case,  and  hypermetropia  is  really  what  I much 
prefer  to  call  it,  flat-eye.  In  point  of  fact,  the 
eye  is  under  developed,  undergrown  ; and  we 
shall  see  presently  that  this  under  development 
or  under  growth  sometimes  applies  not  only  to 
the  bulk  of  the  organ  as  a whole,  and  to  the 
comparatively  small  distance  between  the 
optical  centre  and  the  retina,  but  also  to  the 
formation  and  receptive  power  of  the  nerve 
filaments  of  which  the  screen  is  composed. 

I have  already  mentioned  that,  if  we  take 
the  eye  of  a recently-killed  animal — that  of  a 
bullock,  from  its  size,  is  convenient  for  the 
experiment— --and  expose,  without  injuring,  the 
retina  by  the  careful  removal  of  a portion  of  the 
external  investing  membrane,  we  shall,  on 
turning  the  front  of  the  eye  towards  any  object, 
such  as  a landscape,  see  a clearly  defined  in- 
verted image  of  the  landscape  on  the  exposed 
retina,  precisely  as  if  it  were  the  ground  glass 
screen  of  a camera.  If  we  were  to  repeat  the 
experiment  with  a flat  eye  we  should  see  upon 
its  retina,  instead  of  a defined  picture,  only  a 
blur,  or  a picture  out  of  focus  ; while,  if  we 
held  a screen  a short  distance  behind  the 
retina,  we  should  obtain  a distinct  picture 
upon  that.  In  other  words,  the  flat  eye, 
when  passive  or  at  rest,  has  no  clear  vision  of 
anything,  and  it  only  obtains  clear  vision  by  an 
effort  of  the  same  kind  as  that  which  is  made 
by  a normal  eye  when  directed  to  a near 
object.  The  eye  cannot  lengthen  . itself  or  in- 
crease the  distance  between  its  optical  centre 
and  its  screen,  and  it  is  compelled  to  overcome 
its  faulty  shape  by  an  exercise  of  accommoda- 
tion, that  is,  by  increasing  the  curvature,  and 


so  the  optical  effect,  of  its  internal  lens.  Such, 
an  effort  being  required  for  distant  objects, 
must  manifestly  be  increased  for  near  ones. 
The  effort  is  called  forth  by  imperfect  seeing, 
and  can  hardly  be  described  as  voluntary,  soi 
irresistible  is  the  desire  to  see.  It  may,  of| 
course,  be  increased  and  continued  by  volun- 
tary effort,  but  it  can  seldom  be  completely 
relaxed,  and  the  result  is  that  the  flat  eye  is 
never  at  rest,  but  is  working,  when  directed 
towards  distant  objects,  in  the  same  way  as 
the  normal  eye  when  directed  to  the  print  of 
a book.  The  amount  of  effort  necessary  for 
good  vision  will  depend,  of  course,  upon  the^ 
degree  of  flatness,  and  the  power  of  main- 
taining  it  will  depend  upon  the  strength  and 
tonicity  of  the  muscles  by  which  the  necessary 
work  is  accomplished.  When  the  flatness  is 
not  excessive  in  degree,  and  the  muscles  of 
accommodation  are  strong,  the  proprietor  of 
flat  eyes  may  suffer  little  or  no  inconvenience 
from  them  ; but,  where  the  opposite  conditions, 
obtain,  the  distress  incidental  to  sustained 
visual  effort  may  be  so  great  as  to  involve 
incapacity  for  many  occupations,  and  some-' 
times  an  increased  liability  to  disease. 

We  next  come  to  the  opposite  condition,, 
in  which  the  distance  between  the  optical 
centre  of  the  eye  and  the  screen  is  too  great 
instead  of  too  small,  and  in  which  the  eye, 
instead  of  being  unduly  flat,  is  unduly  elon- 
gated from  front  to  back,  as  shown  by  the  outer 
dotted  line  in  the  diagram  on  the  wall.  This 
elongated  eye  is  the  physical  cause  of  what  is, 
properly  called  short-sight.  If  we  were  tci 
expose  a bit  of  the  retina  of  such  an  eye,^ 
and  turn  the  front  of  it  towards  the  landscape, i 
we  should  obtain  only  a blurred  picture, | 
and,  if  we  were  to  hold  a ground  glass  screen^ 
behind  the  retina,  instead  of  better  definition, 
as  with  the  flat  eye,  we  should  only  obtain 
increased  indistinctness.  But  if,  instead  ol 
directing  the  eye  towards  a distant  object, 
we  were  to  direct  it  towards  one  sufficiently! 
near,  we  should  then  obtain  a clear  image  : 
and,  in  this  way,  we  should  repeat  the  dailyi 
experience  of  short-sighted  people.  They  can 
see  perfectly  things  which  are  sufficientl} 
near,  but  they  can  only  see  indistinctly  thingsj 
which  lie  beyond  some  definite  measureable 
distance,  which  varies  according  to  the  degree| 
of  elongation  of  the  eye,  and  is  the  far  poin1 
for  each  short-sighted  person.  The  norma 
eye,  you  will  remember,  has  no  distant  limiti 
but  only  a near  limit ; while  the  short-sighteb 
eye  has  a distant  limit,  a foot,  it  may  be,  oi 
a yard,  beyond  which  it  cannot  see  clcarlji 
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v’ithout  optical  assistance.  Moreover,  unlike 
he  flat  eye,  it^can  do  nothing  to  overcome  its 
»\vn  defect,  which  would  be  aggravated, 
nstead  of  being  improved,  by  an  effort  of 
.ccommodation.  It  is  only  an  apparent 
xception  to  this  statement  that  the  short- 
ighted  see  better  by  half  closing  their  eyelids 
nto  a chink;  this  not  being  an  adjustment  of 
he  eye  itself,  but  only  a use  of  the  lids  as  an 
•xternal  apparatus  for  cutting  off  the  more 
xternal  portions  of  the  pencils  of  light.  The 
labit  of  partial  closure  of  the  lids  has  given 
ise  to  the  word  myopia,  from  the  Greek, 
ignifying  to  close  the  eyes,  by  which  short- 
ight  is  commonly  designated.  If  we  were  to 
ollow  the  lines  of  nomenclature  adopted  by 
|)onders,  the  right  term  would  be  hypo- 
netropia,  but,  for  myself,  I prefer  to  say 
hort-sight,  just  as  I prefer  to  say  flat-eye. 
The  evils  attendant  upon  short  sight  are 
nuch  greater  and  more  important  than  those 
»f  flat  eye,  but  fortunately  the  condition  itself 
3 far  less  common,  although  still  much  more 
0 than  could  be  desired.  Flat-eye  is  obviously 
I|L  matter  of  formation,  often,  no  doubt,  of 
tiherited  formation  ; and  in  favourable  circum- 
itancesit  often  diminishes  during  growth,  the 
yes  attaining  better  proportions  than  they 
riginally  possessed.  Short  sight,  on  the 
ither  hand,  appears  usually  to  depend  upon 
yielding  or  stretching  of  the  ocular  tunics 
nder  the  stress  of  work,  and  to  be  due  rather 
0 an  inherited  weakness  of  these  tunics,  in- 
olving  liability  to  stretch,  than  to  an  originally 
lulty  shape  of  the  eyeball.  It  almost  follows 
hat  short  sight  is  very  liable,  under  unfavour- 
ble  conditions,  to  increase  in  degree  with 
ome  rapidity  ; and  when  it  does  so,  the  strain 
hrown  upon  the  internal  membrane  of  the  eye 
b very  apt  to  occasion  absolute  disease, 
loreover,  it  must  be  remembered  that  a short- 
ighted  child  grows  up  with  but  a limited 
nowledge  of  its  environment.  It  cannot 
ee  clearly,  let  us  say,  any  object  which  is 
lore  than  three  feet  distant  from  its  eyes.  This 
leans  deprivation  of  nearly  all  the  beauties  of 
ature  and  art,  incapacity  to  perceive  the  ex- 
ression  of  the  human  face,  a sapping  of  the 
acuity  of  observation  at  its  very  root,  and, 

' enerally  speaking,  a consequent  incapacity 
a take  large  or  general  views.  The  mind  is 
istened  upon  the  details  which  alone  the  eyes 
an  see  and  appreciate  ; and  experience  sanc- 
ons  the  extension  of  the  expression  “ short- 
ighted”  from  the  eyes  to  the  judgment.  To 
short-sighted  child  the  external  world  pre- 
2nts  comparatively  few  attractions,  and  it  is 


usually  his  delight  to  be  coiled  nose  and  knees 
together  in  some  half-lighted  corner,  absorbed 
in  a book. 

The  evils  of  both  these  chief  malformations 
of  the  eye  are,  as  a matter  of  course,  largely 
dependent  upon  their  degree,  and  this  is 
measured  in  every  case,  by  the  strength  of  the 
lens  which  is  required  to  correct  them.  For 
every  flat-eye  there  is  a convex  lens,  and  for 
every  short-sighted  eye  there  is  a concave 
lens,  which  will  render  the  malproportioned 
organ  emmetropic,  which,  in  the  flat  eye, 
will  bring  forward  the  focus  of  its  own 
optical  apparatus,  and  in  the  short-sighted  eye 
will  push  back  that  focus,  so  that  in  both  cases 
it  falls  upon  the  retina  when  the  eye  itself  is 
passive.  We  use,  as  a unit  of  measurement, 
a lens,  the  focal  length  of  which  is  one  metre, 
and  we  call  this  a dioptre.  Flatness  of  less 
than  a dioptre  and  a half,  or  two  dioptres,  is 
scarcely  felt  as  an  inconvenience  by  strong 
and  healthy  people,  and  degrees  above  four  or 
five  dioptres  are  seldom  met  with.  In  short 
sight  anything  under  two  and  a half  dioptres 
would  be  called  slight  or  moderate,  and  any- 
thing above  five  or  six  would  be  called  high, 
but  cases  running  up  to  twenty  or  more 
dioptres  are  occasionally  met  with.  A person 
with  five  dioptres  of  short  sight  could  not  read 
small  print  at  a greater  distance  from  the  eyes 
than  eight  inches,  and  a person  with  ten 
dioptres  could  not  read  it  at  a greater  distance 
than  four  inches.  It  used  to  be  said  of  a late 
statesman  that  when  he  read  his  eyelashes 
could  be  heard  to  scrape  on  the  paper. 

We  may  now  proceed  to  consider  the 
determining  causes  of  the  quality  or  acute- 
ness of  vision,  and  the  way  in  which  this 
quality  is  estimated,  either  in  a normal  eye, 
or  in  one  which  is  rendered  normal  by  the 
addition  of  the  lens  which  corrects  its  flatness 
or  its  short-sight.  In  order  that  an  object 
may  be  clearly  seen,  it  is  necessary  that  the 
image  of  it  formed  upon  the  retina  should  be 
of  a certain  magnitude  ; and  the  magnitude  of 
the  image  depends  partly  upon  the  size  of  the 
object  and  partly  upon  its  distance.  It  is  said 
to  subtend  a certain  visual  angle  ; the  visual 
angle  being  that  which  is  formed  by  two  lines 
proceeding  from  the  extremities  of  the  object  to 
meet  at  the  optical  centre  of  the  eye,  just 
behind  the  opening  of  the  pupil.  The  rays  of 
light,  proceeding  from  these  extremities,  meet 
and  over-cross  within  the  eye  at  its  optical 
centre,  o,  a point  usually  about  17  millimetres 
from  the  retina.  In  their  further  course  over 
those  17  millimetres  they  diverge,  and  thus 
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they  finally  include  a retinal  area  the  size  of 
which  is  governed  by  that  of  the  angle  at  which 
they  meet.  In  the  diagram  on  the  wall  the 
line,  c D,  represents  an  object  placed  near  the 
eye.  The  rays  of  light  proceeding  from 
c and  D,  the  extremities  of  the  object,  meeting 
at  O,  and  including  the  large  visual  angle,  COD, 
proceed  to  fall  upon  the  retina  at  the  points, 
c,  d,  and  to  form  between  those  points  an 
image  of  corresponding  magnitude.  The  line, 
A B,  represents  a smaller  and  more  distant 
object,  and  the  smaller  visual  angle,  A o B, 
leads  to  the  formation  of  the  smaller  retinal 
image,  a,  b,  while,  to  show  that  the  distance  of 
the  object,  as  well  as  its  size,  is  a factor  in 
determining  the  magnitude  of  the  retinal 
image,  the  line,  A'  B',  represents  an  object 
larger  than  A B,  but  so  much  more  distant 
from  the  eye  that  the  angle.  A'  o B',  is  equal  to 
the  angle  A o B,  and  the  retinal  area  covered 
by  the  image  is  in  both  cases  the  same. 

Now,  the  word  vision,  or  seeing,  when  em- 
ployed in  its  physiological  sense,  does  not 
mean  the  mere  perception  of  the  presence  of 
an  object,  but  the  recognition  of  its  characters. 
I could  easily  remove  these  letters  [shown]  to  a 
distance  at  which  they  would  be  perceptible 
as  black  smudges,  but  would  no  longer  be 
visible  as  characters  which  you  could  read 
and  name  ; and  at  such  a greater  distance, 
you  would  be  correctly  said  to  “perceive,” 
but  not  to  see  them.  You  would  perceive 
objects,  but  you  would  not  be  certain 
what  they  were.  Defining  vision  as  the  power 
of  recognising  the  essential  characters  of  the 
object,  it  is  found  to  require,  for  such  letters  as 
these,  that  each  letter  as  a whole  should  subtend 
a visual  angle  about  of  five  minutes,  while  the 
parts  or  limbs  each  subtend  to  a visual  angle 
of  one  minute.  The  power  to  see,  under  the 
specified  angles,  is  defined  as  normal  vision, 
and  is  the  accepted  standard  of  the  Royal 
Navy  ; but  there  are  many  people  who  see 
better  than  this,  that  is,  who  can  see  under  a 
still  smaller  visual  angle.  There  are  certain 
objects  which,  on  a clear  day,  can  be  perceived 
at  great  distances,  and  people  talk  about 
■“  seeing  ” them,  but  they  are  using  the  word 
in  its  popular  and  not  in  its  exact  sense.  A 
flagstaff  is  such  an  object,  and  may  often 
be  perceived  as  a vertical  dark  line  at 
a great  distance.  But,  if  there  were  two 
tlagstaflfs  placed  side  by  side,  with  an  interval 
between  them  equal  to  the  diameter  of  each, 
the  far  distant  observer  would  not  be  able  to 
see  the  separateness  of  the  two,  although  he 
might  perceive  that  the  dark  line  seemed 


thicker  than  usual.  In  the  same  way  we  perceii 
many  stars  as  points  of  light  somewhat  diffus| 
by  atmospheric  dispersion,  but  we  cannot  S; 
that  some  of  them  are  double  until  we  obtain, 
larger  image  by  the  help  of  a telescope.  \ 
cannot  see  the  separateness  of  the  two  bod 
by  which  the  spot  of  light  is  constituted.  N«| 
the  power  of  seeing  separateness,  of  seeing, 
example,  the  two  intervals  which  separate  t' 
three  horizontal  limbs  of  the  letter  E,  only  exi 
when  the  image  is  of  such  a size  that  at  le?' 
one  entire  retinal  hexagon,  the  termination 
one  fibre,  is  left  untouched  by  the  images  of  t| 
limbs,  and  stands  clear  and  unaffected  betwe] 
them.  It  follows  that  what  is  called  tl 
“acuteness”  of  sight,  the  power  of  d 
tinguishing  the  component  parts  of  a dists 
object,  and  of  recognising  its  characters,  ev 
when  a perfect  retinal  image  has  been  formt 
must  depend  for  its  degree  upon  the  fineness 
the  retinal  mosaic,  upon  the  absolute  smallne 
that  is,  of  the  diameter  of  the  individual  hexi 
gons  of  which  that  mosaic  is  composed.  ; 
the  hexagons  are  comparatively  large  a. 
coarse,  a larger  image,  that  is  to  say, . 
larger  or  a nearer  object,  will  be  required 
order  that  unaffected  hexagons  may  be  left  . 
the  intervals  between  its  component  parts. 

In  1895,  I instituted  an  examination  of  t!; 
sight  of  a large  number  of  children  in  t; 
London  Board  schools,  and,  as  a preliminjj' 
measure,  8,125  of  these  children,  in  25  schoc;. 
or  16,250  eyes,  were  tested  as  to  acutenessf 
vision  by  their  teachers.  No  doubt  there  wc 
some  inaccuracies,  but  I have  reason  to  belit|j 
that  this  part  of  the  examination  was,  on  Vi 
whole,  carefully  and  well  conducted.  A d: 
like  this  was  hung  up  in  a good  light,  a,l 
each  child  was  made  to  stand  at  such  a dj- 
tance  from  it  that  the  third  letter  of  the  ser's 
of  four  was  seen  under  that  visual  angle  of  h 
minutes  which  satisfies  the  requirements  f 
normal  vision.  By  turning  the  disc,  the  • 
posed  letters  could  be  varied.  Each  child  I;1 
first  one  eye  covered,  then  the  other,  and  vp 
told  to  read  down  the  letters  from  the  top.  ( t 
of  the  8,125  children,  there  were  only  3,i8i,,r 
39-15  per  cent.,  who  had  normal  vision  \\,i 
both  eyes,  and  the  cases  of  normal  vision  w,i 
one  eye  and  subnormal  with  the  other  were  3 
insignificant  minority  ; so  that,  roughly,  jf 
London  school  children  between  the  agesff 
8 and  13,  nearly  60  per  cent,  do  not  see  s 
acutely— that  is,  as  well  and  as  sharply-iS 
they  ought  to  do.  To  this  part  of  the  subj(f, 
which  seems  to  me  to  be  of  national  imp(|- 
ance,  I will  presently  return. 
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[t  was  my  original  intention  personally  to 
imine  all  the  cases  of  subnormal  vision,  but 
? time  required  for  the  purpose  was  so  great, 
d the  difficulties  of  the  undertaking  were,  in 
my  respects  so  serious,  that  I was  only 
[e,  with  the  assistance  of  my  friend,  Mr. 
ckman,  to  examine  1,448  children.  Of  these 
found  flat-eyes  in  61  per  cent.,  and  short- 
ht  of  both  eyes  in  14*3  per  cent.  Each  of 
!se  conditions  will  require  a brief  discussion, 
t must  be  conceded,  in  the  first  place,  that 
.-eye  probably  exists  in  a considerable  pro- 
tion  of  the  children  whose  sight  was  re- 
ned  by  the  teachers  as  normal ; and  to  this 
idition,  as  I have  said,  I do  not  attach  a 
:at  deal  of  importance,  except  in  so  far  as  it 
y be  an  evidence  of  general  under  develop- 
nt.  I speak  on  this  question  from  knowledge 
nany  cases  in  which,  in  persons  of  good  health 
1 good  muscular  development,  the  eyes  are 
to  the  extent  of  as  much  as  two  dioptres,  and 
have  been  used  diligently,  without  suffering 
nconvenience,  and  without  any  need  for  the 
p of  spectacles  until  about  the  ordinary  age 
such  assistance.  On  the  other  hand,  there 
many  persons  in  whom  even  a small  amount 
latness  gives  rise  to  troublesome  symptoms  ; 
question  having  more  relation  to  the  general 
•acity  for  nervous  and  muscular  work  than 
'he  actual  formation  of  the  eyes  themselves. 
')ther  w’ords,  some  people  are  able  easily  to 
‘ rcome  a defect  which  in  others  is  liable  to 
a cause  of  incapacity.  When  flat  eye  is 
■erne  in  degree,  or  when  it  occurs  in  feeble 
' dren,  the  effort  of  correcting  it  becomes 
* guing,  and,  after  a short  period  of  reading 
'of  other  close  work,  the  effort  is  relaxed, 
'1  the  result  that  the  vision  becomes  misty 
obscure.  The  little  sufferers  then  rub 
i|r  eyes,  often  with  dirty  fingers,  and  thus 
ate  them  still  more  ; while  the  efforts  calls 
j an  additional  blood  supply  and  renders 
i n flushed  and  angry.  Headache  often  fol- 
'5,  and,  at  the  best,  the  attention  of  the 
d is  diverted  from  the  tasks  to  the  bodily 
-ings.  Sometimes  the  child  finds  it  more 
!/  to  read  by  bringing  the  page  very  near 
the  eyes,  the  increased  magnitude  of 
' retinal  image  being  more  than  a com- 
' sation  for  the  greater  strain  on  the  accom- 
' lation,  and  this  tendency  has  often  been 
■ eased  by  bad  school  fittings,  such  as  faulty 
' s and  desks,  which  have  rendered  it 
cult  for  the  pupils  to  maintain  a correct 
' tion  of  the  head  and  of  the  body,  and  have 
‘ pelled  them  to  stoop  more  or  less  obliqueyl 
their  work.  Faulty  positions  are  hurtful 


in  three  ways  ; first,  by  interfering  with  the 
circulation,  that  is,  with  the  proper  passage  of 
the  blood  between  the  heart  and  the  brain  ; 
secondly,  by  promoting  contraction  of  the 
chest  and  spinal  curvature  ; and,  thirdly,  by 
calling  upon  the  eyes  for  undue  convergence, 
and  for  positions  in  which  their  combined 
action  is  rendered  difficult.  The  first  two  are 
obvious  evils,  upon  which  I need  not  dwell ; 
but  the  third,  the  undue  approximation  of  the 
eyes  to  their  work,  is  apt  to  cause  the  flat  eye 
to  pass  over  into  the  short-sighted  one,  a 
change  of  which  the  researches  of  Dr.  Risely 
in  Philadelphia  have  brought  to  light  many 
examples. 

The  apparatus  here  exhibited  was  constructed 
for  the  purpose  of  showing  the  actions  of  the 
muscles  by  which  the  eyes  are  moved,  so  as 
to  work  in  harmony  with  each  other.  These 
actions  are  somewhat  complicated,  and  give 
rise  to  many  considerations,  with  only  one  of 
which  I need  trouble  you  on  the  present 
occasion.  The  centres  of  the  eyeballs  being 
roughly  2^  inches  apart,  the  line  of  visual 
direction — the  line  along  which  each  eye  looks 
in  order  to  see  the  object  towards  which  it  is 
directed — varies  in  its  course  with  the  near- 
ness of  the  object.  In  looking  at  an  infinitely 
distant  object,  such  as  a star,  the  lines  are 
parallel,  and  in  looking  at  a near  object,  they 
are  rendered  convergent ; but  this  convergence 
does  not  become  manifest  until  the  object  is 
within  about  20  feet,  after  which  it  rapidly 
increases,  and  attains  its  maximum  when  both 
eyes  are  directed  towards  an  object,  such  as  a 
printed  page,  which  is  held  only  a few  inches 
from  them.  It  is  necessary  for  single  vision 
with  the  two  eyes  that  the  two  images  should 
fall  on  corresponding  points  of  the  two  retinae, 
and  therefore,  in  all  near  vision,  accurate  con- 
vergence must  be  steadily  maintained.  This 
is  effected  by  the  action  of  two  muscles,  each 
of  which  is  attached  to  the  inner  side  of 
the  external  surface  of  its  corresponding 
eyeball,  and  by  its  other  extremity  to  the 
skull.  The  muscles,  so  to  speak,  pull  the 
eyes  round,  not  altering  their  actual  position 
within  their  orbits,  but  causing  them  to 
rotate  on  their  respective  centres.  Now, 

I think  it  will  be  obvious  that  a continued 
convergence  effort  to  a near  point  must  not 
only  be  fatiguing  to  the  muscles  by  which  it 
is  accomplished,  but  that  it  must  also  cast 
a considerable  strain  upon  the  tunic  or  outer 
covering  of  the  eye  at  the  point  where  the 
muscle  is  inserted.  It  has  long  been  recog- 
nised that  this  strain  may  positively  stretch 


34-0 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{February  25,  189I 


the  eyeball,  and  may  cause  it  to  yield  at  a 
point  nearly  opposite  to  that  at  which  the 
traction  is  exerted,  thus  rendering  it  longer 
from  front  to  back,  and,  therefore,  in  other 
words,  rendering  it  short-sighted.  Emme- 
tropic eyes,  generally  speaking,  will  bear 
without  injury  any  amount  of  convergence 
which  is  likely  to  be  required  from  them  ; but 
it  is  highly  probable  that  short-sighted  eyes,  as 
a rule,  inherit  a \\eakness  of  the  external  tunic, 
and  are,  therefore,  predisposed  to  stretch  and 
yield  under  the  influence  of  muscular  action. 
Differences  of  opinion  still  exists,  among 
very  good  judges,  with  regard  to  the  precise 
method  of  production  of  the  steady  increase  in 
the  degree  of  short  sight  which  is  so  often 
witnessed,  and  also  with  regard  to  the  passage 
of  flatness  into  short  sight ; but  there  is  no 
question  but  that  both  these  changes,  if  not 
directly  caused,  are  at  least  greatly  assisted 
by  over-convergence,  and  also  by  the  many 
faulty  positions  of  the  head  and  body  which 
flat-eyed  or  short-sighted  children  constantly 
assume,  either  on  account  of  badly-arranged 
seats  and  desks,  or  to  get  more  light,  or  in 
some  way  to  facilitate  the  employment  of  the 
eyes  in  unfavourable  circumstances  and  sur- 
roundings. To  show  the  sort  of  effect  that  may 
be  produced,  I will  put  upon  the  screen  two 
pictures  photographed  from  actual  school- 
rooms, one  of  which  was  badly  lighted  from 
the  right  of  the  workers,  while  the  other  is 
properly  lighted  from  the  left.  You  will  see 
that  in  the  former  no  child  is  sitting  straight, 
but  that  all  are  striving  by  various  strange 
attitudes  to  compensate  for  the  artificial  diffi- 
culties under  which  they  are  placed,  and 
you  will  readily  imagine  that  the  undue 
approximation  of  the  eyes  to  the  work,  and 
the  disparate  positions  of  the  two  in  relation 
to  it,  must  call  upon  the  muscles  for  irksome 
and  irregular  contractions.  Now  these 
irregular  contractions,  it  has  been  shown  by 
many  observers,  are  fertile  causes  of  that 
extension  of  the  eyeball  from  front  to  back 
which  is  the  actual  physical  cause  of  in- 
creasing or  progressive  short-sight,  and  also 
the  cause  of  the  acquired  or  secondary 
short  - sight  which  is  a not  uncommon 
sequence  of  the  higher  degrees  of  flat- 
ness, or  of  any  degrees  of  flatness  if  the 
muscles  which  should  counteract  it  are  weak 
and  irritable.  If  the  eyes  are  compelled  to 
work  under  thoroughly  unfavourable  conditions, 
they  will  inevitably  suffer  in  some  degree.  It 
is  the  duty  of  school  managers  to  see  that 
such  conditions  do  not  obtain  in  the  schools 


themselves,  and  it  is  the  duty  of  parents  to  j| 
that  they  are  obviated,  as  far  as  possible,! 
the  home.  Wherever  home  study  is  requiri 
the  managers  should,  I think,  see  that  pareij 
are  cautioned  with  regard  to  the  conditioj 
under  which  alone  it  should  be  carried  oi 
A chair  and  table  which  compel  the  assumptii 
of  a faulty  position  will  be  quite  as  hurt 
at  home,  if  they  are  in  use  there,  as  tl 
would  be  in  a school,  probably  more  hurt! 
because  the  home  light  is,  on  the  whc 
less  likely  to  be  sufficient  than  that  of  lj 
school. 

It  is  obvious  that  the  educational  arran^j 
ments  of  a great  community  must  be  mai 
governed  by  the  requirements  of  the  major 
of  the  scholars,  and  that  the  responsibility 
claiming  provision  for  exceptional  requireme 
must  rest  mainly  with  the  parents  of  i 
children.  But,  if  we  consider  how  many 
these  parents  are  themselves  ignorant  of  i 
existence  of  exceptional  requirements,  1 thij 
it  is  not  too  much  to  ask  that  they  should 
assisted  by  school  authorities  in  discover) 
them.  Very  few  people  have  any  exact 
useful  knowledge  as  to  what  their  child 
ought  to  be  able  to  see.  Most  parents  wo 
know  about  how  far  a child  of  ten  should 
able  to  run  or  to  walk,  how  high  he  might 
expected  to  jump,  what  weight  he  might 
reasonably  asked  to  carry.  Not  one  in 
thousand  could  say  what  the  child  ought  to 
able  to  see,  or  what  sized  letters  he  ought 
be  able  to  read  at  a given  distance.  I thinl 
should  form  part  of  the  business  of  schod 
in  this  respect,  to  educate  parents  as  v 
as  children.  I think  the  vision  of  ev 
child  brought  to  school  should  be  tested 
admission,  and  entered  in  a register.  D(|; 
as  a matter  of  routine,  the  testing  would 
occupy  a minute  a child;  and,  in  every  c. 
in  which  the  vision  was  subnormal,  the  par 
should  receive  official  information  of 
fact  on  a printed  form  to  be  issued  by 
teacher,  and  which  should  recommend  : 
obtaining  of  skilled  advice  as  to  vision  bef‘ 
schooling  was  proceeded  with.  If  this  w: 
done,  the  matter  would  no  longer  be  suffe:. 
to  drift,  as  it  too  often  is  at  present;  or, 
least,  the  parents  would  be  unable  to  plt|- 
ignorance.  At  the  numerous  ophthalb 
hospitals  which  are  open  to  the  poor, 
from  private  practitioners  in  the  case 
those  who  were  better  off,  parents  wo|: 
learn  under  what  conditions  the  educatli 
of  their  under  - sighted  children  could  m> 
profitably  and  most  safely  be  conduct^ 
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I would  have  only  themselves  to  blame 
lese  conditions  were  not  secured, 
ly  inquiry,  I am  glad  to  say,  so  far  as  it 
inded,  went  to  show  that  both  the  higher 
I more  injurious  forms  of  short  sight,  and 
higher  and  more  injurious  forms  of  flat- 
, were  less  common  in  the  London  schools 
n they  are  said  to  be  in  many  other  capitals  ; 

I that,  on  the  whole,  the  state  of  our  children 
hese  respects  might  be  regarded  as  satis- 
;ory.  The  unfavourable  condition  with 
ch  I was  chiefly  impressed  arose  from  the 
3Ctive  character  of  the  vision  of  many 
Ithy  and  approximately  well  formed  eyes  ; 
lefective  character  which  appeared  to  me, 
i matter  of  high  probability,  to  be  largely 
to  town  surroundings,  and  to  their  in- 
nce  upon  the  work  which  the  eyes  are 
•itually  called  upon  to  perform.  As  men- 
ed  in  my  introductory  observations,  only 
5 per  cent,  of  all  the  children  examined 
e found  to  be  in  possession  of  normal 
on ; that  is,  to  be  able  to  distinguish 
ited  characters  seen  under  a visual  angle 
ve  minutes. 

ly  interpretation  of  this  prevailing  subnor- 
ity  of  vision  is  that  it  is  mainly  attributable 
he  surroundings  and  conditions  of  living  of 
children,  although  not  specially  to  any  which 
•ail  in  the  schools.  The  diagram  on  the  wall 
•esents  the  hexagonal  arrangement  of  the 
terminations  in  the  central  or  most 
tely  seeing  part  of  the  retina,  terminations 
oinute  that,  in  an  average  adult  eye,  there 
Id  be  about  7,000,000  of  them  in  this  small 
:ral  area,  and  about  130,000,000  in  the 
le  of  the  retina.  Each  of  these  termina- 
s is  believed  to  be  functionally  indivisible, 
to  respond  as  a whole  to  every  impression 
:h  it  receives.  Let  it  be  supposed  that 
letter  E represents  the  image  of  such  a 
■r,  as  it  is  cast  upon  the  retina,  and  that  it 
f sufficient  magnitude  to  leave  a wholly 
dected  hexagon  between  the  upper  and 
ral,  and  again  between  the  lower  and 
ral,  limbs  of  the  letter.  By  means  of  these 
fected  hexagons,  which  receive  no  im- 
sion  of  blackness,  the  existence  and  shape 
le  white  interspaces  will  be  distinguished  ; 
if  the  image  were  only  a little  smaller,  as 
, so  that  the  horizontal  limbs  encroach  ever 
-tie  upon  the  intervening  hexagons,  then  no 
T interspaces  will  be  perceived,  and  the 
j!  e will  be  only  a blur.  It  is  therefore 
'1  ifest  that  the  acuteness  of  vision  must 
*^‘nd  largely  upon  the  actual  magnitude  of 
i| hexagons;  that,  if  they  are  small,  vision 
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will  be  more  acute,  and  that,  if  they  are  large, 
vision  wall  be  less  acute.  The  whole  histor)-  of 
human  development  leads  to  a belief  in  the 
existence  of  a close  interdependence  between 
the  quality  of  function  and  the  mode  of  its 
habitual  exercise  ; and  I think  it  cannot  be 
doubted  that  the  habitual  use  of  the  eyes  in 
looking  at  objects  which  are  on  the  verge  of 
visibility  will  have  a decided  tendency  to 
promote  the  growth  of  nerve  fibres,  and  thus 
to  increase  the  power  of  the  faculty  to  which 
they  are  subservient.  Now  the  visual  power 
of  London  children  is  not  cultivated  by  their 
environment.  They  see  the  other  side  of  the 
street  in  which  they  live,  and  the  carts  and 
omnibuses  of  the  thoroughfares,  seeing  them, 
as  a rule,  under  a visual  angle  of  five 
degrees  rather  than  of  five  minutes.  They 
scarcely  ever  have  the  visual  attention  strongly 
directed  towards  any  object  which  it  is  diffi- 
cult to  see,  or  which  subtends  a visual  angle 
approaching  the  limits  of  visibility;  and  hence 
their  seeing  function  is  never  exerted,  or  at 
least  is  not  habitually  exerted,  to  anything 
like  what  should  be  the  extent  of  its  powers. 
The  case  of  the  country  child  is  widely  different. 
He  has  before  him  an  expanse  of  landscape, 
presenting  numerous  interesting  objects  under 
visual  angles  which  are  rendered  small  by 
distance.  He  finds  attractions  in  every  hedge- 
row ; flowers,  insects,  birds,  nests,  many  of 
them  disguised  by  their  resemblance  in  colour 
to  their  surroundings,  and  requiring  sharp  and 
trained  sight  in  order  that  they  may  be  readily 
distinguished.  His  eyes  are  exercised  bene- 
ficially in  his  daily  life,  and  his  vision,  as 
far  as  I have  been  able  to  examine  into  the 
facts,  is  found  somewLat  to  exceed  the  ver}’ 
moderate  standard  of  normality,  just  as  that 
of  the  city  child  is  so  often  found  to  fall 
below  it. 

There  are  many  other  respects,  besides 
vision,  in  w'hich  the  conditions  of  city  life  are 
found  to  act,  or  rather  would  tend  to  act,  pre- 
judicially upon  physical  development ; and,  in 
some  at  least  of  these  we  have  seen,  of  late 
years,  great  and  successful  efforts  to  counteract 
the  tendency.  If  w'e  may  accept  Paley’s 
definition  of  education,  as  comprising  every 
preparation  that  is  made  during  our  youth  for 
the  sequel  of  our  lives,  I think  that  among 
these  preparations,  and  as  part  of  education, 
should  be  included  an  effort  to  cultivate  the 
art  of  seeing,  and  to  improve  what  I believe 
may  be  rightly  called  town  vision.  It  must  be 
remembered  that  the  only  visual  efforts  which 
are  injurious  are  those  which  are  directed  to 
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near  things,  and  which  therefore  involve  strain 
of  the  accommodation  and  of  the  muscles 
which  effect  convergence,  while  all  difficult 
seeing  of  distant  things  falls  within  the 
category  of  those  efforts  by  which  the  powers 
of  the  organism  making  them  are  increased. 
Children  in  whom  defective  sight  is  attended 
by  defective  shape  of  the  eyeball  should  be 
supplied  with  spectacles  of  the  kind  required 
for  the  correction  of  the  individual  defect ; 
and,  when  so  supplied,  they  should  take 
part  with  others  in  the  description  of 
objects  so  placed  as  to  subtend  small  visual 
angles,  letters  or  sentences,  it  may  be,  of 
proper  proportions,  seen  from  the  opposite 
side  of  the  room,  or  pictures  containing  details, 
some  of  which  would  not  be  recognisable  by 
subnormal  vision.  The  training  of  the  eyes  is, 
I think,  quite  as  important  as  any  form  of 
physical  drill,  to  which  much  time  is  already 
devoted,  and  the  two  things  might  without 
much  difficulty  be  combined.  Moreover,  as  I 
have  often  said  before,  I should  like  to  lay 
stress  upon  the  desirableness  of  giving  a place 
to  excellence  of  vision  among  the  various 
physical  qualifications  which  are  habitually 
tested  by  competition,  and  for  which  prizes 
are  awarded.  A seeing  contest  would  seem 
strange  while  the  idea  was  new,  but  it  would 
be  just  as  reasonable  as  any  other,  and 
probably  more  useful  than  some.  It  would 
tend  to  diffuse  a knowledge  of  what  seeing 
ought  to  be,  and  would  bring  hundreds  of  eyes 
under  training  which  they  would  not  otherwise 
receive,  and  by  which  they  could  not  fail  to 
benefit.  Not  only  would  individual  sight  be 
improved  to  some  extent,  but  a finer  forma- 
tion and  an  increased  sensitiveness  of  the 
nerve  fibres  of  the  retina  would  be  likely 
to  descend  to  offspring,  and  thus  to  be  per- 
petuated in  the  race.  The  Tartar  of  Siberia, 
whose  unaided  eyes  enabled  him  to  tell  Arago 
of  the  occultation  of  Jupiter’s  third  satellite, 
or  the  South  American  guide,  who  described 
to  Humboldt,  across  a valley  of  the  Andes, 
the  position  and  order  of  march  of  a party 
which  the  great  traveller  could  only  see  with 
the  help  of  a telescope,  had  no  better  basis 
of  visual  formation  than  exists  among  our- 
selves. They  were  simply  the  descendants 
of  people  who,  for  generations,  had  been 
dependent  for  safety  or  for  sustenance  upon 
the  acuteness  of  their  sight,  and  in  whom 
that  faculty  had  in  consequence  become 
developed,  just  as,  in  the  converse  of  these 
conditions,  it  has  fallen  to  somewhat  low 
estate  among  many  of  ourselves. 
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DISCUSSION.  , 

The  Chairman  said  he  fully  agreed  that 
subject  was  one  of  national  importance.  Mr.  C:,( 
spoke  of  town  sight  and  country  sight,  but  intimi; 
that  he  had  not  extended  his  observations  very  laij; 
into  the  state  of  the  children  in  the  country  distil 
It  would  be  very  interesting  if  at  some  future  tim 
could  do  something  of  that  kind,  especially  a 
seemed  to  indicate  that,  on  the  whole,  town 
was  bad,  or  short,  and  country  sight  long, 
spoke  of  certain  people  who  from  having  to  : 
their  sight  for  long  distances  through  w 
generations  had  acquired  the  habit  of  long  si. 
He  thought  it  did  not  require  much  time  to  acqu 
certain  amount  of  long-sightedness.  Judging  b}ji 
own  experience  he  remembered  very  well  in  his  y' 
going  out  stalking  in  the  Highlands,  and  whe 
first  went  out  the  stalker  would  take  a glass  and 
he  could  see  a stag  on  the  side  of  a hill  perhaps  U 
miles  off,  where  he  could  see  nothing  ; but  after  g 
out  continuously  for  a month  or  more  he  foun 
could  see  nearly  as  well  as  the  stalker.  With  re 
to  the  incidence  of  the  light  in  schools,  the  Educ: 
Department  always  recognised  that  the  light  o' 
to  fall  on  the  desks  from  the  left,  and  that  condj 
could  generally  be  obtained.  It  was  insistec 
before  the  approval  of  the  plans  ; but  what  could 
always  be  secured  were  proper  desks  and  seats,  av 
enabled  the  child  to  sit  so  that  the  eyes  were  at  a pi 
distance  from  his  work  without  undue  effort.  He 
sidered  that  in  order  to  ensure  that,  the  edge  OJ 
seat  should  come  flush  with  the  edge  of  the  desk, 
there  was  generally  a considerable  gap  between  \s  . 
caused  the  child  to  bend  forward.  Mr.  Brad 
Carter  was  on  the  Committee  of  the  Education 
partment  which  was  considering  this  question,  an; 
hoped  in  a short  time  would  make  a report, 
they  could  suggest  anything  which  could  be  ca, 
out  generally,  it  would  be  of  great  national  advani 
The  use  of  spectacles  in  very  early  life,  whatevi 
might  be  later,  was  not  only  inconvenient  bdti 
becoming,  and  he  hoped  that  as  a nation  we  shou 
spared  the  necessity  of  using  them. 

The  Rev.  F.  Synge  (Chief  Inspector  of  Schools 
he  had  already  read  with  interest  Mr.  BrudenellCa) 
report  on  school  sight,  and  had  also  had  the  a4 
tage  of  a report  on  the  schools  in  his  own  difi 
made  since.  It  was  suggested  that  a register  sh 
be  kept  of  how  children  could  see  when  they  first  d 
to  school,  and  he  believed  the  teachers  were  perf'l 
capable  of  estimating  whether  each  child’s  sight 
normal  or  subnormal,  and  the  oculist  who  foUd 
and  examined  the  children’s  eyes  more  in  detail  cl 
indicate  what  were  the  defects,  and  how  they  c| 
be  met.  AU  that  was  easy;  the  hitch  came,a|: 
wards.  A large  proportion  of  the  children  I 
found  to  have  serious  defects  of  sight,  and  they  r 
told  they  should  obtain  advice,  hospitals  where  * 
advice  could  be  obtained  gratis  being  pointed  I: 
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t a short  time  afterwards  when  he  went  into  one  of 
se  schools  he  found  on  inquiry  that  not  a single  child 
1 been  to  a hospital  or  a doctor  for  advice.  The 
iculty  was  to  overcome  the  apathy  of  the  parents 
to  these  defects.  Possibly  some  of  the  unwilling- 
s to  seek  such  advice  would  be  overcome  if  the 
ctice  of  putting  drops  into  the  eye  before  examina- 
1 could  be  dispensed  with.  This  was  not  serious, 
it  was  slightly  unpleasant  to  the  child,  and  might 
hten  it  and  the  parents,  and  if  the  examination 
Id  be  done  without  it  might  be  an  advantage. 

lr.  G.  R.  Baker  said  there  was  a simple  instrument 
ned  the  optometer,  which  was  quite  sufficient 
a preliminary  examination  without  the  use  of  any 
ps  to  dilate  the  pupil.  With  regard  to  the 
ting  of  school-rooms  he  could  say  from  an 
uaintance  with  a large  number  of  teachers  that 
r eyes  suffered  from  defective  light,  whatever 
children’s  did.  He  had  tested  a great  number  of 
:hers,  and  found  their  sight  much  below  the 
age.  There  was  no  doubt  that  a gi-eat  deal  of 
rovement  might  be  effected  by  training,  for  he 

found  that  military  and  naval  men  who  would 
ordinarily  described  as  short-sighted,  by  special 
ling  had  become  normal-sighted,  and  were  able 
see  well.  This  bore  out  the  experience  of  the 
irman. 

[r.  C.  Krall  wished  to  put  a question  as  to  the 
rability  of  young  children  whose  sight  was  defec- 
wearing  glasses  continually.  He  had  been  short- 
ted  from  his  youth,  but  did  not  begin  to  wear 
ses  until  he  was  16  or  17  ; and  from  that  time  his 
t had  become  worse  continuously,  so  that  he  had 
se  stronger  and  stronger  glasses.  Therefore  when 
)und  one  of  his  children  short-sighted,  he  natur- 
felt  some  hesitation  about  letting  her  wear  glasses, 

2r  schoolmistress  suggested.  He  took  her  to  a 
or  who  examined  and  prescribed  glasses,  and  said 
ffiould  wear  them  continually,  but  he  felt  some 
)ts  about  it  from  his  own  experience. 

r Henry  Trueman  Wood  remarked  that  all 
Brudenell  Carter’s  results,  so  far,  appeared  to 
been  obtained  from  inquiries  in  elementaiy 
ols,  and  he  thought  it  would  be  very  instructive 
could  extend  his  observations  amongst  children 
le  more  well-to-do  class.  At  the  great  public 
)ls,  such  as  Eton  and  Han-ow',  the  masters  would 
ibly  grant  facilities  for  the  examination  of  some 
le  junior  forms,  or  it  would  perhaps  be  better 
f an  investigation  could  be  made  in  some  of  the 
preparatory  schools  from  which  boys  went  to 
^reat  public  schools,  where  the  children  were 
r nourished,  and  lived  under  more  generally 
^y  conditions  than  those  attending  the  Board 

ls.  With  regard  to  the  school  fittings,  the 
:ntary  school  children  were  far  better  off 
children  of  the  wealthier  classes.  He  well 
nbered  that  at  Harrow,  the  fourth  form  room  I 


had  no  desks  at  all ; there  were  seats,  but  the 
boys  had  to  write  on  their  knees,  and  in  the  other 
rooms  no  consideration  at  all  was  paid  to  where  the 
light  came  from,  sometimes  it  was  from  the  back, 
sometimes  from  the  front,  or  right  or  left,  as  the  case 
might  be.  He  apprehended  it  w'as  the  same  now,  ex- 
cept in  the  case  of  any  new  rooms  which  might  have 
been  built  recently.  With  regard  to  long  sight  being 
obtained  by  practice,  he  believed  Mr.  Carter  would 
say  that  was  impossible  ; what  really  happened  was 
that  the  owner  of  the  eye  learned  what  to  look  fbr. 
After  the  Chairman  had  been  stalking  for  some  time 
he  got  to  know  what  the  head  of  a stag  looked  like 
at  a long  distance,  and  was  thus  able  to  discern  it.  He 
did  not  think  there  was  much  authority  for  the  state- 
ment that  the  eyes  of  savage  races  were  any  better 
than  our  own.  The  sight  of  the  Tartar  who  saw  the 
satellite  of  Jupiter  would  be  exceeded  by  that  of  the 
late  Mr.  Dawes,  a country  minister,  who  could  see, 
with  the  naked  eye,  double  stars  and  many  other  celes- 
tial objects  with  perfectly  telescopic  vision.  Men  who 
had  been  on  shooting  expeditions  in  foreign  countries 
often  said  that  they  did  not  believe  the  eyes  of  savages 
were  superior  to  their  own,  only  they  knew  what  to  look 
for,  and  saw  it  sooner,  just  as  a sailor  would  see  a 
ship  long  before  a landsman.  But  Englishmen  with 
normal  sight  soon  got  as  skilful  as  native  hunters  in 
this  respect.  In  the  same  way  he  knew  from 
experience  that  a person  accustomed  to  play  golf 
would  see  where  the  ball  went  much  better  than  a 
man  with  much  better  sight  who  did  not  practice  the 
game. 

Mr.  J.  I.  Tracy  said  he  had  some  knowledge  of 
Board  schools  in  the  district  of  Walthamstow,  and  he 
noticed  that  a great  many  of  the  teachers — more  men 
than  women — had  to  wear  glasses,  many  of  them 
being  comparatively  young.  How  far  that  was  due  to 
bad  light  in  the  schools  or  to  over-straining  of  their 
eyes,  especially  at  night,  he  could  not  say  ; but  it  was 
a veiy  serious  matter.  Defects  in  lighting  might,  no 
doubt,  partly  account  for  it,  for  he  knew  of  some 
schools  where  the  teacher  had  to  face  the  direct 
light  from  the  south,  and  the  scholars  had  to  receive 
most  of  the  light  over  their  shoulders.  Originally  he 
had  excellent  sight  himself,  but  by  too  severe  a strain, 
having  to  look  at  small  bright  objects  by  gas-light 
for  many  years,  he  found  his  sight  failing,  and 
thought  he  should  lose  it.  However,  he  considered 
that  if  he  gave  them  entire  rest  for  a time  they 
would  recover,  and  by  adopting  this  plan  he  might 
say  that  he  had  now  very  fair  sight  for  his  age.  He 
was  sorry  to  see  the  increasing  number  of  quite  young 
children  who  wore  spectacles,  most  of  whom  seemed 
to  be  near-sighted,  and  he  feared  they  were  being 
made  permanently  short-sighted. 

The  Rev.  C.  D.  Du  Port  (Chief  Inspector  of 
Schools)  said  it  was  not  necessaiy  to  go  to 
A\''althamstow  to  find  instances  of  what  had  been 
referred  to  by  the  last  speaker.  There  were  cases 
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in  East  Lambeth,  under  the  London  School  Board, 
where  the  eyes  of  the  teachers  were  much  strained 
by  being  exposed  to  the  full  glare  of  the  light,  and  only 
a week  or  two  since  he  came  across  cases  where 
children  had  to  work  in  very  large  class-rooms  where 
almost  all  the  light  came  over  their  shoulders.  The 
Chairman  knew  perfectly  well  how  difficult  it  was  in 
some  cases  to  remedy  the  evil.  Where  the  light  has 
been  allowed  to  come  in  the  wrong  way  you  could 
not  pull  down  the  school  and  rebuild  it,  and  you  could 
not  always  even  re-airange  the  desks  so  as  to  make  the 
light  fall  properly.  Though  competition  was  somewhat 
overdone  in  the  present  day  he  rather  liked  the  sugges- 
tion that  there  should  be  a competition  for  eyesight,  and 
thought  it  would  do  a deal  of  good.  The  teachers  were 
quite  capable  of  carrying  out  a preliminary  examination 
of  the  children’s  eyesight,  but  possibly  some  of  them 
in  the  pressure  of  other  matters  did  not  sufficiently 
bear  in  mind  the  importance  of  the  matter  and  the 
way  in  which  the  sight  might  be  affected  by  the  con- 
ditions of  light,  position,  and  so  on.  If  the  Edu- 
cation Department  would  issue  a circular  calling 
attention  to  certain  points  of  detail,  to  be  circulated 
amongst  both  managers  and  teachers,  a great  deal  of 
good  might  result.  There  was  another  point  of  more 
importance  in  London  than  the  country  and  that  was 
the  question  of  artificial  light.  This  was  not  only  a 
vital  matter  in  connection  with  the  night  schools  but 
even  in  the  day  schools;  during  the  autumn  and  winter, 
they  frequently — not  only  in  foggy  but  on  dark  days — 
were  entirely  dependent  on  artificial  light,  and  the 
whole  system  of  artificial  lighting  required  reformation. 

Mr.  W.  H.  Whiting  said  he  would  be  glad  of  any 
further  information  from  the  reader  of  the  paper  on 
the  question  of  training  the  eye,  whether  anything 
could  be  done  in  that  way  to  alter  the  form  of  the 
eye,  and  so  cure  defects,  or  whether  it  only  improved 
the  acuteness  of  vision.  As  he  understood,  the  ad- 
vantage of  spectacles  to  short-sighted  children  was 
rather  indirect,  as  placing  them  more  on  a level  with 
others  than  actually  curative. 

Mr.  T.  R.  Ablett  said  he  should  have  liked  to  hear 
something  on  the  subject  of  colour  blindness,  which, 
according  to  his  experience,  was  more  often  found  in 
boys  than  in  girls.  The  explanation  he  had  heard 
was  that  girls  were  more  accustomed  to  distinguishing 
colours  in  their  ordinary  life,  by  having  to  match 
ribbons,  wools,  and  so  on,  whilst  boys  had  no 
such  training.  With  regard  to  Sir  Henry  Wood’s 
remarks  about  the  schools  of  the  upper  classes, 
he  might  say  that  in  girls’  schools  every  care 
was  taken  to  ensure  proper  conditions  of  lighting 
and  desk  accommodation.  It  was  well  known  that 
the  Board  schools  of  London  varied  very  much  in 
structure,  mainly  owing  to  the  fact  that  the  ground 
differed  in  shape  and  capacity ; and  the  present 
architect  of  the  Educational  Department  told  him 
that  he  had  had  to  do  so  many  impossible  things, 
that  he  had  got  quite  accustomed  to  it.  He  had 
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been  much  interested  in  what  was  said  aboulihe 
accommodation  of  the  eye,  especially  as  havhian 
important  connection  with  the  teaching  of  drajng 
and  art  generally.  A picture  was  seen  at  a glj'g 
but  in  a glance  the  eye  could  not  accomnujite 
itself,  and  it  was  one  of  the  difficulties  of  the  teiier 
to  make  the  student  control  that  accommodjon 
intellectually  for  pictorial  purposes.  Every  piiu-^ 
had  its  own  focus,  and  the  objects  depicted  :re 
ought  fo  stand  out  clearly,  while  all  the  rest  h to 
be  more  or  less  subordinate,  according  to  di- 
distance  from  the  focus. 

Mr.  Applegarth  asked  if  there  were  any  spial 
advantage  in  having  a light  of  great  whitenessind 
what  were  the  relative  merits  of  gas  light  and  el(,ric 
light.  In  the  schools  with  which  he  was  acqua  ed 
abroad,  the  rooms  were  all  suirounded  by  a t k- 
board  some  three  feet  high,  and  some  thoughtik 
was  detrimental  to  the  children’s  eyesight.  The  it; 
ought  to  be  adjustable  for  height,  or  else  in  a is; 
many  of  the  children  would  be  of  necessity  ;rj 
uncomfortable. 

Mr.  Brudenell  Carter,  in  reply,  said  he  ac 
only  touched  the  fringe  of  a great  question  lal 
bristled  with  details,  which  it  was  imponlf 
to  attempt  even  to  deal  with.  He  found  ne 
school-rooms  much  better  lighted  than  othersmi 
that  was  not  a part  of  the  inquiry  which  el 
within  his  special  province.  There  were  well-k  vvi 
contrivances  for  measuring  the  amount  of  ,;lii 
which  fell  on  the  space  appropriated  to  each  cfd, 
estimating  it  at  so  many  candles,  and  that  won  b( 
done  by  other  members  of  the  committee  to  \ cl 
the  Chairman  had  referred.  The  apathy  on  thcari 
of  parents  to  which  Mr.  Synge  refeined  was  not  line 
in  all  schools.  One  schoolmistress  told  him  lai 
the  result  of  her  preliminary  examination  had  er 
to  send  eleven  children  to  the  Ophthalmic  Ho  ta 
the  next  day,  and  they  were  all  provided  with  ghjCS 
Sir  Henry  Wood  had  raised  a rather  difficult  qudoi 
of  physiology,  whether  the  improvement  of  van 
which  was  attained  by  practice,  was  really  ar  m 
provement  in  the  visual  organ.  As  he  had  sa  ir 
the  paper,  the  South  American  or  Tartar  ha|n( 
better  physical  basis  to  go  upon  than  marf  0 
ourselves,  but  he  did  think  that  in  additicj  t( 
increased  knowledge  of  what  to  look  for,  en 
was  an  increased  sensitiveness  to  the  light  m 
ing  from  the  object,  which  might  be  gainei  b; 

I practice.  As  to  whether  a child  should  lea 
spectacles  habitually,  it  was  an  absolutely  indhUa 
question,  like  the  question  whether  a particulaid 
person  had  better  take  medicine  or  not.  Ever}-  n; 
depended  on  the  character  and  degree  of  the  d ct 
and  wffiether  it  was  complicated  with  any  dise^j  c 
the  eye,  internal  or  external.  In  some  states  o|b 
eye  it  was  desirable  that  glasses  should  be 
continuously,  and  in  others  they  should  be  Avorninl 
occasionally ; no  general  rule  could  be  laid 
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\ regard  to  the  improvement  of  short-sight,  it 
physically  impossible  for  the  axis  of  the  eyeball 
>e  shortened,  but  no  doubt  to  some  extent 
i le  learned  by  observation  to  recognise  the 
ed  images  they  saw.  When  young  men 
idates  for  the  army  came  to  him  who  were 
)n  the  border-line,  and  it  was  a question  whether 
would  pass  the  examination,  he  advised  them  to 
/ the  printed  letters  at  the  distance  from  which 
would  have  to  read  them,  and  try  to  learn  what 
looked  like  to  them  ; and  he  knew  of  more  than 
nstance  in  which  such  advice  had  been  followed 
satisfactory  results  to  the  candidate.  He  should 
ery  glad  if  he  had  succeeded  in  calling  public 
tion  to  a matter  which  seemed  to  him  of  very 
importance. 

le  Chairman,  in  proposing  a vote  of  thanks  to 
Brudenell  Carter,  said  it  had  been  suggested 
the  Education  Department  should  issue  a circular 
lis  subject.  That  w^as  the  object  with  which  the 
nittee  had  been  appointed,  and  he  hoped  when 
eport  was  presented  it  would  throw  a little  more 
on  the  subject.  The  Department  always  took 
greatest  pains  before  approving  the  plans  of  a 
)1  to  see  that  the  light  fell  in  the  proper  manner, 
r architect  did  his  work  in  the  most  careful 
ler,  and  he  was  one  of  the  most  distinguished 
in  his  profession  in  London,  and  one  of  the 
est  experts  in  school  planning  and  building  in 
oimtry. 

le  vote  of  thanks  was  passed  unanimously,  and 
aeeting  adjourned. 


Miscellaneous. 


HE  TABLE-GRAPE  INDUSTRY  IN 
TRANCE. 

is  estimated  that  there  are  nineteen  million 
.of  land  in  the  world  under  vineyards.  Of  this 
France  claims  nearly  one-third  ; she  had  more 
e the  phylloxera  appeared,  but  replanting  is 
ly  making  good  the  loss,  as  the  cultivation  of 
^rape,  whether  for  table  consumption  or  wine- 
ug,  is  very  remunerative,  as  evidenced  by  the 
being  and  contentment  of  the  growers.  Besides 
ulture  of  grapes  affords  constant  and  agreeable 
oyment  nearly  throughout  the  year.  The 
re  of  the  vine,  M.  A.  de  Candolle  asserts,  can 
aced  to  the  Bronze  Age,  as  seeds  have  been 
1 in  the  lake  dwellings  of  Castione,  in  Italy,  and 
s of  the  vine  have  been  discovered  in  the  soft 
■ subsoil  at  Montpelier,  which  coincides  with 
3re-historic  period  of  our  globe.  What  about 
origin  of  the  juice — of  wine  itself.^  Pictet 


attributes  it  to  the  Semites  and  Aryans,  and  as  these 
peoples  migrated,  they  made  knowm  the  process  in 
the  countries  where  they  settled  down,  notably  in 
Egypt,  India,  and  Europe.  Thus  the  vine  and  wine 
possess  very  ancient  title-deeds. 

In  general,  table  grapes  in  France  are  grown  in 
the  open  air,  and  by  ingenious  processes  of  con- 
seiwation  can  be  kept  fresh  up  to  June.  Of  course, 
there  are  hot-house  grapes  growm,  and  of  late  the 
artificial  culture  under  glass  is  spreading  in  Northern 
France,  as  at  Roubaix,  Lille,  See.,  where  coal  is 
relatively  cheap,  to  dispute  the  foreign  market  Avith 
Belgian  forced  productions.  These  vinery  grapes 
can  never  have  any  important  sale  in  France;  their 
])rice,  2s.  to  3s.  per  lb  , being  only  for  persons  with 
fat  purses,  and  the  owners  of  the  latter  being  mostly 
gourmets,  prefer  the  superior  delicacy,  flavour,  and 
“ bouquet  ” of  the  natural  well-presen  ed  Chasselas 
grapes.  From  the  closing  days  of  June  till  the 
middle  of  July,  France  has  no  open-air  grown  grapes  ; 
but  then  she  has  an  ample  supply  of  small  fimits. 
Algeria  sends  the  first  consignments  of  fresh  grapes 
to  the  Paris  central  markets  ; they  have  not  the 
fineness  and  delicacy  x»f  the  grapes  of  continental 
France,  but  they  are  rapidly  becoming  ameliorated 
by  greater  care  in  cultivation.  Next  to  arrive  are  the 
grapes  from  Vaucluse,  the  Eastern  Pyrenees,  Herault, 
and,  in  due  course,  the  pleasant-eating  Chasselas  of 
Montauban  and  Toulouse.  The  Chasselas  grapes 
have  a thick  skin,  crisp  pulp,  sugar}'  melting  like 
a bonbon,  and  of  delicious  flavour.  It  is  not  a wine 
grape,  because  it  does  not  yield  much  juice,  and  does 
not  possess  good  keeping  qualities ; but  it  is  a sure- 
cropping,  profitable,  table  grape,  that  thrives  on 
strong  lands,  and  in  a humid  climate.  The  several 
varieties  of  Chasselas  are  not  distinctly  marked,  and 
their  differences  are  due  more  to  soil  and  culture  than 
to  other  causes.  The  Chasselas  of  Fontainebleau 
may  be  regarded  as  the  parent  of  that  celebrated 
variety,  now  so  widely  spread,  because  plants  are 
raised  in  nurseries  for  sale. 

Originally  it  came  from  the  village  of  Chasselas, 
near  Macon,  and  was  planted  in  the  royal  park  of 
Fontainebleau  during  the  reign  of  Henri  IV.  or 
Louis  XHI.  It  was  shoots  of  this  royal  vine  that 
Marmeux,  in  1730,  planted,  and  made  famous,  at 
Thomery,  a picturesque  village,  three  miles  from 
Fontainebleau,  and  sheltered  on  the  north  and  west 
by  the  wood-clad  hills. 

In  autumn,  no  more  beautiful  walk  exists  than  to 
descend  from  the  forest-heights  of  P'ontainebleau 
into  the  lowlands,  for  miles  around  the  country  only 
series  of  Avails  covered  Avith  vines,  espaliers,  and 
contre-espaliers,  are  to  be  seen.  This  is  the  head- 
centre  of  the  culture  of  the  Thomery  table-grapes, 
that  only  became  a Avorld-celebrated  industry  since 
1840.  Although  a fcAv  cultivators  raise  grapes  under 
glass,  the  normal  culture  is  carried  on  in  the  open  air. 
Perhaps  the  secret  of  the  monopoly  resides  in  the 
conservation  of  the  fruit — as  fresh  and  velvety  as 
Avhen  first  [gathered  on  the  vine — till  2^Iay  or  June, 
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when  they  sell  at  from  5s.  to  6s.  per  pound.  The 
walls  in  the  gardens  are  33  feet  apart,  and  ii  feet 
high ; supports  are  fixed  to  allow  of  a sloping  shelter 
■of  straw,  wood,  tarpaulin,  or,  better  still,  glass,  to 
protect  the  vine-espaliers  from  injuiy  by  frost  and 
rifin.  In  the  spaces  between  the  walls  are  the 
Eontre  - espaliers  with  galvanised  wire  for  the 
branches,  the  latter  equally  protected  from  the 
severity  of  the  weather  by  hoods  of  straw  matting. 
All  the  vine  branches  are,  as  a rule,  trained 
mostly  horizontally  and  vertically.  Following  the 
mode  of  pruning  adopted,  the  vines  are  planted 
j6  to  30  inches  apart,  and  only  one  bunch  of 
grapes  per  bearing  branch  is  desired.  The  Thomery 
grapes  owe  their  famous  reputation  to  the 
eisellement,  or  thinning  and  effeuillage,  or  removal 
of  foliage  practised.  When  the  grapes  are  about 
the  size  of  a pea  the  bunches  are  examined,  and 
every  berry  tending  to  obstruct  the  development 
of  its  neighbour,  or  presenting  the  appearance  of 
an  abortion,  is  carefully  removed  by  a sharp  and 
fine-pointed  pair  of  scissors.  That  operation  is  called 
eisellement. 

The  removal  of  the  leaves,  \yhen  they  interfere  with 
the  development  of  the  bunch,  is  effeuillage ; the 
second  removal  of  the  leaf  will  not  take  place  till  the 
fruit  be  matured,  and  is  intended  to  expose  the 
bemes  to  the  sun,  in  order  to  acquire  the  golden  hue 
so  much  desired  by  connoisseurs. 

In  consequence  of  the  extension  of  hot-house  raising 
of  grapes  in  the  North  of  France,  the  large  “ Franken- 
thal  ” violet-black  grape  is  not  so  much  cultivated  at 
Thomery.  Experiments  continue  to  be  successfully 
made  -with  hybridisation,  and  some  other  practices,  to 
obtain  a golden  Chasselas  with  benies  as  large  as  the 
Frankenthal.  The  secondary  quality  of  grapes  grown 
at  Thomery,  those  raised  on  the  contre-espaliers.,  the 
insufficiently,  or  too-ripe,  or  the  meagre-looking 
bunches,  are  packed  in  special  small  baskets,  and 
sent  to  the  Paris  central  markets,  where  they  never- 
theless obtain  a top  price.  But  the  best  grapes,  that 
is  to  say,  all  the  prime  crop,  and  those  destined  to  be 
conserved  till  the  spring,  are  cut  with  a pair  of 
scissors  or  a pruning  - knife,  and  the  bunches 
handled  with  care,  so  as  to  retain  their  bloom. 
These  bunches  are  left  uncut  as  long  as  sunny 
days  will  permit,  thus  allowing  much  of  the 
water  in  the  berries  to  evaporate,  and  in  that  way 
augment  the  quantity  of  sugar  retained  in  the 
berries,  of  which  as  much  as  30  per  cent,  has  been 
found. 

The  Romans,  in  order  to  preseiwe  grapes  from  one 
year  to  another,  inserted  a part  of  the  branch  with 
the  bunch  attached  in  a glass  globe,  and  covered  the 
mouth  with  pitch.  At  Thomery  growers  have  special 
halls  or  rooms  maintained  at  a temperature  of  30°  to 
42°  Fahr.,  where,  on  racks,  wide-mouthed  bottles 
filled  wdth  water  are  ranged,  slanting-wise,  and  into 
which  the  piece  of  the  branch,  nearly  3 inches  long, 
that  has  the  bunch  attached  is  inserted,  and  to  be 
kept  constantly  wet.  This  will  ensure  the  duration 
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of  the  plumpness  and  the  original  freshness 
berries.  In  the  bottom  of  the  bottles  shot 
placed  a few  pieces  of  charcoal  to  prevent  the  c 
position  of  the  water.  The  grapes  to  be  thu 
served  should  always  be  cut  during  dry  weathei  dt 
3 inches  of  the  branch  attached  to  the  bund 
storeage-room  ought  to  have  its  openings  facii 
north,  and  to  be  maintained  hermetically  closed |o  j 
to  guard  against  atmospheric  variations.  It  is  es  iti 
to  inspect  the  fruit  frequently,  and  remove  all  1 1 
affected  with  must ; place  in  a comer  some  lui|s^ 
quick-limestone  or  chloride  of  calcium  to  ,io: 
humidity,  wdien  the  hygrometer  exceeds  72  d(|ee 
and  if  a musty  smell  exists,  bum  a few  sulj  m 
wicks.  Grapes  that  are  not  expected  to  preserr  h( 
pristine  greenness  are  stored  by  the  small  grow,^ 
Thomery  in  the  central  room  on  the  first  stc|\’ 
their  dw^elling-house  ; the  bunches  are  plac(i  < 
open-work  shelves,  so  as  not  to  touch,  ar  a 
covered  over  with  very  dry  rye  straw  or  fern.  I 
room  must  have  facilities  for  ventilation,  an  t 
usual  uniform  temperature  and  hygrornetric  cor  ti 
of  the  atmosphere  secured.  It  has  been  foun'tl 
grapes  obtained  from  vines  not  less  than  tenej 
old  keep  better  than  such  as  are  product^ 
younger  vines,  and  that  the  products  of  arg  c; 
careous  soils  preserve  better  than  those  from  side 
soils. 

In  Southern  Russia  fresh  grapes  are  presene  ir 
well-closed  cask  with  the  finest  cork  dust,  s)tl 
each  berry  be  w^ell  embedded  in  the  pow’der.  ! t 
South  of  France,  wFere  the  grapes  are  excellena 
abundant,  all  attempts  made  to  presen-e  k 
throughout  winter  have  failed  — at  Montll 
especially,  owing  to  the  sudden  transitions  o;e: 
perature. 

The  packing  of  the  grapes  for  exportati 
executed  by  women  specially  trained  to  the  >r 
small  deal  boxes  are  lined  inside  with  the  whitjt 
paper,  the  border  of  the  latter  being  of  a lace  p;,ei 
Tbe  bunches  of  grapes  are  then  laid,  stalk  up  n 
so  as  not  to  touch  each  other,  with  paper  sepailic 
of  an  undulatory  nature  ; a sheet  of  paper  covep 
and  the  lid  is  closed  down.  I 

Herault  is  the  department  which  excelj 
ordinary  vineyard  table  grapes,  and  these  a;  f 
warded  to  Paris,  from  August  to  Octob 
circular  wicker  baskets  containing  25  lb.  of  fru, 
boasts  to  have  Chasselas  as  good  as  thej 
Thomery,  w'hich  is  not  quite  exact.  Anr 
produces  tw'o  tons  of  grapes,  which  sell  0: 1 
spot  at  a fraction  less  than  one  penny  per  Ihi  t 
transport  to  Paris,  duties,  storage,  commissionj>^ 
amount  to  2d.  per  lb.,  so  the  retailer  pa’|; 
wholesale  price,  and  sells  at  5^.  to  7^.  per  lb.  I 
railway  charge  covers  the  return  of  the“em|e 
The  “grape-trains”  leave  Montpellier  at  mid^ 
arrhing  at  Paris  in  23  hours  ; the  grape 
delivered  to  the  commission  agent,  and  aucM 
off  six  hours  later. — Edward  Connor  in  Gar^ 
Chronicle.  1 


Wun^y  25  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


3+7 


Correspondence. 

♦ 

STEAM-PRESSURE  GA  UGE. 

ur  attention  having  been  called  to  the  columns  of 
uiing  mechanical  paper,  published  in  New  York, 
er  the  style  of  Locomotive  Engineering,  p.  709, 
.in^T  to  the  original  inventor  of  the  steam- 
sure  gauge,  the  writer  of  which  report  claims  the 
Dur  of  this  invaluable  invention  being  first  brought 
by  a Frenchman  in  1850.  As  the  merit  of  the 
ntion  of  this  important  instrument  belongs  to  an 
lishman — the  late  Sydney  Smith,  of  Nottingham, 
847  (three  years  before  the  French  gauge) — we 
u it  of  sufficient  interest  to  send  these  facts  to  you, 
mfirmation  of  which  we  not  only  enclose  you  a 
' of  a letter  from  the  inventor  claiming  the  honour 
nvention,  but  also  one  from  the  late  George 
)henson,  who  was  the  first  person  to  use  it,  and 
observations  thereon  he  voluntarily  sent  to  the 
hanical  papers  published  in  his  day. 
ur  reason  for  sending  you  this  information  is 
use  in  examining  the  papers  left  by  the  late 
ney  Smith  we  have  come  across  a letter  written 
ne  of  the  officers  of  the  Society  of  Arts,  dated 
)ber  2nd,  1847,  and  signed  by  Samuel  Thos. 
enport,  which  also  is  further  evidence  of  the 
e facts. 

r.  Sydney  Smith  has  had  no  national  recognition 
le  great  benefit  conferred  upon  mankind  by  this 
luable  invention,  except  the  fortune  he  made 
of  it. 

full  and  accurate  description  of  this  first  steam 
;e  appeared  in  the  columns  of  the  Mechanical 
id,  in  the  issues  of  July  and  August,  1897,  and 
a leading  article  appeared  in  the  Railway 
lid  of  July  17,  1897,  on  the  same  subject, 
nowing  that  many  of  your  readers  give  special 
ition  to  such  information  as  contained  herein, 
may  deem  it  worthy  for  this  letter  to  appear  in 
next  issue  of  the  Journal. 

Isaac  Smith 

(Sou  of  the  late  Sydney  Smith). 

sford  Brass  AVorks,  Nottingham. 

Feb.  21,  1898. 


General  Notes. 

♦ 

)RTRaits  of  Members.— Messrs.  Maull  & Fox 
for  some  time  taken  photographic  portraits  of 
bers  of  the  Society,  and  they  have  just  pre- 
;d  the  Society  with  a series  of  nearly  two  hundred 
let-sized  portraits.  Messrs.  Maull  & Fox  have 
issed  their  willingness  to  take  photographs  of 
members  of  the  Society  gratuitously,  and  to 
■nt  a copy  to  the  sitter. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meeting.s. 

Wednesday  Evenings,  at  8 o’clock: — 

March  2. — “ Kites  : their  Theory  and  Practice.” 
By  Captain  B.  S.  Baden-Powell.  Professor 
W.  Grylls  Adams,  F.R.S  , will  preside. 

March  9. — “ Linde’s  Method  of  Producing  Ex- 
treme Cold  and  Liquefying  Air.”  By  Professor  J. 
A.  Ewing,  F.R.S.  Professor  James  Dewar, 
LL.D.,  F.R.S.,  will  preside. 

March  16. — “ The  Recent  History  of  Paper- 
making.” By  Clayton  Beadle. 

March  23. — “ The  Preparation  of  Meat  Extracts.” 
By  C.  R.  Valentine. 

March  30. — “ Telegraphy  Across  Space.”  By 
Professor  Silvanus  P.  Thompson,  F.R.S.  J.  W. 
Swan,  F.R.S.,  will  preside. 

Dates  to  be  hereafter  announced  : — 

“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 

“ Water  Gas  and  its  Appliances.”  By  Professor 
Vivian  Lewes. 

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — 

March  10. — “India  and  Sir  Henry  Maine.” 
By  Charles  Lewis  Tupper,  C.S.I.  The  Right 
Hon.  Sir  Mountstuart  Elphinstone  Grant 
Duff,  G.C.S.I.,  F.R.S.,  will  preside. 

March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S.  The  Right 
Hon.  Sir  Henry  Fowler,  G.C.S.I.,  M.P.,  will 
preside. 

April  21. — “The  Rise,  Progress,  and  Present 
Position  of  the  Native  Press  of  Western  India.”  By 
R.  P.  KIarkaria  (of  Bombay). 

April  28.  — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 

The  meeting  of  March  31  will  be  held  at 
the  Imperial  Institute  ; those  of  March  10, 
April  21,  April  28,  and  May  19  at  the  Society 
of  Arts. 

Foreign  and  Colonial  Section. 

Tuesday  Afternoons,  at  4.30  o’clock  : — 

March  15.— “The  West  Indies  and  Sugar 
Bounties,”  By  Nevile  Lubbock. 

Date  to  be  hereafter  announced  : — 

“The  African  : what  he  is,  and  -what  he  is  capable 
of  becoming.”  By  the  Rev.  Godfrey  Dale  (Uni- 
versities Mission  to  Central  Africa). 

Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock  : — 

March  8. — “ The  Making  of  a Stained  Glass 
Window.”  By  Lewis  Foreman  Day.  Walter 
Crane  will  preside. 


348 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


[February 


March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B. 

April  26. — “ The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  10. — “The  Art  of  William  Morris.”  By  F. 

S.  Ellis. 

May  17. — “Practical  Points  in  Italian  Majolica 
Painting.”  By  William  Burton,  F.C.S. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

Lecture  III.  — February  28.  — Repetition, 
Alternation,  Axiality,  &c. 

Lecture  IV. — March  7. — Simplicity,  Reticence, 
Unity,  &c. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process . ’ ’ 
Three  Lectures. 

March  14,  21,  28. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Feb.  28  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Mr. 
Hugh  Stannus,  “ The  Principles  of  Design  in 
Form.”  (Lecture  III.) 

Farmers’  Club,  Salisbury- square  Hotel,  Fleet-street, 

E. C.,  4 p.m.  Mr.  T.  Carrington  Smith,  “Proposed 
Legislation  in  restraint  of  the  Adulteration  of 
Dairy  Products.” 

Scottish  Society  of  Arts,  Heriot-Watt  College, 
Edinburgh,  8 pm.  Prof.  Stanfield,  “ Experimental 
Investigation  as  applied  in  the  teaching  of  En- 
gineering.” 

Imperial  Institute,  South  Kensington,  8|  p.m.  Mr. 

F.  Villiers,  “The  Re-Conquest  of  the  Soudan.” 
Geographical,  University  of  London,  Burlington- 

gardens,  W.,  8J  p.m.  Dr.  John  Murray,  “The 
Annual  Range  of  Temperatures  in  the  Surface 
Waters  of  the  Ocean,  and  its  bearing  on  Oceano- 
graphical Problems.” 

Actuaries,  Staples-inn-hall,  Holborn,  7 p m. 

Camera  Club,  Charing-cross-road,  W.C.,  8|  p.m. 
Messrs.  T.  C.  and  C.  M.  Hepworth,  “A  Corner  of 
Normandy.” 

Medical,  ii,  Chandos-street,  W.,  8|p.m. 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Rev.  Canon  Benham,  “ St.  Paul’s  Cathedral.” 
Tuesday,  March  i.. .Royal Institution,  Albemarle- street,  W., 
3 p.m.  Prof.  E.  Ray  Lankester,  “The  Simplest 
Living  Thing.”  (Lecture  VII.) 

Medical  and  Chirurgical,  20,  Hanover- square,  W., 
5 p.m.  Annual  Meeting. 

Civil  Engineers,  25,  Great  George-street,  S.W., 


8 p.m.  Discussion  on  papers  by— i.  Mr.  Lie 
B.  Atkinson,  “ The  Theory,  Design,  and  Pr: 
Working  of  Alternate-Current  Motors;” 
H.  F.  Parshall,  “ Dublin  Electric  Tramway.' 
Pathological,  20,  Hanover-square,  W.,  8i  p.m, 
Roentgen  Society,  ii,  Chandos-street,  W., 
Messrs.  J.  H.  Gardner  and  Wilson  1 
“ Photographic  Action  of  Roentgen  Ra 
Various  Vacua.” 

Zoological,  3,  Hanover-square,  W , 8J  p.m. 

J.  Stanley  Gardiner,  “ The  Perforate  1 
collected  by  the  author  in  the  South  Pacific 
Prof.  B.  C.  A.  Windle  and  Mr.  F.  G.  Pa 
“ The  M3mlogy  of  the  Terrestrial  Carni 
(Part  II.)  3.  Mr.  F.  E.  Beddard,  “ The  Bra 
some  other  Points  in  the  Anatomy  of  Bassari 
Biblical  Archaeology,  37,  Great  Russell-street, 
8 p.m. 

Wednesday,  March  2. ..SOCIETY  OF  ARTS,  John-i 
Adelphi,  W.C.,  8 p.m.  Captain  B.  F.  S.  B 
Powell,  “ Kites  : their  Theory  and  Practice.’ 
Sanitary  Institute.  74A,  Margaret-street,  W., , 
Dr.  C.  Childs,  “Water-borne  Typhoid.” 
Archaelogical  Association,  32,  Sackville-strect 
8 p.m. 

Obstetrical,  20,  Hanover-square,  W.,  8 p.m. 

Thursday,  March  3. ..Royal,  Burlington-house,  W.,  4 
Antiquaries,  Burlington-house,  W.,  8^  p.m. 
Linnean,  Burlington-house,  W.,  8 p.m.  i.  1 
J.  Cole,  “ The  Sense  Organs  of  the  Lateral  I 
certain  Fishes.”  2.  Mr.  G.  C.  Druce,  “ The  i 
ence  of  Carex  helvola^  in  Britain.”  3.  Ri 
Pickard-Cambridge,  “Arctic  Spiders  from 
Josef  Land.” 

Chemical,  Burlington  - house,  W.,  8 p.m 

Messrs.  John  Wade  and  Laurence  C.  Pa 
“Note  on  the  Preparation  of  Dry  Hyd 
Cyanide,  and  Carbon  Monoxide.”  2.  Dr. 
Collie  and  Mr.  T.  Tickle,  “ Production  of 
Nitro  and  Amido-oxylutidines.”  3.  Dr. 
Collie  and  Miss  L.  Hall,  “ Production  of 
Nitro-  and  Amido-oxylutidines.”  (Part  11 
Dr.  E.  Divers,  “ The  Interaction  of  Magr 
and  Solution  of  Copper  Sulphate.” 

Society  for  the  Encouragement  of  Fine  Ai 
Conduit  - street,  W.,  8 p.m.  Mr.  Law 
“ Primitive  Ireland.” 

Sanitary  Institute,  74A,  Margaret-street,  W.,  i 
Mr.  A.  AVynter  Blyth,  “ Sanitary  Laws 
Regulations  governing  the  Metropolis.” 
Royal  Institution,  Albemarle-street,  W.,  3 
Prof.  J.  A.  Fleming,  “ Recent  Research 
Magnetism  and  Diamagnetism.”  (Lecture  1 
United  Service  Institution,  Whitehall,  S.W.,  3 
Major  A.  W.  A.  Pollock,  “ The  Battle  Train 
Infantry.” 

Camera  Club,  Charing-cross-road,  W.C., 
Mr.  Cyril  Davenport,  “ Mediaeval  and  Embroi 
Bookbindings.” 

Friday,  March  4. ...Royal  Institution,  Albemarle-stree 
8 p.m.  Weekly  Meeting.  9 p.m.  Prof.  T.  E.Tl 
“ Some  Recent  Results  of  Physics— Chemica 
quiry.” 

Geologists’  Association,  University  College, 

8 p.m. 

Junior  Engineers,  AVestminster  Palace  Hotel,  I 
8 p.m.  Mr.  A.  H.  Stanley,  “ An  Outline  of  P; 
law  and  Practice.” 

Philological,  University  College,  W.C.,  8 p.m. 
Quekett  Microscopical  Club,  20,  Hanover-sq 
W.C.,  8 p.m. 

Saturday,  March  5. ..Royal  Institution,  Albemarle-; 

W.,  3 p.m.  Prof.  Walter  Raleigh,  “ Ei 
Letter  Writers.”  (Lecture  I.) 
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FRIDAY,  MARCH  4,  1898. 


ll  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-sireet,  Adelphi,  London,  IV. C. 


Notices. 


ALBERT  MEDAL. 

The  Council  of  the  Society  attended  at 
[arlborough  - house  on  Saturday,  the  26th 
timo,  when  His  Royal  Highness  the  Prince 
Wales,  K.G.,  President  of  the  Society, 
•esented  the  Albert  Medal  to  George  James 
/raons,  F.R.S.,  “ for  the  services  he  has 
ndered  to  the  United  Kingdom  by  affording 
engineers  engaged  in  the  water  supply  and 
e sewage  of  towns  a trustworthy  basis  for 
eir  work,  by  establishing  and  carrying  on 
iring  nearly  forty  years  systematic  observa- 
>ns  (now  at  over  3,000  stations)  of  the  rainfall 
the  British  Isles,  and  by  recording,  tabu- 
ing, and  graphically  indicating  the  results 
these  observations  in  the  annual  volumes 
Wished  by  himself.” 

Ihe  members  of  the  Council  present  were  : — 
ijor-Gen.  Sir  Owen  Tudor  Burne,  G.C.I.E., 
C.S.I.  (chairman).  Sir  Frederick  Abel, 
rt.,  K.C.B.,  F.R.S.,  Sir  George  Birdwood, 
C.I.E.,  C.S.L,  Sir  Edward  Birkbeck,  Bart., 
Frederick  Bramwell,  Bart.,  F.R.8:.,  Michael 
rteighe,  Hon,  Sir  Charles  W.  Fremantle, 
C.B.,  Sir  Douglas  Gallon,  K.C.B.,  F.R.S., 
Graham  Harris,  Sir  Owen  Roberts,  D.C.L., 

)f.  W.  C.  Roberts-Austen,  C.B.,  F.R.S., 
?xander  Siemens,  and  William  Luson 
omas,  with  Sir  Henry  Trueman  Wood, 
retary,  and  Henry  B.  Wheatley,  assistant- 
retary. 


CANTOR  LECTURES. 

)n  Monday  evening,  28th  ult.,  Mr.  Hugh 
.NNUS,  F.R.I.B.A.,  delivered  the  third 
ure  of  his  course  on  “The  Principles  of 
i-ign  in  Form.” 

he  lectures  will  be  printed  in  the  Journal 
ng  the  summer  recess. 


Proceedings  of  the  Society, 

♦ 

APPLIED  ART  SECTION. 

Tuesday,  February  22,  1898;  Sir  George 
Birdwood,  K.C.I.E.,  C.S.L,  in  the  chair. 

The  Chairman  said  Mr.  Cyril  Davenport,  of  the 
British  Museum,  was  known  to  aU  interested  in  the 
subject  of  the  lecture  of  the  evening,  as  the  author  of 
a beautiful  w'ork  on  the  insignia  of  the  British 
Monarchy,  entitled  The  English  Regalia,  published 
by  Messrs.  Kegan  Paul  and  Co.  in  1897.  He  was 
better  known  to  the  members  of  the  Applied  Art 
Section  of  the  Society  of  Arts  as  a great  authority  on 
bookbinding,  and  only  the  previous  evening  he  had 
read  a charming  paper  before  the  Bibliographical 
Society  on  “Embroidered  Books.”  He  was  also 
known  to  his  personal  friends^as  a practical  enameller 
of  great  taste  and  skill  and  a most  accomplished 
photographer.  Mr.  Cyril  Davenport  therefore 
needed  no  more  than  a formal  introduction  to  his 
present  audience,  and  he  (the  Chairman)  would  at 
once  caU  upon  him  to  read  his  paper. 

The  paper  read  was — 

THE  ENGLISH  REGALIA. 

By  Cyril  Davenport. 

On  the  9th  August,  1649,  under  the  Com- 
monwealth,  the  ancient  regalia  of  England  at 
the  Tower  were  totally  broken  up,  but,  fortu- 
nately, one  or  two  pieces  of  the  old  Royal 
treasure  connected  with  the  coronation  were 
then  at  Westminster  Abbey,  and  they  escaped. 
The  most  important  of  these  were  the  golden 
ampulla,  for  holding  the  consecrated  cream, 
the  ancient  coronation  spoon,  and  the  corona- 
tion stone  of  the  Scottish  kings,  which  was 
brought  to  England  by  Edward  I.  The 
ampulla  and  spoon  are  now  at  the  Tower, 
and  the  stone  is  still  at  Westminster  Abbey. 
On  the  restoration  of  Charles  II.,  a committee 
was  formed  to  direct  the  remaking  of  the 
regalia,  which  was  done,  after  the  old  fashion, 
in  1662,  by  the  Royal  goldsmith.  Sir  Robert 
Vyner,  who  was  afterwards  Lord  Mayor  of 
London,  and  an  intimate  friend  of  the  king. 
Many  of  the  pieces  now  in  the  Tower  were 
made,  in  the  first  instance,  by  Sir  Robert 
Vyner,  although  the  majority  of  them  have 
been  altered  since  his  time.  The  insignia  have 
also  been  considerably  added  to  by  James  II., 
who  caused  new  crowns,  circlets,  and  sceptres 
to  be  made  for  himself  and  his  queen,  Mary’’  of 
Modena  ; and  further  alterations  and  additions 
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were  made  for  the  joint  sovereigns,  William  and 
Mary.  In  every  case,  orbs,  sceptres,  or  crowns, 
a close  adherence  to  old  patterns  has  in  general 
design  been  carefully  preserved.  The  crown 
known  as  St.  Edward’s  is  the  actual  official 
crown  of  England,  and  even  if  it  is  not  actually 
worn,  it  is  always  present  at  the  coronation. 

Besides  this  official  crown,  all  our  later 
sovereigns  have  possessed  a state  crown  of  a 
more  ornamental  kind,  and  these  state  crowns, 
as  far  as  I can  judge,  have  been  largely  altered 
for  successive  sovereigns.  Formerly,  kings 
wore  their  crowns  in  battle.  Henry  V.  wore 
his  at  Agincourt — indeed,  it  is  said  to  have 
saved  his  life  from  the  Due  d’Alen9on — and 
when  Richard  III.  was  killed  at  Bosworth 
Field,  in  1485,  his  crown  was  hidden  by  a 
soldier  in  a hawthorn  bush,  who  carried  it  to 
Lord  Stanley.  He  put  it  on  the  head  of  the 
Earl  of  Richmond,  and  saluted  him  by  the 
title  of  Henry  VII.  In  memory  of  this,  the 
king  used  as  one  of  his  badges  a hawthorn 
bush  with  a crown  in  it,  and  there  is  a loyal  old 
saying,  “ Cleave  to  the  crown  though  it  hang 
on  a bush.”  The  coronation  ceremonies  them- 
selves were  very  elaborate,  and  although  they 
are  simplified  now,  in  many  ways  the  ancient 
order,  in  its  material  points,  is  still  retained. 
The  ceremonies  that  were  used  at  the  corona- 
tion of  Richard  II.  are  most  clearly  laid  down 
in  a little  vellum  MS.  of  the  fourteenth  century, 
now  preserved  at  Westminster,  and  known  as 
the  ‘ ‘ Liber  Regalis . ’ ’ The  order  is,  generally, 
as  follows  : — • 

I The  anointing. 

2.  The  investment  with  the  Colobium 

Sindonis,  always  a simple  linen  gar- 
ment. 

3.  The  dalmatic. 

4.  Shoes,  buskins,  and  spurs. 

5.  Sword. 

6.  The  stole,  or  armilla. 

7.  The  Imperial  mantle. 

8.  The  crown. 

9.  The  ring. 

10.  The  sceptres.  . 

It  will  be  seen  that  there  are  insignia  of  two 
kinds  in  this  list,  those  of  a priest  or  bishop, 
and  those  ot  a soldier.  The  “ Colobium 
Sindonis  ” may  be  considered  an  equivalent  to 
the  alb  or  rochet.  The  dalmatic,  the  stole, 
and  the  ring  are  all  episcopal,  and  the  Imperial 
mantle  is  analogous  to  the  cope  ; the  sceptre 
corresponds  to  the  crosier,  and  the  crown  to 
the  mitre.  The  purely  military  elements  are 
the  sword  and  spurs 


From  the  time  of  Edward  the  Confessoi| 
until  the  reign  of  Henry  VIII.,  the  regalia  wer 
usually  kept  in  the  treasury  at  Westminstd 
Abbey,  by  authority  of  their  foundatioi 
charter ; but  the  sovereigns  had  the  privileg| 
of  taking  them  about  with  them  whenever  tht| 
wished  to  do  so.  The  coronation  vestmen 
of  Charles  II.  and  James  II.  have  been  fort) 
nately  described  and  figured  by  Sir  Edwai 
Walker  and  Francis  Sandford,  in  their  a( 
counts  of  the  coronations  of  these  kings  ar 
the  vestments  used  by  Queen  Victoria  folloi 
them  closely  in  general  design.  These  a 
now  kept  in  the  Robes  office  at  St.  James 
Palace. 

The  orb  with  the  cross  is  a very  ancie 
Christian  emblem.  It  was  borrowed  by  0 
Saxon  kings  from  the  Roman  emperors,  ai 
the  variations  in  the  form  of  the  cross  whi< 
have  occurred  since  the  time  of  Edward  t] 
Confessor,  may  be  followed  to  some  exte 
from  coins,  but  chiefly  from  the  great  seals, 
complete  collection  of  which  exists  from  tl 
Confessor’s  time. 

From  Richard  III.  to  Henry  VII.  the 
crosses  are  raised  upon  a tall  stem,  ornamenf 
more  or  less  elaborately.  On  the  great  seal 
Henry  VIII.,  however,  the  cross  rests  direct 
on  the  orb,  and  this  is  the  form  it  has  retain 
ever  since. 

The  sceptre  first  shows  on  a penny 
.(Ethelred  II.  It  is  a rod  with  three  pearls 
the  top.  On  the  pennies  of  Canute  the  peai) 
have  turned  into  a trefoil,  and  Edward  t. 
Confessor,  on  some  of  his  pennies,  holds  0 
with  a cross  at  the  top,  while  on  his  great  sf 
he  is  shown  bearing  a sceptre  with  a dove  a 
these  two  forms  the  cross  and  the  dove,  ex 
at  the  present  time,  and  they  may  indeed 
considered  direct  survivals  of  the  patterj. 
adopted  by  Edward  the  Confessor. 

Taking  coins  again  as  an  authority  it  appec''- 
that  the  early  British  kings  wore  ornament 
wreaths  or  fillets,  but  on  a penny  of  .Atheist?:. 
a helmet  bearing  a coronet  with  three  pearls  |i 
raised  stems  shows  very  clearly.  On  a pen' 
of  Canute  the  three  pearls  have  developed  iij> 
three  trefoils,  and  on  some  of  the  pennies  ;f 
Edward  the  Confessor  we  come  across  l» 
arched  crown,  with  ornamental  pearl  tassjJ 
depending  from  each  other  side.  The  pea> 
gradually  modified  themselves  into  trefo,, 
which  appear  on  the  pennies  of  Edward  L,  a|l 
the  arches  show  again  distinctly  on  the  thjl 
great  seal  of  Edward  IV.  The  centre  tref(|, 
often  larger  than  the  others,  is  first  sho,i 
with  square  ends,  or,  as  we  call  it,  a cr.s 
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atie,  on  the  first  seal  for  foreig'n  affairs  of 
enry  VI.,  and  the  actual  form  of  the  crown  of 
enry  VIII.  as  shown  on  his  coins  and  great 
•al,  is  in  all  particulars  the  same  as  the 
esent  crown,  that  is  to  say,  a rim  with 
osses  Jatees  and  Jieurs-de-lys  alternately 
fing  from  it,  arched  with  a double  arch, 
id  surmounted  by  a mound  and  cross. 

The  ampulla  or  golden  eagle.  Fig.  i,  is 
■rtainly,  at  all  events  in  part,  one  of  the  oldest 
eces  of  Royal  treasure  now  remaining.  With 
; pedestal,  it  measures  about  9 ins.  in  height, 
weighs  about  10  ounces  of  solid  gold,  and  is 
pable  of  containing  6 liquid  ounces.  The 
ad  screws  off  its  neck,  and  the  oil  pours  out 
the  beak.  It  is  said  to  be  the  original 
ipulla  that  was  used  at  the  coronation  of 
mry  IV.  (October  13th,  1399).  I should 
ink,  however,  that  it  has  been  considerably 


Fig.  I. 


[ked  upon  and  added  to  by  Sir  Robert 
ler.  Both  the  pedestal  and  the  wings 
lear  to  be  comparatively  new,  and  the  body 
f has  been  completely  worked  over  with  a 
5ing  tool.  The  shape  of  the  head  and  the 
S appears  to  me  such  as  may  well  have 
1 designed  at  an  early  date,  and  this 
ion  is  borne  out  by  the  fact  that  the  screw 
le  neck  is  hand-made. 

coronation  spoon.  Fig.  2,  about  the  age 
j hich  there  is  also  considerable  diversity  of 
jion,  has,  I think,  also  been  added  to  by 
Robert  Vyner.  It  is  figured  by  Henry 
in  his  book  on  the  dresses  and  decora- 
of  the  Middle  Ages,  and  he  says: — “It 
iiost  probably  been  used  in  the  coronation 


of  our  monarch  since  the  12th  century  . . . its 
style  of  ornamentation  seems  to  prove  that  it 
was  made  at  that  period  ....  there  can,  of 
course,  be  no  doubt  as  to  its  antiquity.”  But 
there  are  other  authorities  who  do  not  hold 
this  opinion.  The  spoon  is  of  silver  gilt,  and 
the  handle  itself  is  7^  inches  in  length.  The 
bowl  is  2^  inches  long,  and  has  a curious  rib 
down  the  centre,  dividing  it  into  Fig.  i. 
two  hollows,  fitting  the  two  fingers 
of  the  right  hand.  A considerable 
portion  of  the  handle  is  ornamentea 
with  work  known  as  “ champleve,” 
a form  of  preparing  metals  for 
enamelling,  and  it  has  four  pearls 
at  its  thickest  portion.  The  decora- 
tion of  this  handle  altogether, 
appears  to  me  to  be  of  an  ancient 
character,  and  the  bowl,  I think, 
was  most  likely  made  by  Sir 
Richard  Vyner,  copied  in  its  main 
lines,  however,  from  an  older  one. 

Both  the  spoon  and  the  ampulla, 
although  distinctly  Royal,  have  a 
sacredness  attaching  to  them 
greater  than  that  of  any  other 
pieces  of  the  regalia,  as  they  were  I ^ 
actually  used  in  the  ceremony  of 
anointing;  and  it  may  be  partly  \X>  ^ 
to  this  idea  of  holiness  that  we  owe  theJo^sa. 
their  preservation.  r,o>.-  Spoon. 

The  ancient  coronation  stone,  which  was 
broughtfrom  Scotland  by  Edward  I.  in  1296, 
has  been  kept  ever  since  that  time  in 
Westminster  Abbey,  with  the  single  ex- 
ception of  the  time  when  Cromwell  was 
installed  Lord  Protector,  when  it  was  taken 
to  Westminster  Hall.  Our  sovereigns  have 
all  been  crowned  upon  it  except  Mary  I.  The 
stone  itself  is  said  to  be  that  on  which  the 
patriarch  Jacob  slept  on  the  plain  of  Luz. 
There  is  a long  history  about  it  in  Holinshed’s 
History  of  Scotland.”  It  seems  to  have 
been  placed  in  the  Abbey  of  Scone  by  King 
Kenneth  in  the  9th  century.  He  found  it 
near  Dunstafifnage  Castle,  to  the  sandstone 
of  which  it  has  a near  resemblance.  King 
Kenneth  had  it  enclosed  in  a wooden  chair, 
of  which  the  present  one  is  a copy.  The  stone 
was  supposed  to  groan  whenever  any  of  the 
monarchs  of  the  Scythian  race  seated  them- 
selves upon  it,  and  there  was  at  one  time  a 
plate  fixed  in  it  on  which  was  engraved  a 
legend  in  Latin,  which  may  be  translated — 

Except  old  saws  do  fail  and  wizards  wits  be  blind, 

The  Scots  in  place  must  reign  where  they  this  stone  do 

find. 
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Vestments. 

The  vestments  worn  by  Queen  Victoria 
are  now  kept  in  the  Robes  office  at  St. 
James’s  Palace,  where  they  are  under  the 
charge  of  a regularly  appointed  ofiicial. 

Colohium  Sindonis colobium  sin- 
donis  is  a garment  of  soft  white  linen  edged 
with  lace,  and  with  a nine  inch  flounce  also 
of  lace.  It  is  open  at  the  sides  and  cut  low 
at  the  bust,  fastens  on  the  left  shoulder  with 
three  buttons,  and  on  the  right  shoulder  are 
three  dummy  buttons  to  match.  A thick 
gold  cord,  corresponding  to  the  girdle  of  the 
alb,  was  worn  round  the  waist  by  the  Queen 
.at  her  coronation. 

The  DalmaUc.—The  dalmatic  is  put  on 
next  to  the  colobium  sindonis.  It  is  a gar- 
ment of  cloth  of  gold  without  any  fastening 
.and  has  short,  deep,  pointed  sleeves  ; it  is 
edged  all  round  with  lace  made  of  gold  thread. 

It  is  lined  throughout  with  rose-coloured  silk. 
The  cloth  of  gold  has  a delicately  coloured 
design  woven  upon  it.  A scroll  of  palm-leaf 
pattern  divides  the  surface  into  irregular 
compartments,  filled  alternately  with  rose, 
shamrock,  and  thistle,  all  in  their  proper 
colours. 

The  Immediately  over  this  Her 

Majesty  wore  the  stole,  which  hung  round 
the  neck  and  depended  on  each  side.  In 
religious  ceremonies  of  the  present  day  the 
stole  immediately  succeeds  the  alb,  but  in 
the  nth  and  12th  centuries  it  was  worn  over 
the  dalmatic,  and  this  ancient  custom  is 
retained  to  the  present  day  by  deacons  of  the 
Greek  church.  The  stole  was  sometimes  worn 
crossed  over  the  breast,  an  example  of  which 
^an  be  seen  on  the  golden  bulla  of  the 
Emperor  Frederick  III.  as  worn  in  the 
1 6th  century.  The  stole  itself  is  a band  of 
cloth  of  gold,  five  feet  two  inches  long  and 
three  inches  wide.  It  is  lined  with  rose  silk, 
and  the  ornaments  upon  it  are  white  eagles, 
Toses,  shamrocks,  and  thistles,  each  sur- 
mounted by  a coronet,  and  woven  in  coloured 
silks  and  silver  threads.  At  each  of  the  ends 
IS  a red  cross  of  St.  George  on  a silver  ground, 
finished  off  with  a deep  gold  fringe.  Although 
differing  in  detail,  the  ornaments  upon  this 
stole  are,  with  the  exception  of  the  St.  George’s 
cross,  the  same  as  those  on  the  stole  worn  by 
James  II.,  but  the  crosses  did  exist  on  the 
stole  worn  by  Charles  II.,  the  rest  of  the 
ornamentation  being  different,  and  of  an 
arabesque  character  only. 

The  Imperial  Mantle.— royal  mantles 
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worn  by  Charles  II.  and  James  II.  were  botl 
ornamented  with  a palm-leaf  scroll,  arrangej 
so  as  to  leave  oblong  spaces.  These  spaed 
were  filled  alternately  with  roses  and  whij 
eagles,  the  junction  of  the  scrolls  beirj 
marked  by  a Jleur-de-lys  and  coronet,  usq 
alternately  in  rows. 

The  Imperial  mantle  of  Queen  Victor 
follows  the  previous  design  very  closely,  b 
the  palms  give  way  to  a closer-leaved  patter 
and  besides  the  eagles  and  the  roses,  there  a; 
shamrocks  and  thistles,  all  woven  in  ri 
colouring.  It  is  edged  with  a gold  fringe,  a 
lined  with  rose-coloured  silk,  and  fastened 
a rectangular  gold  morse  or  clasp,  on  which 
the  figure  of  an  eagle  in  relief,  flanked 
designs  symbolical  of  the  three  kingdoms, 
is  65  inches  in  length,  from  the  neck  do^ 
wards,  and  28  inches  across  the  shoulders. 


Orbs. 

On  the  obverse  of  the  great  seal  of  Edw:i 
the  Confessor,  the  orb  is  shown  as  a simi 
sphere,  and  he  is  holding  it  in  his  left  haul; 
but  on  some  of  his  coins  it  has  a sH 
cross  upon  it  as  well.  The  orb  is  not  oIq 
shown  on  English  coins,  and  when  it  is  foid 
it  has  always  a short  cross  upon  it.  On  ombf 


Fig.  3. 


The  Larger  Orb. 


the  great  seals  of  Henry  I.,  he  holds  arpr 
with  a cross  and  a dove,  which  combin -O 
seems  to  have  been  more  favoured  afterv^c 
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I sceptres.  On  the  first  great  seal  of 
ichard  I.  is  seen  an  orb  with  a cross  upon  a 

II  stem,  having  leaves  issuing  therefrom,  and 
i the  first  great  seal  of  Henry  III.  this  leaved 
sm  shows  in  its  most  ornamented  form, 
•om  this  time  until  the  reign  of  Henry  VII., 
e stems  of  the  crosses  surmounting  the  orb 
e more  or  less  elongated,  and  after  that  the 
em  finally  disappears.  There  are  two  orbs 
w in  the  Tower  ; the  older  and  larger  one  was 
ade  by  Sir  Robert  Vyner  for  Charles  1 1 . , Fig.  3 , 
d it  is  figured  in  Sir  Edward  Walker’s  account 
his  coronation.  It  is  a sphere  of  gold  six 

ches  in  diameter,  and  has  a fillet  round  the 
ntre  surmounted  by  an  arch,  each  edged 
th  pearls.  These  bands  are  ornamented  at 
tervalswith  clusters  of  jewels,  surrounded  by 
amends,  on  filagree  w^ork  in  gold,  orna- 
ented  with  white  and  red  enamels.  At  the 
p is  a fine  amethyst  cut  in  facets,  one  and  a 
If  inches  high,  in  shape  two  truncated  cones 
ned  at  their  bases.  On  this  stands  a 
autiful  cross  A^tee,  in  the  centre  of  which  on 
e side  is  an  emerald,  and  on  the  other  a 
pphire.  The  outlines  of  the  cross,  and  the 
aces  on  the  arms  themselves,  are  closely 
sd  with  rose-cut  diamonds  ; in  each  of  the 
ir  inner  corners  is  a large  pearl,  and  there  is 
.0  a large  pearl  at  the  end  of  each  of  the 
ee  upper  arms  of  the  cross,  the  foot  resting 
a collar  of  diamonds. 

fhe  smaller  orb  was  made  for  Queen 
iry  II.,  as  she  was,  as  w'ell  as  her  husband, 
independent  sovereign,  and  on  the  great 
il  of  William  and  Mary  they  are  shown  with 
‘ hand  each  on  the  same  orb,  conveying  the 
ae  idea  of  an  equal  authority.  This  orb  is 
quite  so  large  as  the  other,  and  the 
amentation  upon  it  is  simpler.  It  has  a fillet 
nd  the  centre,  with  an  arch  above  it,  out- 
I'd  with  large  pearls,  each  fillet  ornamented 
|h  cut  jewels,  emeralds,  sapphires,  and 
iies,  simply  set.  The  small  cross  at  the 
1 is  ornamented  with  coloured  jewels  and 
Tionds  all  simply  set  and  different  on  each 

k 

^ Sceptres. 

•n  some  of  the  coins  of  .^Ethelred  II.  he  is 
wn  bearing  a sceptre,  and  on  the  reverse  of 
great  seal  of  Edw’ard  the  Confessor  is  shown 
■heptre  with  a dove,  and  on  one  of  his  pennies 
with  a cross.  These  are  the  two  chief  forms 
iceptre  which  have  been  used  ever  since 
still  exist.  The  royal  sceptre  with  the 
s is  two  feet  nine  and  a quarter  inches  in 
' th,  and  the  upper  portion  of  it  is  wreathed 


or  twisted  (Fig.  4).  Most  of  it  was  made  by 
Sir  Robert  Vyner,  but  from 
the  drawing  of  it  w'hich 
appears  in  Stanford’s  account 
of  the  coronation  of  James 
II.,  the  part  immediately 
below  the  large  amethyst 
has  been  made  since.  This 
part  is  now  an  elaborate 
piece  of  workmanship,  con- 
sisting of  four  jewelled  arches 
resting  on  a jewelled  rim. 
Between  each  of  the  arches 
is  a jewelled  rose,  from  which 
spring  enamelled  scrolls, 
white  and  black.  On  this 
substructure  rests  a large 
amethyst  globe,  facetted,  and 
held  in  position  by  jewelled 
projections.  It  has  a jewelled 
fillet  and  arch  like  that  on 
the  orbs,  and  the  cross  Ja/ec 
at  the  top  is  very  thickly  set 
with  diamonds.  The  bands 
dividing  the  sceptre  into 
three  divisions  are  of  blue 
and  white  enamel  set  w'ith 
diamonds,  and  the  foot  is 
richly  ornamented  with  a 
filagree  pattern  in  open  work  of  gold,  enamelled 
in  white  and  colours,  and  richly  set  with 
coloured  jewels  and  diamonds. 

The  Queen’s  sceptre  with  the  cross  was 
made  for  Queen  Mary  of  Modena,  the  wife  of 
James  II.,  but  has  been  to  some  extent  altered. 
It  is  all  of  gold  and  ornamented  w ith  diamonds 
only.  The  cross  at  the  top  has  large  diamonds 
cut  to  the  shape  of  its  arms  and  centre,  and 
rests  upon  a globe  with  fillet  and  arch  like  the 
orb.  Below  this  is  a double  Jleur-de-lys  with 
three  leaves  bending  upwards  and  three 
bending  dowmwards,  each  thickly  encrusted 
W'ith  diamonds,  some  of  them  of  large  size.  It 
is  tw'O  feet  ten  inches  in  length. 

The  sceptre  with  the  dove  is  a rod  of  gold 
three  feet  seven  inches  in  length.  At  the  top 
is  a dove  enamelled  in  white,  with  outspread 
wings,  standing  upon  a cross.  This  rests  upon 
a sphere  with  fillet  and  arch  like  that  on  the 
orb,  thickly  set  with  diamonds.  The  rest  of 
the  sceptre  has,  at  inter\’als,  richly  jewelled 
collars  with  open  work  in  gold,  ornamented 
with  white  and  coloured  enamels.  The  Queen’s 
sceptre  with  the  dove  is  a little  smaller  than 
the  King’s,  and  it  is  richer  in  colour.  Ihe 
fillet  and  arch  on  the  sphere  at  the  top  are  set 
with  coloured  gems  and  diamonds,  with  leaves 


Fig.  4. 


Head  of  the 
Royal  Sceptre 
WITH  THE  Cross. 
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of  enamel,  and  the  divisions  between  the  parts 
of  the  sceptre  are  enamelled  in  dark  blue  and 
white  enamels  set  with  diamonds,  and  near  to 
the  foot  is  a graceful  spray  in  open  work  of 
gold,  ornamented  in  dark  blue  and  white 
enamels,  and  richly  set  with  coloured  jewels. 

Crowns. 

St.  Edward’s  crown  was  made  by  Sir  Robert 
Vyner  in  1662,  and  is  of  great  size  (Fig.  5).  The 
rim  is  edged  with  rows  of  large  pearls,  and  on  it 
are  clusters  of  coloured  jewels  surrounded  by 
diamonds  and  set  on  enamels  of  white  and  red, 
resembling  very  much  those  upon  the  larger 
rob.  From  this  rim  rise  alternately  four 
crosses  Jatees  and  four  Jleurs-de-lys,  orna- 
mented with  coloured  gems  and  diamonds,  set 
in  white  and  red  enamel  filagree  work. 
From  each  of  the  crosses  Aatees  rises  an  arch 
of  gold,  edged  with  large  pearls,  ornamented 
with  gem  clusters  on  enamel,  and  dipping 
deeply  towards  the  centre.  In  the  centre 
is  a sphere  of  gold  with  fillet  and  arch  like  the 
X)rbs,  jewelled  with  coloured  stones,  diamonds, 


and  pearls.  Above  this  a cross  latee 
widely  set  with  diamonds  and  coloured  jewels 
with  a large  spherical  pearl  at  the  top,  and  two 
large  drop-shaped  pearls  at  the  end  of  each 
side  arm,  depending  from  small  gold  brackets. 
This  is  the  official  crowm  of  England,  and  with 
it  is  the  cap  of  crimson  velvet,  turned  up  with 
miniver,  with  which  it  is  worn. 

Queen  Victoria’s  imperial  state  crown.  Fig.  6, 
contains  some  of  the  historic  jewels  of  England. 
It  was  made  by  Rundell  and  Bridge,  in  1838, 
upon  which  occasion  several  new  gems  were 
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added  to  the  old  ones.  It  weighs  soraethi! 
over  39  ounces,  and  the  setting  is  of  silv* 
The  rim  is  open  work,  and  in  the  front  h, 
the  large  sapphire  which  was  bequeathed  |. 
George  III.  by  Cardinal  York.*  Sapphires  aj 


Fig.  6.— Queen  Victoria’s  Crown  on  its 
Travelling  Stand. 


* In  the  Jou7‘nal  of  the  Society  of  Arts  for  Oct.  15,  i;, 
there  is  a figure  and  description  of  “The  English  Se 
Crown,”  by  Professor  Tennant,  F.G.S.  He  says  that  1 
front  of  the  crown  is  a large  sapphire  (partly  dril  ) 
purchased  for  the  crown  by  his  Majesty  King  Gee  3 
the  Fourth.”  As  this  statement  docs  not  coincide  m 
what  I have  said  about  this  particular  gem,  I I13 
been  asked  for  further  authority  on  the  point.  In  ,3 
back  of  the  setting  of  the  State  crown  of  Charles  . 
(now  belonging  to  Lord  Amherst  of  Hackney)  is  a pl3 
fitting  the  large  sapphire,  and  it  doubtless  occupied  this  pi. , 
and  is  referred  to  by  Miss  Ellis  Cornelia  Knight,  lady  c r 
panion  to  the  Princess  Charlotte  of  Wales,  who  in  r 
“Autobiography,”  speaking  of  the  Prince  Regent  (in  i ) 
says  (p.  227)  that  on  one  occasion  “ He  was  in  good  hum. , 
and  had  given  to  the  Princess  Charlotte  [his  daughter]  ,3 
centre  sapphire  of  Charles’s  crown,  which  he  had  rece:  1 
[for  his  father]  with  the  papers  of  the  Stuart  family  f 1 
Rome.” 

Also  in  the  “ Greville  Memoirs,”  vol.  i,  p.  46,  tfe 
is  a further  mention  of  this  jewel,  i.e.  : — “ June  2,, 
1821. — The  King  [George  IV.]  dined  at  Devons^ 
House  last  se’nnight.  Lady  Conyngham  had  on  r 
head  a sapphire  which  belonged  to  the  Stuarts,  1 
was  given  by  Cardinal  York  to  the  King  [George  Ilj. 
He  gave  it  to  the  Princess  Charlotte  [as  mentioned  j/ 
Miss  Knight],  and  when  she  died  he  desired  to  bavT 
back,  Leopold  being  informed  it  was  a Crown  jewel.  "|S 
Crown  jewel  sparkled  in  the  headdress  of  the  Marchioi.s 
[Conyngham]  at  the  ball.” 

It  further  appears  that  certain  remonstrances  about  i3 
stone  were  addressed  to  George  IV.,  resulting  in  its  reH 
by  Lady  Conyngham. 

There  seems  to  me  little  doubt  that  this  sapphire  isle 
Stuart  jewel  mentioned  in  both  these  extracts,  and  i|t 
Professor  Tennant,  in  stating  that  it  was  purchased  for|e 
Crown  by  George  IV.,  made  a slight  error  as  to  the 
of  its  acquisition. — [C.D.]  I 
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emeralds  alternately,  in  richly  designed  dia- 
mond settings,  fill  the  remainder  of  the  rim. 
Above  the  rim  are  eight  sapphires,  on  which 
hang  festoons  of  diamonds.  These  festoons 
support  alternately  crosses  ;patees  and  orna- 
mental Jleur-de-lys,  closely  set  with  diamonds, 
1 coloured  stone  being  in  the  centre  of  each, 
rhe  cross  ;patee  in  the  front  of  the  crown  has 
n its  centre  the  great  spinel  ruby  which 
Delonged  to  the  Black  Prince  in  1367,  and  was 
vorn  by  Henry  V.  at  Agincourt,  in  1415.  This 
‘uby  is  pierced,  and  has  a small  ruby  set  in 
^■old  at  the  top  of  the  piercing.  From  each  of 
he  crosses  latees  rises  an  ornamental  arch  of 
)ak  leaves  and  acorns,  the  acorns  themselves 
Deing  formed  of  oval  pearls,  the  leaves  and 
icorn  cups  being  thickly  set  with  diamonds. 
\t  each  of  the  four  corners  of  the  intersection 
Df  the  two  arches  hangs  a large  oval  pearl. 
\t  the  top  is  a sphere  of  open  work,  thickly  set 
vith  small  diamonds,  with  fillet  and  arch  of 
arge  diamonds  and  above  it  a cross  ^atee  of 
)pen  work,  thickly  set  with  small  diamonds, 
i large  diamond  being  in  the  centre  of  each 
irm.  In  the  centre  of  this  cross  ;patee  is  a 
nagnificent  sapphire,  said  to  have  been  worn 
.1  a ring  by  Edward  the  Confessor,  and  buried 
•ith  him  at  Westminster. 

This  crown,  besides  the  large  ruby  and 
apphire,  has  4 rubies,  ii  emeralds,  16  sap- 
hires,  277  pearls,  and  2,783  diamonds. 

The  large  ruby  is  said  to  be  worth 
j'100,000.  A little  box  is  provided  for  this 
rown  whenever  it  takes  a journey,  the  inside 
eing  lined  with  white  velvet,  with  a sliding 
rawer  and  a boss  on  which  the  crown  fits 
> prevent  it  from  slipping.  With  this  crown 
worn  a crimson  velvet  cap  turned  up  with 
liniver,  which  is  kept  with  it. 

Besides  the  pieces  of  the  regalia  mentioned 
jove,  there  are  at  the  Tower  the  crown  of 
ueen  Mary  of  Modena,  the  circlet  of  the 
ime  queen,  and  the  coronet  of  the  Prince  of 
’’ales. 

Among  the  minor  treasures  kept  at  the 
me  place  are  also  the  golden  bracelets, 
:hly  enamelled  with  the  emblems  of  the 
ree  kingdoms,  the  golden  spurs,  the  swords 
State,  mercy  and  justice,  and  the  ivory 
d of  Queen  Mary  of  Modena.  Also  the 
iginal  setting  of  the  Koh-i-noor,  with  a 
3del  of  the  stone  itself  as  it  was  cut  when 
first  came  to  England,  is  now  kept  there 
special  permission. 

With  regard  to  the  art  of  the  goldsmith, 
ameller,  and  gem-setter,  as  seen  on  the 
^alia,  we  must  all  regret  most  deeply  the 


great  loss  occasioned  on  the  destruction  of 
the  ancient  pieces  under  the  Commonwealth. 
There  are  many  lists,  some  in  Rymer’s 
“ Foedera,”  givingdetail  accounts  of  beautiful 
pieces  of  goldsmith’s  work— all  gone  ; and 
even  in  the  lists  of  pieces  actually  destroyed, 
mention  is  made  of  King  Alfred’s  crowm  of 
gold  wire  work,  set  with  slight  stones,  and 
valued  then  at  ^248  los.,  doubtless  of  fine 
workmanship,  and  Queen  PMith’s  crown, 
enriched  with  gems. 

There  is,  however,  one  point  to  which  I would 
draw  attention,  and  it  is  that  many  of  the 
existing  jewels  are  set  with  enamels  on  gold 
open  work,  a style  of  much  antiquity  and 
beauty,  and  although  when  compared  with  the 
finest  specimens  of  such  work  they  lose  some- 
what, it  must  not  be  forgotten  that  they  cover 
large  spaces.  Work  of  this  kind  is  well  seen 
on  the  handles  of  some  of  the  sceptres,  one  of 
which  I showed  on  the  screen.  These  enamelled 
and  jewelled  scrolls  are  most  likely  Sir  Robert 
Vyner’s  work,  but  have  undoubtedly  been 
repaired  since  his  time.  Both  on  the  rim  of 
St.  Edward’s  crown  and  on  the  larger  orb  the 
jewel  clusters  are  set  on  enamel  sprays.  The 
champleve  enamels  on  the  bracelets  are  alsc 
good  work,  but  they  are  not  now  quite  as  they 
left  Sir  Robert  Vyner’s  hands.  They  have  been 
subsequently  imitated  on  the  bosses  on  Queen 
Mary  of  Modena’s  ivory  rod.  Queen  Victoria’s 
imperial  crown  is  so  closely  set  with  diamonds, 
generally  rose  cut,  that  it  appears  in  fact  a 
mass  of  brilliant  colours.  Such  setting  as 
there  is  shows  very  slightly,  and  is  of  silver, 
the  pearls  being  held  with  gold  wire.  The 
rim,  however,  has  a characteristic  of  some 
artistic  value,  the  jewel  clusters  not  being 
set  in  a solid  metal  ground,  but  arranged  in 
open  work,  so  that  the  crimson  of  the  velvet 
cap  shows  through  and  accentuates  the 
design. 

Considered  from  the  point  of  view  of  the 
diamond  cutter,  it  may  be  granted  that  this 
crown  is  the  perfection  of  design  ; but  from  the 
art  jewellers’  standpoint  it  is,  of  course,  a 
question  whether  such  undivided  honour  should 
be  paid  to  facetted  diamonds  at  all ; and  there 
is  little  doubt  that,  as  the  art  of  the  diamond 
cutter  has  progressed — in  fact,  has  almost 
reached  perfection — so  the  art  of  the  setter  has 
declined  and  faded  away  to — not  quite  a 
shadow — but  certainly  a ver}'  small  substance 
indeed. 

There  are  ancient  and  magnificent  crowns 
in  Hungary,  German)^,  and  Russia,  set 
largely  with  fine  enamels  and  jewels  cut 
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671  cabochoTt  ; but  each  of  these  crowns  is 
made  on  a diiferent  design,  one  which  has 
been  invented  for  it.  Our  English  design  of 
cross  and  Jleur-de-lys  alternately  rising 

from  a rim  alone  is  a survival  and  development 
of  an  older  form. 


Note. — Mr.  Davenport  showed  coloured  slides 
of  all  the  pieces  of  the  regalia  mentioned  above, 
as  well  as  several  of  the  great  seals,  and  peers  in 
their  coronation  robes,  showing  how  the  various 
objects  were  carried  in  the  coronation  procession 
of  George  IV. 


DISCUSSION. 

The  Chairman  said  they  had  to  congratulate 
themselves  on  the  paper  they  had  heard  read  that 
evening,  and  on  behalf  of  all  present  he  begged  to 
most  cordially  thank  Mr.  Cyril  Davenport  for  it. 
It  was  a great  privilege,  which  everyone  in  the 
room,  he  was  sure,  had  gratefully  appreciated,  to 
listen  to  Mr.  Cyril  Davenport  while  he  so  clearly 
and  pleasantly,  and,  by  the  aid  of  his  beautiful 
photographs,  so  vividly  brought  the  various  ob- 
jects of  theifV  regalia  in  succession  before  them. 
He  doubted  if  any  one  in  that  room  had  ever 
before  so  distinctly  seen,  and  so  fully  understood, 
these  ensigns  and  emblems  of  their  world-wide, 
imperial  monarchy ; for,  owing  to  the  misty  history 
of  many  of  them  and  the  obscurity  in  which  they 
were  kept,  and  the  intricacy  of  their  obscurity,  some 
being  “ on  \iew  ” (on  the  lucus  a non  lucendo 
principle)  in  the  Tower,  and  some  locked  up  in 
St.  James’s  Palace,  and  one  lying  in  lumber  in 
Westminster  Abbey,  owing  to  all  this  confusion, 
there  is  great  popular  ignorance  of  these  actual 
objects, — the  vestments  and  the  ring,  the  coronation 
stone,  the  balm,  the  crown,  the  sceptre,  and  the  ball — 
notwithstanding  the  deep  popular  interest  in  them 
as  national  heirlooms,  if  not  as  sacred  symbols,  dating 
from  the  profoundest  antiquity,  of  “ such  divinity  as 
doth  hedge  a king.”  He  would  particularly  draw 
attention  to  the  delicacy  and  vividness  of  Mr.  Cyril 
Davenport’s  coloured  lantern  slides.  His  colouring 
of  the  vestments,  for  its  accuracy  and  artistic 
quality,  was  a marvel  of  illustrative  skill,  and  did 
Mr.  Cyi'il  Davenport  the  highest  credit.  He  had 
no  criticisms  to  offer  on  the  paper,  but  for  the 
sake  of  promoting  a discussion  on  it  he  suggested  that 
they  might  consider  its  subject  under  three  heads, 
the  art  of  the  British  Regalia,  the  history  of  the 
British  Regalia,  and  the  history  of  regalia  generally. 
On  the  first  head  he  would  ask  Mr.  Stannus  to  speak, 
and  himself  would  only  draw  attention  to  two  facts  ; 
(i)  that  the  most  artistic  objects  shown  them  belonged 
to  the  Scotch  regalia,  and  were  of  Italian  design 
and  workmanship,  another  illustration  of  the  obliga- 


tion of  English  art  to  foreign  influences,  and  of  the| 
ignorant  an'ogance  of  the  popular  outcry  of  our 
against  foreign  competition  in  trade  and  commerce 
aad  (2)  that  the  older  English  regalia  are  the  bette 
they  are,  and  the  later  in  date  the  worse  they  are  ii| 
art,  until  you  come  to  the  worst  of  them  all,  thi| 
Imperial  Crown  of  the  reigning  sovereign.  There  wa 
no  “ style  ” in  its  form  ; and  there  were  two  errors  ii 
its  execution,  one  of  which  was  fatal.  The  stronges 
part  of  a crown  should  be  the  circlet,  its  essentia 
part.  But  in  the  present  Imperial  Crown  this  was  tbi 
weakest  part  of  it,  owing  to  the  ignorant,  inartisti 
manner  in  which  the  ornamentation  of  the  circle 
with  gems  and  precious  stones  had  been  executed: 
The  other  error  was  the  excessive  size  of  thd 
characterless  cross  above  the  orb  on  top  of  th( 
crown.  The  “Imperial  Crown”  on  some  o' 
Henry  VIII.  coins  (“Rose  Crowns”),  and  0; 
“florins”  of  the  present  reign,  is  perfect  in  design 
With  reference  to  the  second  head,  he  wouli 
only  remark  that,  excepting  the  crowm,  all  th 
British  regalia  seemed  to  be  of  Oriental  origin 
This  was  obvious  in  the  case  of  the  vestments 
and  in  regard  to  the“Colobium  Sindonis,”  he  wouL 
remind  them  that  the  ancient  fabric  Sindon,  th 
(TivZuv  of  the  Greeks,  and  sadin  of  the  Old  Testa] 
ment  (Judges  xiv.  12  and  13,  Proverbs  xxxi.  24,  an 
Isaiah  iii.  23)  was  simply  Sindian,  i.e.,  Indian  muslit 
The  spoon,  in  its  form,  might  be  traced  through  Itah 
and  the  drinking  spoons  of  Persia,  back  to 
sacrificial  and  anointing  spoons  of  the  liturgy^ 
the  Hindus  of  India.  It  was,  in  actuality,  prob 
the  oldest  of  the  English  regalia.  In  idea,  howe 
the  “ ampulla,”  or  chrismatory,  referred  back  to 
profounder,  and  indeed  to  an  abysmal  antiquit; 
when  divinity  was  identified  with  virility,  and  evei 
sjunbol  of  divinity  was  of  phallic  significance.  Bi 
this  belongs  to  the  next  head,  and  here  he  woifld  on 
say  that  he  did  not  think  the  form  of  the  Englij 
coronation  amy>ulla  was  intended  to  represent  a* 
eagle.  The  original  symbol  of  the  Holy  Spirit  w 
the  dove ; the  dove  associated  with  Astarte,  ar 
Aphrodite,  and  with  the  Virgin  Mary, — 

“ the  Dove  so  white  so  chast 
On  the  Blest  Virgin’s  head,  so  chaste,  so  white, — ” 

and  the  tradition  that  the  British  “ampulla”  was  origi; 
ally  the  gift  of  the  Virgin  Mary  looked  like  a confirm 
tionof  this  view.  The  “eagle”  of  the  “ampulla”  w 
possibly  modelled  by  a cockney  goldsmith — who  ha, 
never  seen  either  an  eagle  or  a dove — from  a pluckel 
turkey, — the  “ Turkey-cock  ” having  been  introduce' 
into  this  country  from  America  so  early  as  1530.  T1 
doves  on  our  regal  sceptres  are  meant  for  doves 
their  actual  modelling,  but  probably  simply  in  tl, 
modeller’s  ignorance,  for  the  symbol  surmounting  ti, 
sceptre  of  imperial  sway  was  in  ancient  times  tl 
eagle.  He  had  said  enough,  considering  the  latenej 
of  the  hour,  on  the  third  head  under  t.: 
second.  He  would  only  add  that  all  the  mo| 
mysterious  “ attributes  ” of  royal  and  imperial, 
regarded  as  actual,  or  delegated,  divine, — powd 
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ere,  in  origin,  symbols  of  virility,  from  the  simple 
jal,  to  the  zenanas  and  harems  (seraglios)  of 
)riental  potentates.  The  seal  has  more  than  one 
rigin,  but  the  ancient  pebble,  or  pebble-like  seal, 
f which  our  modem  Western  seals  are  a sur- 
ival,  was  originally  simply  a symbol  of  adoles- 
ence,  as  it  still  is  among  some  tribes  of  savages, 
•ho  mark  the  formal  admission  of  a youth  into  the 
ill  membership  of  his  tribe  by  presenting  him  with 
stone  engraved  with  the  totem  of  the  tribe, 
'he  same  ritual  was  observed  in  the  Mithraic  and 
le  early  Christian  mysteries,  and  is  referred  to  in 
le  Revelation  of  St.  John  the  Divine,  ii.  17:  “To 
im  that  overcometh  will  I give  ....  a white  stone, 
ad  in  the  stone  a new  name  written,  which  no  man 
noweth,  saring  he  that  receiveth  it.”  The  other 
ifts  are,  “ The  Tree  of  Life,  which  is  in  the  midst  of 
le  Paradise  of  God,”  and  the  immortality  of  perpetual 
mship,  and  “power  over  the  nations,” — quite  a 
lindu  formula,  and  clearly  indicating  the  seal  as  the 
,’mbol  of  fully  instituted  manliood  and  dignity,  and 
ower  and  sovereignty. 

Mr.  Hugh  Stannus  said  that  when  looking  at  the 
2iy’  interesting  photographs  which  had  been  shown, 
le’s  first  thought  was  how  very  tawdry  it  all  was, 
id  what  a pity  it  was  that  people  could  not  show 
leir  distinction  intellectually  rather  than  by  wearing 
owns  or  coronets  to  indicate  their  eminence.  But, 
'course,  it  was  all  part  of  the  system  of  symbolism, 
here  was  a story  which  illustrated  the  belief  of  the 
ilgar  that  peers  habitually  wore  their  coronets,  even 
they  did  not  sleep  in  them,  in  an  American  book. 
1 one  of  the  Western  States  an  old  miner  had  a 
ine  which  he  was  hoping  to  sell  to  an  English  lord, 
id  in  expectation  of  a visit  from  the  purchaser,  he 
ily  “ salted  ” it ; but  when  his  visitor  amved,  being 
mply  a well-dressed,  gentlemanly-looking  old  party, 
i was  very  rude  to  him,  not  thinking  it  possible  he 
mid  be  the  peer  he  was  expecting  as  he  had  no 
own  on.  When  we  hear  of  the  various  crowns 
hich  formerly  existed,  but  had  now  disappeared,  it 
lought  home  to  him  a point  which  he  thought  of 
•eat  importance,  viz.,  the  convertibility  of  gold.  If 
ese  crowns  had  not  been  made  of  a precious  metal 
hich  was  readily  convertible,  they  might  have  re- 
amed to  the  present  day  and  would  have  been 
inestimable  value  as  specimens  of  the  art  of 
e time.  But  articles  of  gold  were  too  precious 
be  preserved  in  times  of  upheaval,  and  were  melted 
nni  and  disposed  of.  He  had  intended  to  make  some 
mark  on  the  superiority  of  the  Scotch  regalia  to  the 
nglish,  but  had  been  anticipated  by  the  Chairman, 
e would  only  say,  with  regard  to  the  objects  made 
r James  V.  of  Scotland,  whose  daughter  was 
arried  to  the  Dauphin  of  France,  that  it  was  a 
markable  feature  that  in  both  the  sceptre  and  sword 
e dolphin  "was  used  as  the  chief  motive  of  the 
jcoration.  He  "would  like  to  know  if,  in  Mr. 
avenport’s  opinion,  that  was  symbolical,  or  \vas  it 
itnply  used  by  the  artist  as  he  might  have  used  a 


pomegranate  or  a ram’s  head,  or  any  other  detail, 
when  he  was  hard  up  for  an  idea.  We  would  be 
inclined  to  think  that  in  this  case  the  dolphin  -was 
used  symbolically.  With  regard  to  the  Chairman’s 
destructive  criticism  of  the  Queen’s  crown,  he  entirely 
agreed  that  the  crowm  ought  to  be  solid,  the  crest- 
ing being  cut  out  of  the  same  piece  of  gold  as  the 
circlet.  He  hoped  it  w’ould  be  a long  time  before  a 
new  crown  was  required  ; but  -when  the  day  did  come, 
he  tiaisted  the  artists  would  have  some  part  in  the 
designing  of  it,  so  that  its  value  might  include  some 
element  of  art  and  not  depend  entirely  on  the  rich- 
ness of  the  material.  Even  the  stones  and  the  crimson 
velvet  were  as  raw  in  colour  as  possible,  and  unless 
blue  and  orange  had  been  used,  he  could  hardly 
conceive  anything  more  crude.  We  could  surely 
enamel  now  as  well  as  ever,  and  he  hoped  there 
would  be  a little  more  scope  for  the  art  of  the 
enameller  as  well  as  of  the  jewel-setter.  He  noticed 
that  one  of  the  crowns  had  been  described  as  the 
“Imperial”  Crown,  but  he  had  always  understood  that 
the  Imperial  Crown  should  have  four  intersecting 
arches  making  eight  arms.  In  fact,  the  whole 
arrangement  of  crowns  and  coronets  had  been  re- 
duced to  a system : thus,  a baron’s  coronet  has  six 
pearls,  a viscount’s  twelve,  an  earl’s  pearls  and  straw’- 
berry  leaves,  a marquis’s  strawberry  leaves  and  low 
pearls,  a duke’s  strawberry  leaves  only.  Strawberry 
leaves  and  the  cross  patee  belong  to  princes  of  the 
blood,  while  the  Prince  of  Wales  has  the  jleur  de  lys 
with  the  cross  patee  and  one  arch,  and  the  Roya 
crown  has  two  arches.  If  ever  the  monarchs  of  these 
realms  should  take  upon  themselves  to  be  called 
Emperors,  not  only  of  India,  but  of  Great  Britain 
and  Ireland,  the  crown  should  have  four  arches,  "which, 
he  ventured  to  think,  from  an  artistic  point  of  view, 
would  be  a great  improvement.  In  some  of  the 
crowns  shown  the  arches  were  of  a true  arched  shape  ; 
but  in  others  the  arch  was  considerably  dipped  in  the 
centre.  There  was,  perhaps,  a certain  advantage  in 
the  dip,  in  order  to  accommodate  the  orb,  or  mound, 
which,  with  the  cross  patee,  would  otherwise  make 
the  crown  very  tall ; but  looking  at  the  old  Persian 
crowns,  which  were  three  or  four  feet  high,  he  would 
plead  for  retaining  the  true  shape  of  the  structural 
arch.  The  crown  as  used  in  official  documents  at 
South  Kensington  has  the  perfect  arch,  and  it  is 
much  more  pleasing  in  shape  than  the  crown  made 
for  George  IV.  It  also  appears  on  the  florins. 
With  regard  to  the  ridge  in  the  spoon,  he  was  in- 
clined to  think  it  was  introduced  for  the  sake  of 
giving  strength  to  the  bowl  rather  than  to  accommo- 
date the  two  fingers  of  the  consecrating  archbishop, 
because,  in  the  act  of  blessing,  the  two  fingers  and 
thumb  were  used  as  emblematical  of  a trinity. 
With  regard  to  the  ampulla,  or  golden  eagle,  he 
ventured  to  doubt  whether  the  body  was  really  old, 
because  there  seemed  a little  too  much  anatomy  in  it. 
Independently  of  the  mere  surface  chasing  of  the  body 
with  the  feathers,  the  legs  were  articulated  in  an 
anatomical  manner,  whereas  in  old  representations  of 
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a dove,  they  were  made  of  a straight  conical  shape, 
and  they  were  just  soldered  on  to  the  lower  part  of 
the  abdomen.  They  were  much  indebted  to  Mr. 
Davenport  for  the  admirable  manner  in  which  he  had 
illustrated  his  subject.  Most  people  had  seen  the 
actual  regalia,  but  only  in  the  midst  of  a crowd,  and 
in  a very  dark  room,  where  the  details  could  only  be 
seen  very  imperfectly,  and  he  could  only  hope  that 
Mr.  Davenport’s  book,  with  its  superb  illustrations, 
would  be  available  at  many  of  the  public  libraries. 

Mr.  H.  B.  Wheatley  said  he  agreed  with  the 
Chairman  and  Mr.  Stannus  that  it  was  very  difficult  to 
see  the  different  objects  of  the  Regalia  properly  at 
the  Tower,  and  he  was  glad  to  add  his  testimony  to 
the  beauty  of  these  coloured  slides.  He  thought 
perhaps  the  most  interesting  object  was  the  ampulla, 
•and  that  probably  it  was  in  part,  at  any  rate,  one  of 
-the  oldest.  Not  only  so,  but  holding  the  holy  oil 
which  was  used  at  the  coronation,  it  was  supposed  to 
-■confer  on  the  kings  of  England  and  France  the  power 
■of  curing  the  king’s  evil  by  touch.  In  France  it  was 
-called  the  holy  ampulla  (la  Sainte  Ampulle),  and 
curiously  enough,  a celebrated  historian  being  con- 
fused by  this  title  supposed  that  La  Sainte  Ampulle 
was  a female  saint.  They  had  heard  a great  deal  of 
Sir  Robert  Vyner,  the  king’s  goldsmith  ; this  was  the 
Lord  Mayor,  of  whom  it  was  narrated  that  on  one 
occasion  at  a City  banquet,  as  Charles  II.  was  going 
away,  he  laid  hold  of  the  king,  saying,  “ Come  and 
have  another  glass  before  you  go.”  He  had  been 
looking  into  Pepys’s  Diary  to  see  if  he  made  any  re- 
ference to  the  regalia,  and  he  found  that  on  April  23, 
l668,  he  took  some  ladies  to  the  Tower  and  showed 
them  all  there  was  to  be  seen,  and  amongst  other 
things  the  crown  and  rich  plate,  which  he  described 
:as  “ Noble,  and  I mightily  pleased  with  it.”  Mr. 
Davenport  told  them  that  the  crown  which  Thomas 
Blood  stole  on  9th  May,  1671,  was  the  one  he 
had  shown  on  the  screen  now  belonging  to  Lord 
Amherst  of  Hackney  ; he  had  been  under  the  impres- 
-sion  that  it  was  the  St.  Edward’s  crown  which  was 
made  for  Charles  II.  to  replace  one  supposed  to  have 
belonged  to  Edward  the  Confessor.  It  was  said  that 
this  monarch  was  the  first  who  had  the  power  of 
'icvuffng  the  king’s  evil,  but  he  did  not  know  that 
there  was  any  record  of  his  having  exercised  it,  and 
it  was  not  until  some  time  after  the  Conquest  that 
any  English  kings  touched  for  the  evil.  He  should 
like,  in  conclusion,  to  put  in  a plea  on  behalf  of 
English  art.  No  doubt  the  condemnation  was  quite 
justified  with  respect  to  later  art,  but  the  more  it  was 
looked  into  the  more  it  would  be  found  that  in  the 
middle  ages  England  was  at  the  head  of  the  art 
world ; this  was  so  in  bookbinding,  in  enamels,  in 
illuminated  MSS.,  and  in  many  other  branches  of 
art. 

Mr.  Barclay  suggested  that  it  would  be  interest- 
ing if  Mr.  Davenport  could  give  the  exact  size  of  the 
various  crowns,  as  he  had  done  with  respect  to  some 
of  the  objects. 


Mr.  Davenport,  in  reply,  said  he  was  very  gl| 
to  find  that  Sir  George  Bird  wood  was  of  opinion  tl 
part,  at  any  rate,  of  the  spoon  was  old,  and  that  I, 
name  could  be  added  to  those  of  the  other  authorit 
who  held  that  view.  As  to  the  eagle  being 
corrupted  dove,  it  was  rather  too  long  a question 
go  into,  but  he  did  not  think  it  was  a dove  ; for  ol 
reason,  which  Mr.  Stannus  had  pointed  out,  that  t, 
legs  were  not  those  of  a dove,  the  thighs  being  vt 
large  and  strong.  It  was  no  doubt  true  that  nu 
of  our  art  we  owed  to  the  East.  He  did  not  thi 
the  Queen  had  ever  worn  her  crown  since  the  coror 
tion,  and  it  was  a curious  thing  that  peers  did  n' 
seem  to  know  anything  about  their  coronets  and  otl 
insignia  of  rank.  While  preparing  his  book 
happened  to  be  staying  for  a short  time  with  b 
peers,  one  a viscount  and  the  other  an  earl,  and 
asked  to  see  their  robes.  Neither  of  them  had  t 
least  idea  how  many  pips  he  had  on  his  coronet,  r 
that  the  little  black  spots  on  his  mantle  indicat 
their  rank,  but  they  told  him  that  the  older  th 
robes  were  the  better  they  liked  them.  He  had 
special  information  enabling  him  to  answer  the  qu( 
tion  as  to  the  dolphins  being  symbolical,  but  shoi 
think  it  highly  probable.  Enamels  could  be  made 
well  now  as  ever,  but  you  would  have  to  find  t 
man  to  do  it.  Success  in  obtaining  a translucej 
enamel  depended  enormously  on  the  purity  of  t 
gold  on  which  it  was  applied.  Nowadays  peoi^ 
often  tried  to  make  trauslucent  enamels  on  infer) 
metals,  but  the  result  was  never  satisfactory.  T 
Imperial  crown,  so-caUed,  was  merely  a name, 
hawng  been  made  long  before  the  Queen  was  pi, 
claimed  Empress  of  India.  He  still  thought  t 
ridge  in  the  spoon  was  introduced  to  fit  the  t' 
fingers,  the  bowl  being  so  small  that  it  did  not  requ 
anything  to  strengthen  it.  The  large  sapphire  \\ 
undoubtedly  a Scotch  one,  but  originally,  no  doul 
it  was  Oriental,  being  pierced. 

The  Chairman  then  proposed  a cordial  vote 
thanks  to  Mr.  Davenport,  which  was  cam 
unanimously. 


TWELFTH  ORDINA  R Y MEETIH 
Wednesday,  March  2,  1898;  Prof. 

Grylls  Adams,  F.R.S.,  in  the  chair. 

The  following  candidates  were  proposed  1 
election  as  members  of  the  Society : — 

Clarke,  Philip  Hamilton,  223,  The  Grove,  Hamm- 
smith,  W. 

Davenport,  Cyril  James,  The  British  Museum,  W.( 
Pitt,  Walter,  Grove-lodge,  Lansdown,  Bath. 

Read,  Harry  V.  Rudston,  Hyde-park-court,  S.W . , 
Whinfield,  Edward  Henry,  M.A.,  St.  Margareti 
Beulah-hiU,  Norwood,  S.E.  ^ 

The  following  candidates  were  balloted  t 
and  duly  elected  Members  of  the  Society  ^ 
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.tkinson,  Alexander,  Camp,  via  Jammu,  Kashmir 
India. 

umeU,  Arthur  Edward,  123,  Harbut-road,  New 
Wandsworth,  S.W. 

The  paper  read  was — 

KITES:  THEIR  THEORY  AND 
PRACTICE. 

By  Captain  B.  F.  S.  Baden-Powell, 

Scots  Guards. 

The  Kite,  one  of  the  oldest  of  inventions, 
imiliar  to  everyone  and  to  every  nation  under 
le  sun,  is  nevertheless  but  little  understood, 
t has  always  been  the  custom  to  look  upon 
lis  contrivance  as  a toy  and  nothing  else, 
'ery  seldom  indeed,  until  the  last  few  years, 
as  it  been  put  to  any  practical  use.  Yet  it 
i full  of  promise,  and  those  few  who  have 
lade  regular  and  careful  experiments  in  this 
ne  have  all  been  impressed  with  the  satis- 
ictory  results  obtained.  A kite  sailing  in 
wind  gives  a very  considerable  pull  on  its 
ne,  which  pull  can  be  converted  into  lifting 
ower  or  tractive  power.  This  appliance  may 
len  be  used  for  lifting  great  weights,  such 
3 that  of  a man,  high  into  the  air,  or  it  may 
e used  for  towing  carts  or  boats.  Kites  can 
i made  to  ascend  to  very  great  heights, 
irrying  up  automatically  registering  meteoro- 
gical  instruments,  or  may  carry  a string  to 
)mmunicate  with  places  a long  distance  off. 
’hy  then,  it  may  be  asked,  are  they  not  more 
ten  made  use  of  ? I believe  the  sole  reason 
that  so  few  men  have  devoted  any  time  to 
udying  the  theory  of  their  actions,  and  that 
len  the  well-known  rule-of-thumb  patterns 
e departed  from,  innumerable  difficulties 
lop  up,  and  the  apparatus,  for  some  inex- 
cable reasons,  becomes  frequently  unsatis- 
l:tor}^,  so  that  a cursory  investigation  of  the 
bject  only  opens  up  a vista  of  obstacles 
parently  almost  impossible  to  surmount. 

But  with  a little  practice  and  study  the  way 
icomes  somewhat  clearer,  and,  as  we  grope 
png,  fresh  discoveries  are  made  which  raise 
hopes  and  show  what  great  results  we  may 
jssibly  attain. 

I.— Practical  Experiences. 
daving  devoted  a considerable  time  to 
• earches  in  this  line,  and  with  a view  of 
■■'  owing  some  light  on  the  intricacies  and 
‘iSculties  to  be  met  with  in  kite-flying,  I will 
1 efly  relate  my  own  personal  experiences 
i this  subject.  To  begin  with,  I had  one 
c nite  object  in  view.  For  some  time  I had 
bln  interested  in  and  had  practically  worked 


with  captive  balloons  for  military  purposes, 
and  finding  the  behaviour  of  them  so  erratic 
in  strong  winds,  to  say  nothing  of  the  diffi- 
culties of  construction  and  inflation  with  gas, 
and  of  the  cumbrousness  of  the  necessary^ 
apparatus,  I was  looking  about  for  some 
other  means  by  which  a man  might  be  lifted 
to  a height  above  the  ground.  Kites  naturally 
soon  suggested  themselves,  and  on  investiga- 
tion I found  that  trials  had  actually  been  made 
on  several  occasions  to  lift  a man  by  this 
means,  but  that  the  trials  had  invariably 
proved  failures. 

In  1887,  1 made  several  trials  with  small 
cambric  kites.  The  largest  of  them  was  lo  ft. 
high,  and  had  tw^o  cross-pieces  about  4 ft. 
wide.  This  only  lifted  a weight  of  2 lb,  which 
was  attached  to  the  tail.  Many  varieties  of 
kites  were  tried.  Some  w'ere  of  the  ordinary 
diamond  pattern,  some  had  a bow'ed  top;  one 
was  circular.  I even  got  a kite  to  fly  which 
was  absolutely  frameless.  However,  I came 
to  no  very  definite  conclusions,  my  experi- 
ments were  knocked  off,  and  I had  no 
opportunity  of  continuing  them  for  five  years. 

In  1892,  I made  trials  with  a 20  sq.  ft.  kite, 
from  which  I obtained  two  most  important 
results.  The  first  was  that  I found  it  possible 
to  do  away  with  that  appendage  known  as  a 
“ tail,”  which  I had  hitherto  presumed  to 
be  indispensable,  and  the  second  result  was 
that  by  attaching  a bag  to  the  string  some 
distance  from  the  kite,  I found  I could  put 
weights  into  it  until  the  kite  was  able  to  lift 
a weight  of  6 lb.  or  more  in  a fairly  strong, 
though  not  exceptional,  breeze.  This  result, 
the  lifting  of  'j  lb.  per  square  foot  of  kite 
surface  was  most  encouraging,  and  con- 
vinced me  that,  under  such  circumstances, 
I should  be  able  to  lift  a man  with  a kite 
of  500  square  feet.  I,  therefore,  determined 
to  go  to  a suitable  place  and  carry  out  a 
regular  series  of  experiments  for  a week  or 
two.  I thus  learnt  many  lessons,  one  of  the 
principal  being  to  appreciate  the  fickleness 
and  variability  of  the  wind.  A kite  which  flew 
perfectly  one  day  would  scarcely  rise  on  an- 
other. It  would  be  impossible  to  give  anything 
like  a detailed  account  of  my  numerous  experi- 
ments. I tried  a great  variety  in  forms  of  kites 
and  attachments  of  string.  I have  records  of 
twenty-seven  different  days’  experiments  in  that 
year,  and  many  of  them  were  devoted  to  very’ 
small  details  of  construction.  These  experi- 
ments were  continued  the  next  year,  but  it 
really  seems  extraordinaiy^  how  little  actual 
progress  resulted,  so  often  did  one  particular 
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idea  have  to  be  tried  again  and  again  under  all 
conditions,  before  any  decided  conclusion  could 
be  arrived  at ; and  as  often  as  not  did  I finally 
conclude  that  that  whole  series  of  experiments 
was  absolutely  negative.  Yet,  again  and  again 
I had  such  successful  days  of  work  that  I was 
encouraged  to  continue.  Here  are  some  of  the 
designs  with  which,  together  with  many  others,  I 
experimented  (see  Fig.  i).  They  all  have  certain 
advantageous  qualities,  but  each  required  end- 
less alterations  before  really  satisfactory  results 
were  obtained. 


Fig.  I. — Shapes  of 

These  experiments  have  continued  off  and  on 
up  to  the  present,  but,  as  I have  said,  it  would 
be  impossible  for  me  to  detail  them  all,  though 
carefully  recorded,  I having  up  to  date  records 
of  close  upon  200  different  days’  experiments. 
I will  therefore  endeavour  to  summarise  the 
results  which  I obtained. 

I soon  found  that  the  wind  force  is  always  so 
variable  from  one  moment  to  another  that  to 
record  its  velocity  during  experiments  was 
hopeless,  even  though  that  may  seem  a neces- 
sity in  careful  scientific  experimenting.  I 
proved  : — 
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1.  That  a tail  is  an  unnecessary  appenda^, 
to  a properly  constructed  kite. 

2.  That  by  means  of  two  strings  suitab 
attached  a kite  can  be  guided  so  as  to  fly  wi; 
some  45°  to  each  side  of  the  wind  course,  ai| 
under  favourable  circumstances  more. 

3.  That  a kite  which  is  perfectly  flat,  in  ve' 
light  weather  will  fly  well,  but  that  in  stroi 
winds  it  will  be  very  unsteady. 


4.  That  if  it  be  given  much  of  a “ diedra] 
angle,  that  is,  if  the  sides  of  the  kite  arethro^ 
back  like  a butterfly’s  wings,  or  if  it  presents! 


Experimental  Kites. 


convex  surface  to  the  wind  it  will  not  rise|o 
so  great  an  elevation  as  if  flat,  but  wilU 
steadier  in  strong  winds. 

5.  That  a large  kite  flies  more  steadily  to 
a small  one. 

6.  That  if  the  vertical  section  of  a e 
presents  a concave  curve  from  top  to  botn 
(thus"^)  the  kite  will  ascend  to  a certain  hebt 
and  then  “ top,”  that  is,  dive  over  forw'ardi^ll 
it  lies  horizontally  on  the  air,  and  will  then  5|k 
to  the  ground.  But  that  if  the  form  of  the 

is  such  that  its  section  presents  two  ornre 
curves  (thus  ) this  tendency  is  preventq. 
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7.  That  the  angle  which  the  string  takes 
vith  the  horizon  is  variable,  depending  on  the 
brm  of  the  kite  and  on  the  strength  and  direc- 
ion  of  the  wind  (which  sometimes  has  an 
ipward  trend).  The  most  usual  forms  vary 
rom  30°  to  50°. 

8.  That  the  weight  which  a kite  can  lift  will 
)f  course  depend  very  greatly  on  the  wind 
orce,  but  a concave  form  of  kite  is  more 
)Owerful  than  a convex  one.  In  a light  wind 
.bout  *i  lb.  per  sq.  ft.  of  kite  may  be  counted 
n,  in  medium  winds  -3  lb.,  in  strong  *5  lb. 

9.  That  if  the  weight  to  be  lifted  be  affixed 
0 the  kite,  or  very  close  to  it,  it  is  very  liable 

0 upset  the  equilibrium  of  the  kite  and  render 
; unsteady. 

10.  That  “duplex”  lines,  that  is  two  re- 
aining  lines  fixed  apart  on  the  ground,  and 
ttached  to  two  points,  one  on  each  side  of  the 
entral  axis  of  the  kite,  enable  it  to  fly  with 
Teat  steadiness  in  all  winds. 

11.  That  in  light  winds  the  line  may  be 
ttached  higher  up  on  the  kite  than  in  strong 
ands,  and  that  this  raising  of  the  point  of 
ttachment  causes  the  kite  to  rise  easier,  but 
D be  more  unsteady. 

12.  That  a “regulator,”  or  line  attached  to 
ie  lower  part  of  a kite,  the  pulling  of  which 
Iters  the  angle  it  presents  to  the  wind,  causes 

to  rise  or  fall  as  desired. 

13.  That  the  pull  of  the  string  of  a kite  may 
e taken  roughly  as — in  light  winds  •!  lb.  per 
p ft.,  in  moderate  *7  lb.,  in  strong  up  to  2 lb. 
er  sq.  ft.  of  kite  surface. 

As  for  shapes,  there  are  many  kinds  which 
7 well  if  properly  adjusted.  The  following 
oints  have  to  be  considered  : — 

I.  Lightness,  so  as  to  ascend  easily  in 
ght  winds.  For  some  purposes  it  may  be 
esirable  to  construct  special  kites,  but  these 
?ry  light  ones  should  never  be  used  in 

1 rong  winds,  else  they  might  become  strained 

damaged.  2.  Stability  in  strong  winds, 
hich  quality  may  also  necessitate  heavy 
mstruction,  rendering  the  kite  useless  in 
jht  airs.  3.  Portability . — For  most  purposes, 
ipecially  when  large  kites  are  desirable,  it 
necessary  that  they  should  be  easily  folded 
>•  4.  Simplicity. — The  more  complicated 

rms  of  kites  are  very  liable  to  damage, 
id  one  little  detail  going  wrong  may  upset 
e balance  and  the  whole  efficiency  of 
e kite.  5.  Power  to  lift  or  draw.  Some 
rms  of  kite  possessing  these  qualities  may 
't  have  so  much  power  as  others.  Thus  a 
concave  kite  is  powerful,  though  perhaps 
isteady.  6.  Good  Rise,  that  is  to  say  power 


of  attaining  a steep  angle  with  its  string. 
7.  Strength,  both  to  withstand  the  pressure  of 
wind  and  to  stand  knocking  about  while  on  the 
ground. 

Though  not  absolutely  necessary,  a vertical 
backbone  down  the  centre  of  the  kite  seems 
desirable.  The  crosspieces  to  hold  out  the 
material  transversely  may  be  in  front  of  or 
behind  the  cover,  but  what  is  better  still  is  to 
have  them  enclosed  in  seams  in  the  material. 

A difficult  question  to  decide  is  that  of  flexi- 
bility or  rigidity.  If  the  framework  of  a kite 
be  very  flexible,  it  may  in  strong  winds  so  bend 
when  struck  by  a strong  squall  that  it  lessens 
the  effective  area,  and  thus  automatically  regu- 
lates the  pull  on  the  line.  This  characteristic 
would  appear  to  be  most  desirable.  I have 
arranged  kites  with  springs,  so  as  to  fold  back 
diedrally  when  struck  by  unduly  strong  puffs  ; 
but  practically  I must  own  that  so  far  I have 
not  succeeded  in  devising  any  very  satisfactory 
arrangement.  The  same  may  be  said  as 
regards  springs  applied  to  the  bridle  so  as  to 
allow  the  kite  to  automatically  present  a 
different  angle  to  the  wind,  according  as  it  is 
strong  or  light.  In  practice  a stiff,  rigid  kite 
is  generally  the  most  satisfactory,  even  though 
the  pull  on  the  line  may  in  consequence  be  as 
variable  as  the  changes  of  wind  force. 

What  I have  hitherto  found  to  be  the  best 
form  all  round,  is  one  nearly  hexagonal  in 
outline,  stretched  on  a framework  consisting 
of  three  poles  of  equal  length,  one  forming  an 
upright  “backbone,”  the  other  two  placed 
across  it  at  right  angles  to  form  “crosspieces.” 
This  form  of  kite  is  very  simple  and  portable, 
as,  when  the  backbone  is  unshipped,  the  kite 
(with  its  bridle)  can  be  rolled  up  on  the  cross- 
pieces. When  flying,  all  the  central  square 
forms  a powerful  concavity,  or  rather  two  con- 
cavities divided  diedrally  by  the  backbone  to 
give  steadiness,  while  the  top  triangle  pre- 
vents all  tendency  to  “top.”  This  pattern,  for 
distinction,  I have  designated  “ levitor.”  As 
regards  size,  I find  the  most  convenient  to  be  12 
feet  high  and  12  feet  wide.  This  is  about  the 
largest  size  that  can  be  handled  easily.  The 
poles  are  as  long  as  can  be  conveniently 
transported  in  one  piece.  Such  kites  weigh 
complete  from  5 lbs.  to  7 lbs.  according  as  they 
are  intended  for  light  winds  or  strong,  and 
have  an  area  of  about  no  square  feet.  I have 
about  fourteen  such  kites.  My  largest  kite 
was  36  feet  high,  containing  500  square  feet, 
but  this,  though  I flew  it  on  some  twenty 
different  occasions,  I found  to  be  rather  un- 
wieldy. I have  one  24  feet  high  which  is  more 
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convenient.  I am  still  not  quite  decided 
whether  it  is  practically  best  to  use  one  or  two 
large  kites,  or  a number  of  small  ones,  for 
lifting  weights  such  as  a man.  Small  kites 
are  handier — they  are  lighter  for  a given  area 
(since  very  large  kites  necessitate  very  large 
poles),  and  if  one  becomes  damaged  it  is  more 
easily  replaced,  and  if  an  accident  occurs  to 
one  kite  while  flying  in  mid-air,  there  is  not 
necessarily  a sudden  collapse  of  the  whole 
apparatus.  On  the  other  hand,  big  kites  are 
simpler  to  make,  and  require  but  one  adjust- 
ment. They  seem  to  float  more  steadily  in 
gusty  winds  (since  they  are  acted  on  by  a 
number  of  variable  currents),  there  is  less 
complication  of  strings,  and  they  are  probably 
more  efficient.  1 have  frequently  tried  an 
appendage  like  the  rudder  of  a ship,  which 
has  a decidedly  steadying  effect. 

There  is  one  form  of  kite  which  calls  for 
special  comment.  It  is  known  as  the  “ Har- 
grave ” or  ‘‘box”  kite,  having  been  invented 
by  Mr.  Hargrave  in  Australia.  I have  here  a 
specimen  which  will  more  readily  convey  an 
idea  of  its  peculiar  construction  than  a long 
description.  You  see  it  is  like  two  boxes  with 
their  lids  and  bottoms  knocked  out  and 
connected  a short  distance  apart.  This  kind 
of  kite  has  found  great  favour  in  America, 
where  it  has  been  used  for  many  purposes, 
including  the  high  ascents  for  meteorological 
purposes  at  the  Blue  Hill  Observatory. 

My  own  experience  with  such  kites  is  rather 
limited,  but  in  practice  I have  found  them 
possess  very  little  advantage  over  other  good 
forms,  and  I am  unable  to  comprehend  any 
very  special  theoretical  advantage  in  them. 

Such  a form  of  kite  is  bound  to  be  heavy, 
and  I will  endeavour  to  show  later  on  the 
theoretical  objections  to  a heavy  kite.  The 
average  weight  of  those  used  at  the  Blue  Hill 
Observatory  is  about  *i  lb.  per  sq.  ft.  of  sus- 
taining surface.  My  ‘ ‘ levitor  ’ ’ kites  (which  are 
of  much  larger  size,  and  should  therefore  be 
heavier  in  proportion)  average  -05  lb.  per  sq.  ft. 
That  is  just  half  the  weight  for  a given  area. 
It  is  almost  bound  to  be  more  complicated  and 
difficult  to  fold  up.  Being  heavier,  I have 
always  found  a Hargrave  more  difficult  to  get 
up  in  light  winds.  In  very  strong  winds, 
though  the  Hargrave  may  perhaps  be  steadier 
than  any  other  single  line  kite,  there  is  no 
comparing  it  for  steadiness  with  one  on  a sys- 
tem of  duplex  lines.  Still,  for  certain  purposes, 
such  as  attaining  great  elevations  in  strong 
winds,  it  may  be  useful. 

As  regards  retaining  lines,  I have  generally 


used  one  of  three  systems  : (i)  the  usual  singlj 
line;  (2)  the  “duplex,”  with  the  two  line! 
fixed  apart  so  that  they  join  the  kite  at  a 
angle  of  about  60°;  and  (3)  the  “rein”  ( 
steering  lines  (for  small  kites)  in  which  tl 
duplex  lines  are  held  together  in  the  hand,  am 
used  like  reins  for  steering  the  kite. 

The  first  system  is  employed  if  it  is  desirab 
to  get  out  a great  length  of  line,  or  for  towing 
and  when  steadiness  is  not  a matter  of  impor 
ance  ; the  second,  when  great  steadiness 
desired  ; and  the  third  for  steering  kites. 

In  using  several  kites  together,  there  ai^ 
several  different  methods  of  attaching  their 
best  explained  by  diagrams. 

a.  The  “duplex”  applied  to  several  kite 
(difficult  to  apply  more  than  two  or  thrt 
kites). 

b.  “ Parallel  ” system,  each  kite  presentir 
the  same  angle  as  the  one  below  it,  and  thi 
the  whole  system  is  under  control. 

c.  Single  line  passing  through  the  kites. 

d.  Single  lines,  each  lower  kite  having 
“ back  bridle.” 

e.  Independent  kites  “ buoying  ” the  line. 

Each  of  these  systems  is  applicable  und 

certain  circumstances,  and  a combination 
one  or  more  is  often  used. 

I have  here  a specimen  of  a kite  fully  fitte 
By  this  system  of  running  thimbles  it  can  1 
used  so  as  to  fly  independently  on  a sing 
line,  or  duplex  on  two  lines. 

I also  have  a model  to  show  what  I belie 
is  the  best  method  of  suspending  the  car 
lift  the  man.  In  this  he  is  perfectly  stead 
It  cannot  swing  or  rotate. 

As  regards  materials,  I have  found  that  fi 
the  framework  of  all  kites  there  is  nothing  li 
bamboo,  though  this  material  may  be  obtain, 
in  many  different  varieties,  some  not  so  suitat 
as  others.  I have  tried  various  sorts  of  woo 
but  have  always  been  dissatisfied  wdth  it. 
is  generally  either  too  heavy  or  too  britt' 
Male  bamboo,  though  very  strong,  is  too  hea 
or  too  flexible.  The  same  in  an  increas 
degree  may  be  said  of  steel  tubing.  T 
thinnest  steel  I could  obtain  is  very  mu 
heavier  than  bamboo  of  somewhat  the  sar 
diameter,  even  though  it  may  be  stronger, 
of  much  less  diameter  it  does  not  possess  t 
requisite  rigidity.  It  is  of  course  also  mu 
more  expensive. 

The  cover  I have  usually  made  of  lig 
cambric,  which  is  very  satisfactory,  seldc| 
tearing  unless  through  catching  in  some  tre| 
&c.  For  very  light  kites  I have  tried  silk,  a: 
also  goldbeaters’  skin.  Paper  is  a wTetchl 
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laterial,  even  for  the  roughest  models.  It  is 
0 liable  to  get  torn  even  before  an  experiment 
an  be  completed  with  it. 


great  advantages ; but  in  practice— at  all 
events  for  experimental  work — its  liability  to 
kink,  to  get  rusty,  to  attract  lightning,  and  its 


i)r  cordage  I have  generally  used  Italian  I awkwardness  to  handle,  render  hemp  prefer- 
^.  ussian  hemp.  Steel  wire  ought  to  possess  j able. 
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Let  me  add  a word  against  all  metal  clip- 
hooks,  spring  swivels,  &c.,  which  I at  first 
used  much,  but  soon  found  to  be  unreliable, 
heavy,  and  generally  unsatisfactory.  Wooden 
toggles  and  eye-splicers  are  much  to  be  pre- 
ferred. 

I might  emphasise  the  fact  that  these  remarks 
on  the  materials  used  in  kite  construction  are 
derived  from  my  own  experience.  Careful 
experimenters  in  America  have  come  to  other 
conclusions.  ( Vide  Marvin,  Millet,  Lam- 
son,  &c.) 

I will  now  say  a few  words  as  regards  the 
practical  working  of  kites. 

In  very  light  winds  there  may  be  a difficulty 
in  getting  a kite  up.  Then  it  is  best  to  lay  out 
a long  single  line  along  the  ground,  say  200  or 
300  yards  long,  let  one  end  be  attached  to  the 
kite,  and  a man  hold  the  other  end  and  run 
with  it.  The  kite  will  thus  rise  up  into  the  air 
some  300  or  400  feet,  even  though  it  be  a dead 
calm.  But  often  there  is  a light  breeze  above 
which  is  imperceptible  below,  and  if  the  kite 
floats  of  itself  its  string  may  be  affixed  to  a 
second  kite,  which  it  will  gradually  draw  up 
and  thus  a whole  series  carried  up  to  the 
upper  current. 

Even  very  large  kites  may  be  got  up  in  this 
way.  I have  several  times  tried  towing  such 
kites  with  about  a dozen  men  running,  or  by 
attaching  the  kite  line  to  a waggon  drawn  by 
horses.  By  both  these  methods  a man  has 
been  lifted  up. 

The  subject  of  the  upper  currents  of  the  air 
has  been  discussed  by  Mr.  Douglas  Archibald, 
who  conducted  a series  of  kite  experiments 
which  tend  to  prove  that  the  velocity  always 
increases  with  altitude,  and  in  the  proportion  of 

X = 4/17 
V V h 

when  V and  v represent  the  velocities,  and 
H h the  corresponding  heights. 

In  strong  winds  it  is  usually  best  to  use 
duplex  lines,  the  ground  end  fixed  to  pegs  or 
to  trees,  &c.,  so  that  the  wind  blows  up 
between  them.  In  strong  winds  the  retaining 
line  or  lines  should  always  be  securely  fixed 
before  the  kites  are  let  up,  else  it  may  be 
impossible  to  hold  them. 

As  far  as  practical  utility  goes,  I have  used 
kites  for  the  following  purposes 

I . To  lift  a man  similarly  to  a captive  balloon 
which  may  be  very  useful  in  military,  operations 
as  well  as  for  all  purposes  where  a lofty  look- 
out may  be  desirable.  I have  actually  been 
-lifted  up  on  about  eighteen  different  occasions 
sometimes  going  as  high  as  100  feet  (the  limit 


of  the  perpendicular  rope).  I have  also  let  Uj 
weights,  equal  to  that  of  a man,  300  feet  high' 
and  I believe  thatthe  height  attainable  is  chief 
dependent  on  the  length  of  rope  availahl 
The  kite  area  has  varied  from  300  to  800  squa ! 
feet.  In  most  cases  I have  used  from  three 
eight  kites,  but  have  also  made  ascents  wi 
one  kite  of  500  square  feet. 

2.  To  lift  a torpedo  or  large  charge 
explosive  to  be  wafted  over  a fortification,  & 

I have  let  up  some  hundreds  of  poun 
weight  and  sent  it  off  over  a place  half- 
mile  off. 

3.  To  take  up  a photographic  camera 
arranged  as  to  obtain  a photograph  of  t 
country  beneath.  I have  here  some  specime. 
taken. 

4.  To  sail  boats,  for  which  purpose  kites se( 
most  suitable  as  the  boat  can  sail  very  close 
the  wind,  and  with  no  fear  of  capsizing. 

5.  To  draw  a cart,  which  may  be  very  use 
in  open  country.  It  is  surprising  the  am«i 
of  power  the  kites  possess  even  in  a light  wii 

6.  Communication  between  ships  at  sea,  ' 
which  letters  and  parcels  can  be  conve}i 
without  the  necessity  of  lowering  a boat. 

Also  for  signalling,  getting  ropes  to  oth- 
wise  inacessible  places,  and  many  ot  r 
purposes. 


IL— Theoretical  Principles. 

The  theoretical  principles  of  kite  flyj 
seem  to  have  received  but  little  attenta 
from  scientists.  Professor  C.  F.  Marvin, (f 
Washington,  has  recently  published  two  1 - 
nographs,  “ Kite  Experiments  at  the  Weatr 
Bureau,”  and  “The  Mechanics  and  Eqi - 
brium  of  Kites,”  which  practically  constfe 
the  entire  literature  (in  English)  on  the  sub] 
except  for  a few  remarks  in  Mr.  Chanu  s 
interesting  work,  “Progress  in  Flying  I|i* 
chines.”  and  in  the  “Aeronautical  Ann  1, 
1896,”  while  the  scientific  researches 
Professor  S.  P.  Langley  (“Aerodynamic!’) 
also  throw  great  light  on  the  subject. 

In  order  to  investigate  the  results  of  le 
forces  acting  on  a kite  we  will ‘assume  th  it 
' a flat  plane,  and  that  the  wind  blows  a 


IS 


steady,  horizontal  course.  These  conditjCis 
are  practically  but  seldom  met  with,  the  te 


surface  usually  forming  a variety  of  cies 
and  planes  at  various  angles,  wFile  the ’’la 
is  always  variable  both  in  force  and  directii  - 
There  are  two  forces  acting  on  the  kijm 
opposition  to  the  retaining  line,  viz.,  the  v|d; 
and  the  weight  of  the  kite.  The  wind  ac  “ 
several  ways ; it  presses  on  the  whole  ui|3r 
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face  normally  to  the  general  plane  of  the 
3 ; it  acts  on  the  front  edges  and  on  any 
jection,  tending  to  drive  the  kite  in  the 
action  of  its  central  vertical  axis  ; and  it 
s on  the  retaining  line.  There  may  also  be 
:ertain  amount  of  “ skin  friction,”  though 
5 is  probably  a very  unimportant  factor.* 
n Fig.  3 let  AB  represent  a vertical  section 
he  kite  ; ow  the  wind  pressure,  which  will 
at  right  angles  to  the  plane  of  the  kite  ; o G 
resents  gravity,  or  the  weight  of  the  appa- 
QS  ; OR  the  “frontal  pressure,”  that  is, 
edge  resistance  of  the  kite  and  cords  and 
projections  to  the  wind.  Then,  by  corn- 
ting  the  parallelogram,  we  get  OS  for  the 
il  resultant,  which  gives  the  force  and 
action  which  the  string  has  to  oppose  in 
er  that  the  kite  shall  remain  in  equilibrium. 


to  the  surface — but  it  lessens  in  intensity  as 
the  angle  presented  by  the  kite  becomes 
smaller,  while,  on  the  other  hand,  the  force 
of  gravity  or  weight  remains  the  same  in 
intensity,  but  becomes  more  perpendicular. 
The  frontal  pressure,  as  a rule,  increases 
slightly.  Therefore,  as  the  kite  approaches 
the  zenith,  the  total  resultant  becomes  more  at 
right  angles.  (Fig.  4.) 

On  starting  the  kite,  the  string  will  naturally 
be  nearly  horizontal,  as  M o.  The  direction  of 
pull  being  O S,  the  kite  will  rise  upward,  until 
the  string  comes  in  the  position,  o N.  If  it 
rises  above  this,  it  will,  of  course,  be  blown 
back  to  the  position  O N. 

Hitherto  we  have  taken  the  point  O as  the 
centre  of  effort  of  the  wind.  But  in  practice 
this  exact  point  is  not  easy  to  find.  Moreover, 


rom  this  figure  it  will  readily  be  apparent 
• important  are  the  proportionate  relations 
/eight  and  frontal  pressure  to  the  effective 
d force,  in  that,  as  the  latter  (o  w) 
eases,  the  total  resultant,  or  direction  of 
, becomes  more  and  more  perpendicular  to 
kite.  Hence,  with  a heavy  kite  in  a very 
t wind,  the  string  will  pull  at  such  an  angle 
: the  kite  cannot  rise  to  any  great  height. 

■s  the  kite  rises  in  the  air,  pivoted  about 
base  of  the  string,  the  direction  of  the 
jd  force  remains  the  same — that  is,  normal 


ITie  friction  of  the  air  is  inappreciable.  This  fact  may 
atcd  as  the  result  of  my  own  experiments,  and  of  well- 
n experiments  of  others.” — Prof.  Langley’s  “Aero- 
nics” 


as  will  presently  be  shown,  it  shifts  about 
Fig.  4. 
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come  this  practical  difficulty  a “bridle”  is 
used.  This  consists  of  strings  fixed  on  the 
kite  at  points  above  and  below  the  place  of 
the  centre  of  effort,  and  connected  together  in 
the  ground  line.  The  use  of  the  bridle,  then, 
is  to  automatically  adjust  the  direction  of  the 
pull  of  the  string  towards  the  centre  of  effort. 

The  action  of  this  contrivance  can  be  more 
easily  understood  if  we  suspend  a rod  horizon- 
tally by  a piece  of  string  fixed  to  its  centre. 
If  a weight  be  hooked  on  to  the  rod  on  one 
side  of  its  centre,  it  at  once  tips  up.  The 
same  occurs  with  a kite  in  which  the  string 
is  affixed  to  one  point — directly  the  wind 
force  is  greater  on  one  side  than  the  other  the 
kite  must  tip  up.  But  now  if  we  put  a bridle 
on  the  rod,  i.e.,  suspend  it  by  two  strings  fixed 
apart  on  the  stick,  and  held  together  above  it, 
a weight  can  be  hooked  on  to  any  point 
between  the  strings  without  the  rod  tipping  up 
to  any  great  extent.  Under  such  circum- 
stances the  rod  will  be  inclined  until  the  weight 


L being  the  length  of  a squai'e  plane,  whiii 
may,  of  course,  give  a slightly  different  resil 
to  the  ordinary  shape  of  a kite. 

I have  already  referred  to  the  “ diedrall 
angle  of  a kite  giving  stability.  The  reas 
for  this  is  easily  demonstrated. 

ABC  (Fig.  6)  represent  a horizontal  secti 
of  a kite  having  a considerable  diedral  ang 
The  arrows  show  the  direction  of  the  wind  foi 
against  the  two  sides.  Now,  in  strong  -win 
many  twirls  and  eddies  are  found  in  the  wi 
currents,  just  as  one  sees  them  in  a rapid-floi 
ing  river.  Such  eddies  cause  uneven  pressui 
to  be  produced  on  different  parts  of  a ki 
If  then  a greater  pressure  is  suddenly  brou^ 
to  bear  on  the  side  A B,  this  side  is  drh 
back,  and  a smaller  angle  is  presented  to  1 
wind  ; while  the  other  side,  B c,  is  press 
forward,  and,  by  becoming  more  at  right  ang . 
to  the  direction  of  the  wind,  takes  agrea- 
pressure,  and  thus  equilibrium  is  automatics’ 
restored. 


Fig.  5. 


(or  rather  the  centre  of  gravity  of  the  whole) 
hangs  just  below  the  point  of  suspension.  In 
the  kite  this  means  that  such  an  angle  will  be 
presented  to  the  wind  that  the  pull  of  the  string 
will  point  towards  the  centre  of  pressure. 

With  a plane  surface  placed  at  right  angles 
to  a current  of  wind,  the  centre  of  the  figure 
will  be  the  centre  of  eff'ort,  and  it  would  be 
comparatively  easy  thus  to  determine  the 
exact  centre  of  effort  of  any  given  kite  were 
it  not  for  a law  of  nature  only  recently  deter- 
mined, which  is,  that  as  a plane  presents  a less 
angle  to  a fluid  impinging  upon  its  surface,  the 
centre  of  pressure  moves  forward  towards  the 
front  edge  of  that  plane.  Therefore,  as  a kite 
rises  in  the  air  the  angle  it  presents  to  the 
wind  becomes  less,  and  therefore  the  centre  of 
pressure  shifts  forward. 

The  experiments  of  Langley,  JoSssel,  and 
Kummer  practically  agree  in  showing  that  the 
centre  of  effort  works  forward  of  the  centre  of 
area  according  to  the  formula 

= (0‘3  - G’3  sin  a)  L. 


It  has  been  pointed  out  that  this  form  of  h 
has  less  tendency  to  rise  high  ; the  reasor 
this,  too,  is  explicable.  The  bending  baclif 
the  sides,  of  course,  diminishes  the  eflfec'3 
area  of  the  kite — that  is,  wind-pressure  s 
diminished  ; but  the  weight  and  frontal-pi  * 
sure  remain  the  same.  Hence  the  result! 
pressure  acts  less  perpendicularly. 


Fig.  6. 


Curved  Surfaces. — We  began  by  assuir.^ 
that  the  kite  was  a flat  plane,  which  it  seldm 
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in  practice.  The  action,  however,  of  a cur- 
nt  of  air  impinging  on  a curved  surface  is 
le  very  little  understood.  I think  we  can  ex- 
ain  the  action  of  a kite  whose  whole  vertical 
ction  consists  of  one  concave  curve,  and 
iiich,  as  I have  said,  in  practice  is  always 
dined  to  “ top  ” over  into  the  wind.  On  the 
inciples  already  explained,  we  can  under- 
and how  the  pressures  towards  the  upper 
)rtion  of  the  curve,  when  the  surface  presents 
small  angle  to  the  wind,  are  advanced 
rward,  and  that  the  result  will  be  a strong 
(ward  pressure.  When  the  kite  has  risen  to 
given  height,  the  angle  presented  by  the 
mt  portion  of  the  curve  will  have  become 
;s  and  less,  owing  to  the  direction  of  the  pull 
the  string,  until  it  is  absolutely  horizontal, 
id  then  not  only  is  there  no  pressure  on  the 
)nt  part  of  the  kite,  but  the  wind  will  pass 
er  the  top,  and  cause  the  flexible  material  to 
iver  and  bag,  so  that  all  buoyancy  is  lost, 
d it  then  naturally  rolls  over  and  spills  out 
wind. 

\Duplex  lines. — The  theoretical  advantages 
I “ duplex  ” lines  can  be  explained  in  the 
Tie  manner  as  those  of  the  bridle.  If  a hori- 
jital  section  of  the  kite  be  taken  it  will  be 
e the  rod  suspended  by  a string  from  the 
' itre.  If  the  wind  pressure  comes  on  one 
: e the  stick  or  crosspiece  of  kite  is  tilted  over. 

' is  will  at  once  cause  the  whole  kite  to  be 
( yen  away  to  one  side,  and  thus  in  a variable 
’ id  the  kite  will  be  continually  moving  from 
te  to  side.  Directly,  however,  we  suspend 
tj-  rod  by  two  strings  it  is  apparent  that  no 
{jfting  of  the  weight  or  pressure  can  cause  it 
timove  (see  Fig.  5,  No.  4). 

\Tail.—lt  may  be  as  well  to  inquire  into  the 
7\’Son  d'etre  of  the  tail.  It  is  not  likely  to 
Ij/e  been  applied  to  kites  all  these  years  with- 
c|  some  reason.  Now  we  know  that  a badly- 
ciistructed  kite  is  liable  to  turn  over  and  dive 
t he  ground,  or  swing  from  side  to  side.  How 
c|i  this  be  prevented.  If  the  lower  end  can 
t kept  down  and  back  the  kite  cannot  capsize, 
la  heavy  weight  were  attached  to  the  bottom 
cjhe  kite  any  irregular  movement  would  set  it 
singing  like  a pendulum,  and  this  action 
vild  probably  be  increased  until  the  kite 
rplved  right  round.  Moreover,  the  weight 
VI lid  simply  tend  to  pull  the  kite  straight 
d mwards  towards  the  ground.  On  the  other 
h d if  a long  light  tail  were  attached,  so  as 
tpe  driven  back  by  the  wind,  it  would  have  a 
h iency  to  pull  the  kite  flat.  By  contriving 
t!,  two,  judiciously  adding  weight  to  a long 
the  desired  result  may  be  obtained  of 


rectifying  the  faults  of  a badly-constructed 
kite. 

It  is  often  difficult  to  get  practice  to  agree 
with  theory.  Thus,  for  instance,  according  to 
theory,  if  the  wind  is  blowing  at  about  50  miles 
an  hour,  the  pressure  on  a plane  surface  at 
right  angles  to  it  should  be  at  the  rate  of 
12  lbs.  per  square  foot.  Thus  on  100  square 
feet  it  should  be  1,200  lbs.  But  if  the  angle 
be  inclined,  even  to  30°  with  the  horizon,  the 
normal  should  be  *8  of  this,  that  is,  960  lbs. 
Practically,  however,  though  I have  had  out 
kites  to  test  their  pull  during  strong  gales,  I 
have  no  record  of  a 100  ft.  kite  ever  pulling 
more  than  250  lbs.  on  the  string,  and  this 
amount  is  quite  exceptional. 

When  considering  what  weight  can  be  lifted 
by  a kite,  and  to  what  height  it  can  be  raised, 
the  forces  acting  on  the  string  must  be  con- 
sidered. These  forces  are  the  weight  of  the 
line  and  the  presence  of  the  wind  upon  it. 
These  cause  the  line  to  hang  in  a curve,  more 
horizontal  near  the  ground  and  more  per- 
pendicular near  the  kite.  The  total  force  thus 
acting  tangent  to  the  string  (commonly  called 
the  “ pull  ”)  may  be  divided  into  two  forces  of 
“lift”  and  “drift,”  that  is,  a force  acting 
vertically  upward  and  one  acting  horizontally 
in  the  direction  of  the  wind.  Now  it  can 
readily  be  understood  that  the  “lift”  is 
greater  in  proportion  near  the  kite  than  near 
the  ground,  while  the  “ drift”  may  become  so 
great  near  the  ground  as  to  pull  the  line  hori- 
zontally, and  not  even  lift  it  off  the  ground. 
But  on  comparatively  short  lines  and  in  a good 
wind  this  curve  is  not  of  importance.  We  have, 
however,  to  consider  the  effect  of  hanging  a 
heavy  weight  on  the  line.  That  portion  above 
the  weight  will  remain  at  the  angle  caused  by 
the  pull  of  the  kite.  But  the  angle  of  the  string 
below  can  be  readily  found. 


DISCUSSION. 

The  Chairman  said  the  experiments  of  Captain 
Powell  established  a good  many  facts  which  had  an 
important  bearing  on  this  interesting  subject,  and  the 
explanations  he  had  given  were  very  clear.  He  had 
had  the  privilege  of  seeing  and  taking  part  in  some  of 
the  experiments  canied  out  last  week  at  Hounslow, 
and 'seeing  how  the  kites  actually  performed.  As 
was  shown  in  one  of  the  slides,  the  kites  were  some- 
times rather  unsteady,  and  swayed  about ; the  fact 
was  that  the  wind  was  very  variable  indeed,  and 
although  at  the  surface  of  the  ground  it  might  seem 
to  be  steady,  yet  when  tested  by  these  kites  a little 
way  up,  it  did  not  remain  steady  many  minutes 
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together.  Some  of  the  principles  which  had  been 
established  by  Captain  Powell,  as,  for  instance,  the 
application  of  two  strings  to  keep  the  kite  steady  and 
guide  it,  and  make  it  fly  even  at  an  angle  to  the 
wind,  were  very  important  in  practice.  A kite 
which  would  only  fly  in  the  direction  of  the 
wind  would  be  of  comparatively  little  service, 
because  it  seldom  happened  that  the  wind  blew 
■exactly  in  the  required  direction.  He  was  hardly 
prepared  to  find  that  so  much  had  been  already 
accomplished,  and  was  very  glad  that  the  subject  of 
aeronautics  had  advanced  so  far  within  the  last  three 
or  four  years.  Kites  would  be  useful,  not  only  for 
military  purposes  but  also  to  travellers,  and  he  had  no 
doubt  that  if  Nansen  had  had  kites  W'hich  were  easy 
of  manipulation  he  would  have  been  able  much  more 
readily  to  overcome  some  of  the  difficulties  he  met  with 
in  his  Arctic  expedition.  In  connection  with  sledging 
he  should  think  they  would  be  of  great  use,  and 
would  be  available  where  balloons  were  out  of  the 
question.  An  international  conference  on  the  subject 
of  aeronautics  was  shortly  to  be  held  at  Strassburg, 
when  the  use  of  balloons  and  kites  would  be  discussed, 
chiefly  in  connection  with  meteorology,  with  the  view 
of  selecting  a number  of  stations  where  observations 
might  be  made  simultaneously  on  the  physical  phe- 
aiomena  of  the  atmosphere  over  a large  area. 

Mr.  R.  H.  Scott,  F.R.S.,  said  a special  com- 
mittee had  been  appointed  at  the  Meteorological 
Conference  in  Paris  in  1896  to  study  the  question 
of  simultaneous  balloon  ascents  for  the  purpose  of 
making  observations,  some  carrying  human  observers, 
and  others  only  instruments,  and,  on  three  occasions, 
balloons  had  been  started  at  the  same  time  from 
Paris,  Strassburg,  Berlin,  Munich,  and  in  one  or  two 
cases  from  St.  Petersburg,  in  order  as  it  w'ere  to  take 
soundings  of  the  atmosphere  on  the  same  day  at 
different  points.  He  had  received  notice  of  a 
meeting  of  this  committee,  which  was  to  be  held  at 
the  end  of  the  month,  from  Dr.  Hergesell,  the  head 
of  the  Meteorological  Institute  at  Strassburg,  chair- 
man of  the  committee,  and  also  signed  by  the  well- 
known  name  of  Monsieur  de  Fomdelle.  He  saw  that 
one  particular  section  of  the  programme  w^as  devoted 
to  the  use  of  kites,  for  which  Mr.  Rotch  was  going 
to  furnish  an  account  of  his  experiences  at  Blue 
Hill.  The  committee  would  deal  particularly  with 
a form  of  apparatus,  the  kite-balloon,  of  which  he 
believed  the  inventor  was  present.  He  understood 
that  an  ascent  was  to  be  made  with  one  of  these  kite- 
balloons  during  the  conference.  He  should  be  glad 
to  receive  papers  from  any  one  who  had  anything  to 
communicate  to  the  conference,  and,  if  sufficient  notice 
were  given  him,  to  procure  invitations.  They  were 
much  indebted  to  Captain  Badcn-Powell  for  the 
trouble  he  had  taken  in  preparing  the  paper. 

Mr.  Douglas  Archibald  said  he  had  been  much 
interested  in  hearing  the  experience  of  Captain  Powell, 
which  seemed  to  bear  out  practically  results  which 
Professor  Marvin  had  deduced  theoretically,  as  stated 


in  his  recent  work,  and  he  must  say  that  in  thes 
matters  he  preferred  the  deductive  to  the  inducth 
method.  He  cousidered  Professor  Marvin’s  woi 
on  kites  was  perhaps  the  best  handbook  on  tl 
subject,  and  he  had  done  good  service  in  working  01 
the  theory  so  fuUy.  Captain  Powell  had  dealt  more  wi; 
the  kites  themselves  than  their  applications,  on  whic 
subject  he  thought  there  was  room  for  another  pape 
There  was  an  immense  field  open  in  that  directio 
for  this  was  a science  which  had  been  too  loi 
neglected.  Until  he  first  resuscitated  kite  flying 
1883  it  had  been  buried  in  oblivion  since  184 
He  had  recently  tried  to  interest  the  War  Offic 
but  was  told  that  the  military  authorities  did  n 
think  it  necessary  to  experiment  any  further.  He  w 
sorry  to  hear  that,  because  he  thought  if  the  expe; 
ments  had  been  carried  a httle  further,  in  all  probabili 
some  very  practical  results  would  have  been  attaine 
In  the  recent  Tirah  campaign  a few  kites  wi 
cameras  attached  to  them,  would  have  been  of  ve 
great  use,  and  might  have  given  information  as 
what  was  going  on  at  the  other  side  of  sot 
of  those  very  steep  and  inaccessible  hills.  1 
had  lately  been  thinking  out  one  or  two  fon 
of  apparatus  by  which  this  could  be  accomplish 
and  was  confident  that  it  w’ould  be  quite  possib 
Some  people  might  have  doubts  about  it,  but, 
any  rate,  there  could  be  no  harm  in  trying.  T 
Hargrave  kite  exhibited  was  not  quite  as  it  v 
described  by  the  inventor.  He  met  Mr.  Hargrave 
Australia,  and  spent  an  afternoon  with  him  in  flyi 
his  kite.  The  front  and  back  w^ere  fastened  togetl 
with  wires  or  bamboos,  and  there  were  also  cr 
struts,  so  that  the  whole  thing  was  rigid.  It  v 
probable  that  Captain  Powell’s  kites  w’ere  lighter,  1, 
he  thought  that  some  form  of  the  Hargrave  was  ' 
most  satisfactory,  especially  in  a heavy  breeze,  but  • 
had  not  seen  Captain  Powell’s  in  action  and  could  : 
therefore  judge  of  their  relative  merits.  He  aguji 
that  bamboo  was  by  far  the  best  material  to  i. 
People  often  said,  how  could  you  get  up  a kite  wl|t 
there  was  no  wind  } but  that  was  a pure  assumpti< : 
w?e  were  at  the  bottom  of  an  aerial  ocean,  and  ^ r 
few  knew  what  was  going  on  above.  Some  yn 
ago — in  1883,  1884,  and  1885 — he  made  a great  m ’ 
experiments,  and  he  remembered  that  frequei^ 
his  kites  were  up  in  the  air  pulling  tremendou  , 
when  he  could  have  lit  a match  without  the  sligh  t 
flickering  where  he  was  standing.  That  usu  y 
occurred  at  night,  and  it  had  been  shown  by  Profe:  r 
Marvin  and  others  that  night  was  the  best  time  r 
flying  kites,  though  it  might  not  be  the  n t 
convenient.  During  the  day  the  air  w'as  n e 
disturbed.  There  was  a question  of  the  appa:,-t 
discrepancy  between  observation  and  theory 
regard  to  the  pressure  and  lifting  power  which  01  k 
to  be  cleared  up.  He  believed  it  arose  in  g,k 
measure  from  continuing  to  use  an  old  fonrii, 
which  had  been  shown  to  be  erroneous,  the  i> 
efficient  being  really  *0026  instead  of  *005.  The  w le 
subject  was  one  which  required  working  at  rather  m 
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king  about,  and  he  should  like  to  see  more 
ople  paying  attention  to  it,  and  applying  it  in 
nous  ways.  It  was  already  used  for  photography, 
d he  had  heard  recently  from  naval  officers  that  it 
)uld  be  veiy  useful  for  communication  between  ships 
sea.  For  scientific  purposes  generally,  it  would  no 
ubt  come  into  use  for  ascertaining  pressures  and 
nperatures  at  great  heights.  In  America  he  saw 
2y  were  planning  a series  of  kites  at  high  levels,  so 
to  form  isobaric  charts  at  an  elevation  of  5,000  feet, 
lich  seemed  rather  a bold  idea.'  When  he  was  at 
ue  Hill,  on  one  occasion  he  superintended  the  kite 
ing,  when  they  elevated  a barograph  to  a height  of 
500  feet,  and  after  he  left  they  reached  as  high 
9,000  feet.  When  they  could  carry  recording 
^ruments  to  heights  like  that,  it  seemed  to  him 
ey  were  running  balloons  rather  hard.  Captain 
)well  said  he  was  not  certain  whether  it  was  more 
vantageous  to  use  large  kites,  or  small,  and  he 
reed  that  it  was  a matter  on  which  you  had  to 
mpromise.  A large  kite  was  more  useful  and 
nvenient  but  small  ones  were  more  portable.  Mr. 
argrave  once  said  that  he  thought  a man  with  five 
his  kites  under  his  arm  could  ascend  from  the  top 
an  omnibus.  It  would  be  rather  an  uncomfortable 
ice  to  start  from,  probably;  but  his  idea  was  to 
ow  the  degiee  of  portability  possible.  He  as 
ther  in  favour  of  large  kites  himself,  as  they  flew 
tter ; but,  if  for  other  reasons  it  was  desirable  to 
ve  several  smaller  ones,  it  was  best  to  have,  say, 
ree  at  the  top  and  one  or  two  below.  It  had  been 
own  by  theor}^,  and  he  believed  it  would  be  found 
le  in  practice,  that  the  best  arrangement  for  kites 
idem  was  to  have  a bunch  at  the  top,  and 
en  the  others  seriatim  below.  The  greatest  pull 
IS  obtained  where  you  got  the  greatest  velocity, 
d the  total  lifting  power  was  gi'eater  with 
ch  an  arrangement.  Since  he  invented  the 
te-balloon  some  years  ago  he  had  not  touched 
e subject  at  all,  but  when  in  Germany  last 
ar,  he  heard  that  a kite-balloon  of  some  form 
d been  adopted  by  someone,  and  hoped  it  would 
ove  successful.  He  could  not  help  thinking  that 
e idea  had  something  in  it.  A balloon  rose  in  a 
!m,  and  a kite  rose  in  a wind,  and  when  you  had 
mething  between  a wind  and  a calm,  a combination 
the  two  seemed  to  be  the  right  thing.  When  the 
nd  dropped,  the  balloon  kept  the  kite  up, 
d when  the  wdnd  rose  the  kite  had  a tendency 
keep  the  balloon  up.  His  plan  was  to  have 
balloon  with  a kite  fastened  in  front  of  it  in 
|ch  a ■w'ay  that  the  kite  shielded  the  balloon  from 
le  effect  of  the  wind.  In  fact,  the  late  Mr.  Charles 
bencer  once  told  him  that  he  thought  of  it  as  a 
dloon  shield.  The  balloon  must  not  rise  much 
love  the  kite,  otherwise  the  wind,  being  horizontal, 
buld  have  a tendency  to  pull  the  balloon  away  from 
12  kite,  so  that  the  balloon  must  be  rather  smaller 
I section.  The  fastening  was  effected  by  means  of 

Iaps  from  the  top  of  the  balloon.  It  was  described 
d figured  in  Nature  in  1884. 


Colonel  Allan  Cunningham  said  it  was  rather 
curious  that  the  toys  of  a thousand  years  ago  should 
be  now  utilised  for  military  purposes,  but  it  was  not 
quite  correct  to  say  that  kites  were  only  now*  being 
used  for  the  purpose  of  traction,  because  he  had  read 
of  their  being  used  to  draw  carriages  and  boats  long 
ago.  The  modern  use  of  the  war  balloon  also,  he 
believed,  proceeded  from  a toy.  The  combination  of  the 
two  was  very  interesting,  because  the  captive  balloon 
w'as  at  its  best  in  calm  weather,  and  was  very  different, 
and  indeed  dangerous,  to  use  in  a high  wind,  vvhereas 
a kite  was  difficult  to  use  in  a light  wind,  and  w’as 
at  its  best  in  a strong  wind.  In  the.se  kites  they  saw 
a very  pretty  adaptation  of  means  to  ends — the  shape 
of  the  kite,  the  shape  and  the  disposition  of  the  frame, 
and  the  combination  of  cords.  One  of  the  greatest 
advances  seemed  to  be  in  the  adoption  of  a number  of 
cords,  which  secured  that  great  desideratum,  steadiness. 
He  had  seen  them  flying,  and  those  which  were  high  up 
were  very  steady,  and  even  those  low  down,  probably  in 
consequence  of  these  attachments,  were  fairly  steady 
also.  On  the  other  hand,  the  number  of  cords  intro- 
duced certain  practical  difficulties,  each  point  of  attach- 
ment being  a source  of  weakness,  and  on  each  occasion 
when  he  had  seen  a public  exhibition  something  gave 
way,  either  a cord  or  its  attachment,  and  the  kite  got 
out  of  its  proper  position.  If  there  was  a man  up  in  a 
car  this  might  be  dangerous.  The  exhibition  to  which 
he  referred  was  at  Ipswich,  and  there  was  a very  large 
crowd  present,  which  probably  was  not  favourable  to 
success.  The  kite-balloon  was  also  very  interesting, 
but  he  must  confess  it  was  rather  ugly  to  look  at,  and 
a balloon  being  such  a delicate  object,  he  always  had 
a fear  that  it  might  be  injured  if  anything  gave  way 
in  the  framework  of  the  kite. 

Mr.  W.  F.  Reid  said  he  happened  to  be  present  at 
Ipswich  wffien  the  kites';  went  up,  and  though  there 
was  a little  hitch  at  the  beginning,  he  thought  it  was 
due  to  the  pressure  of  the  crowd,  which  led  to  the 
rope  being  pulled  at  the  wrong  moment.  The 
defect  was  soon  remedied  how’ever,  and  they  went 
up  all  right.  He  had.the  pleasure  of  going  up  about 
100  feet  in  the  basket.  He  thought  the  portability 
of  the  apparatus  had  hardly  been  sufficiently  dwelt 
upon.  On  the  occasion  in  question,  he  saw'  the 
whole  thing  being  taken  into  the  park  on  a coster- 
monger’s barrow.  This  was  a matter  of  great 
importance  for  military  purposes,  and  he  agreed  with 
Mr.  Archibald  in  thinking  it  was  a great  pity  that 
some  of  these  kites  w'ere  not  available  in  the  war  on 
the  Indian  frontier.  One  mule  would  have  been  quite 
sufficient  to  carry  eveiything  necessary  to  enable  our 
brave  soldiers  to  see  what  the  enemy  was  doing.  The 
system  of  double  lines  wdiich  gave  the  pow'er  of  alter- 
ing the  angle  and  adapting  the  position  of  the  kites  to 
the  strength  of  the  wind  was  of  the  gi'eatest  im- 
portance. The  tail,  which  had  constantly  to  be 
added  to  or  shortened,  w'as  always  a nuisance,  and  it 
was  a great  thing  to  get  rid  of  it  altogether.  With 
regard  to  the  lifting  pow’er  not  being  so  great  as 
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theoiy  would  require,  he  found  when  experimenting 
some  years  ago  that  by  making  a hole  in  the  centre  of 
the  kite  you  actually  gained  power  or  pull.  He 
found  that  if  he  made  a centre  hole  and  fastened  the 
sides  with  india  rubber,  which  adapted  itself  to  the 
strength  of  the  wind  to  some  extent,  he  got  very 
favourable  results.  Another  application  which  had 
not  been  mentioned  was  the  saving  of  hfe  at  sea. 
A kite  would  occupy  very  little  space,  and  if  the 
sailors  were  properly  drilled  so  as  to  use  it,  many 
a valuable  life  would  be  saved  when  a ship  got  on  the 
rocks  near  shore.  These  things  were  all  helping 
forward  the  time  when  we  should  be  able  to  navigate 
the  air.  Practically  a kite  of  this  description  was  an 
aeroplane,  and  if  a motor  were  substituted  for  the 
string,  you  would  be  independent  of  the  ground. 
All  the  information  gained  in  these  researches  would 
be  of  great  value  hereafter,  and  would  bring  us  more 
rapidly  to  the  goal  of  aerial  navigation. 

The  Chairman  said  he  was  not  at  all  surprised  at 
Mr.  Reid’s  statements  that  making  a hole  in  the  kite 
improved  it,  and  it  was  satisfactory  to  think  that  if 
kites  were  used  for  warlike  purposes,  and  the  enemy’s 
shot  made  holes  in  them  they  would  fly  all  the  better. 

Captain  Baden-Powell,  in  reply,  said  they  were 
indebted  to  Mr.  Maclure  for  the  loan  of  the  photo- 
gi-aphs  which  had  been  shown,  which  were  taken 
specially  for  his  magazine.  He  had  never  seen  Mr. 
Archibald’s  kite-balloon,  but,  theoretically,  it  seemed 
to  him  that  a kite  and  balloon  combined  had  the  dis- 
advantages of  both.  If  it  were  calm,  the  balloon 
would  go  better  without  the  kite,  and  if  it  were 
windy  the  kite  would  go  better  without  the  balloon. 
He  also,  as  honorary  secretary  of  the  Aeronautical 
Society,  had  received  some  papers  relative  to  the 
conference  at  Strasburg,  and  should  be  glad  to 
furnish  any  infonnation  with  regard  to  it.  He 
agreed  that  Mr.  Marvin’s  pamphlet  was  a valuable 
contribution  to  the  literature  of  this  subject,  but  his 
bigger  book  went  almost  too  deeply  into  theory, 
and  arrived  at  some  conclusions  which  were  hardly 
warranted  by  experience.  His  experiments  were 
almost  confined  to  Hargrave  kites,  and  a few  of  the 
Eddy  shape.  He  recently  had  a letter  from  an  officer 
on  the  Indian  frontier,  in  which  he  said  he  wished  he 
had  some  of  his  kites  out  there,  and  this  was 
rather  interesting  after  the  remarks  which  had 
been  made.  He  had  stated  that  the  model  shown 
was  not  a real  Hargrave  kite;  he  only  brought  it 
to  show  the  general  idea.  As  to  the  crowd  at 
Ipswich,  he  was  glad  to  see  that  the  public  were  so 
much  interested  in  the  matter,  but  must  confess  that 
he  had  the  greatest  difficulty  in  getting  the  people 
to  leave  the  things  alone,  they  were  all  so  anxious  to 
render  assistance  where  it  was  not  wanted.  The 
result  was  he  had  several  mishaps.  There  was  some 
suggestion  about  danger  in  coming  down,  but  he 
always  had  a parachute  fixed  above  the  car,  so  that  in 
case  of  the  cords  breaking,  it  would  come  down 
gently. 


Mr.  Spencer  asked  if  the  fabric  of  the  kite  couU' 
not  be  so  framed  as  to  act  as  a parachute. 

Captain  Baden-Powell  said  that  the  idea  hac 
often  occurred  to  him,  and  he  had  tried  to  arrang(' 
it,  but  was  always  met  with  this  difficulty,  tha 
in  order  to  make  a satisfactory  start  it  \va 
necessary  to  have  the  weight  to  be  lifted  a Ion} 
way  from  the  kite ; the  kite  ought  to  be  about  100  ft 
high  before  it  would  do  any  useful  work  in  lifting,  am 
it  would  introduce  great  complication  to  work  a para 
chute  at  that  distance.  He  hoped  many  people  woul 
take  up  this  subject  and  work  at  it ; it  was  not  onl 
useful,  but  formed  a very  interesting  amusement.  H 
had  even  heard  it  said  that  it  was  better  than  golf. 

The  Chairman  then  proposed  a cordial  vote  ( 
thanks  to  Captain  Baden-Powell,  which  was  carrie 
unanimously,  and  the  meeting  adjourned. 


Miscellaneous. 


THE  PRESER  VA  TION  OF  EGGS. 

The  United  States  Commercial  Agent  at  Freibu; 
has  recently  reported  the  results  of  certain  expei 
ments  made  for  the  purpose  of  securing  the  mo 
rational  method  of  preserving  eggs.  Twenty  methoi 
were  selected  for  these  experiments,  and  400  eg; 
were  prepared  according  to  these  methods  (twen 
eggs  for  each  method),  to  be  opened  at  the  expiratu 
of  eight  months.  Of  course  a most  essential  poi 
for  the  success  of  preservation  is  that  only  really  fre 
eggs  be  employed.  As  the  most  infallible  means 
ascertaining  the  age  of  the  eggs,  the  experimental; 
designated  the  specific  weight  of  the  same.  Wi 
fresh  eggs  it  is  from  1*0784  to  1*0942.  If  the  eg! 
were  put  into  a solution  of  120  grammes  (4*23  oz; 
of  common  salt  in  I litre  (1*76  imp.  pint)  of  watf 
the  specific  weight  of  wdiich  solution  is  i*073>  1 

eggs  that  swim  on  this  liquid  weigh  less,  and  co| 
sequently  are  not  fresh.  Only  those  eggs  that  sh 
should  be  used  for  preservation.  When,  after  eigj 
months  of  preservation,  the  eggs  were  opened  for  u. 
the  twenty  different  methods  employed  gave  the  m> 
heterogenous  results:— (i)  Eggs  placed  for  presen 
tion  in  salt  water  were  all  bad  (not  rotten,  but  u| 
eatable,  the  salt  having  penetrated  into  the  egg. 
(2)  Eggs  wrapped  in  paper,  80  per  cent.  bad. 
Eggs  preserved  in  a solution  of  salicylic  acid  a. 
glycerine,  80  per  cent  bad.  (4)  Eggs  rubbed  w. 
salt,  70  per  cent.  bad.  (5)  Eggs  preser\*ed  in  hn\ 
70  per  cent.  bad.  (6)  Eggs  provided  with  a cover 
paraffine,  70  per  cent.  bad.  (7)  Eggs  varnished  w 
a solution  of  glycerine  and  salicylic  acid,  70  per  cej 
bad.  (8)  Eggs  put  in  boiling  water  for  12  to  ; 
seconds,  50  per  cent.  bad.  (9)  Eggs  treated  with 
solution  of  alum,  50  per  cent.  bad.  (10)  Eggs  put  ^ 
I a solution  of  salicylic  acid,  50  per  cent.  bad.  ( . 
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S varnished  with  water  glass  {wasserglas),  40  per 
. bad.  (i2)  Eggs  varnished  with  collodion,  40 
cent.  bad.  (13)  Eggs  covered  with  lac,  40  per 
bad.  (14)  Eggs  varnished  with  various  mix- 
s,  20  per  cent.  bad.  (15)  Eggs  preser^'ed  in 
•s  of  wood,  20  per  cent.  bad.  (16)  Eggs  treated 
I boric  acid  and  water  glass,  20  per  cent.  bad. 
Eggs  treated  with  potassium  manganate,  20  per 
bad.  (18)  Eggs  varnished  with  vaseline,  all 
1.  (19)  Eggs  preserved  in  lime  water,  all  good. 

Eggs  preserved  in  a solution  of  water  glass,  all 
il.  The  last  three  methods  are  consequently  to 
;onsidered  the  best  ones,  and  especially  the 
er\^ation  in  a solution  of  water  glass,  as  varnishing 
eggs  with  vaseline  takes  too  much  time,  and  the 
.inentwith  lime  water  sometimes  communicates 
le  eggs  a disagreeable  odour  and  taste.  There  is 
, however,  to  be  one  drawback  with  eggs  pre- 
ed  in  a solution  of  water  glass,  namely,  that  the 
I easily  bursts  in  boiling  w^ater.  This  may  be 
ded  by  carefully  piercing  the  shell  with  a strong 
lie. 


General  Notes. 


RAFFic  IN  THE  SuEZ  Canal. — The  number  of 
els  which  passed  through  the  Suez  Canal  during  the 
ve  months  ending  December  31  last  w^as  2,986,  as 
pared  with  3,409  in  1896,  and  3,434  in  1895. 
receipts  show  a corresponding  falling  off — having 
unted  to  72,836,830  fr.  in  1897,  as  compared  with 
69,994  1896,  and  78,103,718  fr.  in  1895. 


MEETINGS  OF  THE  SOCIETY, 

Ordinary  Meetings. 

/ednesday  Evenings,  at  8 o’clock: — 

ARCH  9. — “Linde’s  Method  of  Producing  Ex- 
e Cold  and  Liquefying  Air.”  By  Professor  J. 
Ewing,  F.R.S.  Professor  James  Dewar, 
D.,  F.R.S. , wall  preside. 

ARCH  16. — “ The  Recent  History  of  Paper- 
iling.”  By  Clayton  Beadle. 

ARCH  23. — “ The  Preparation  of  Meat  Extracts.” 
k R.  Valentine. 

ARCH  30. — “ Telegraphy  Across  Space.”  By 
lassor  SiLVANUS  P.  Thompson,  F.R.S.  J.  W. 
VN,  F.R.S.,  will  preside, 
ates  to  be  hereafter  announced  : — 
jStage  Mechanism.”  By  Edwin  O.  Sachs. 
jVater  Gas  and  its  Appliances.”  By  Professor 
Ian  Lewes. 

I . 

I Indian  Section. 

Aursday  Afternoons,  at  4.30  o’clock  : — 
ARCH  10. — “India  and  Sir  Henry  Maine.” 
:j'HARLES  Lewis  Tupper,  C.S.I.  The  Right 
Sir  Mountstuart  Elphinstone  Grant 
>|F,  G.C.S.L,  F.R.S.,  will  preside. 


March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S.  The  Right 
Hon.  Sir  Henry  Fowler,  G.C.S.I.,  M.P.,  will 
preside. 

April  21. — “Recent  Railway  Policy  in  India.” 
By  Horace  Bell,  M.Inst.,  C.E. 

The  paper  by  Mr.  Karkaria  previously  an- 
nounced has  been  unavoidably  postponed. 

April  28. — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 

The  meeting  of  March  31  will  be  held  at 
the  Imperial  Institute  ; those  of  March  10, 
April  21,  April  28,  and  May  19  at  the  Society 
of  Arts. 


Foreign  and  Colonial  Section. 
Tuesday  Afternoons,  at  4.30  o’clock  : — 
March  15. — “The  West  Indies  and  Sugar 
Bounties.”  By  Nevile  Lubbock. 

Date  to  be  hereafter  announced  : — 

“The  African  : what  he  is,  and  w'hat  he  is  capable 
of  becoming.”  By  the  Rev.  Godfrey  Dale  (Uni- 
versities Mission  to  Central  Africa). 


Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock  : — 
March  8. — “ The  Making  of  a Stained  Glass 
Window.”  By  Lewis  Foreman  Day.  Walter 
Crane  will  preside. 

March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B. 

April  26. — “ The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  10. — “The  Art  of  William  Morris.”  By  F. 
S.  Ellis. 

May  17. — “Practical  Points  in  Italian  Majolica 
Painting.”  By  William  Burton,  F.C.S. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Hugh  Stannus,  “The  Principles  of  Design 
in  Form.”  Four  Lectures. 

Lecture  IV. — March  7. — Simplicity,  Reticence, 
Unity,  &c. 

Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.  ’ ’ 
Three  Lectures. 

Lecture  I. — March  14. 

Introduction  and  historical  notes — The  description 
and  chemical  technology  of  the  process — Plant  used 
— Modified  forms  of  converters — Fixed  and  moveable 
vessels — Side-blown  and  bottom-blown  charges — 
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Recent  modifications,  as  the  Robert,  Tropenas,  and 
Walrand-Legenisel  processes — Evolution  of  heat 
during  the  “blow.” 

Lecture  II. — March  21. 

The  course  of  chemical  change  in  the  “blow” — 
Thermo-chemical  data — Thermo-chemical  data  in  their 
application  to  metallurgical  operations — Assumed  com- 
position of  pig-iron  — Calculations  applied  to  the 
“acid”  and  the  “basic”  processes — Other  calcula- 
tions— Temperature  of  the  metal — The  study  of  the 
Bessemer  flame  and  its  spectrum. 

Lecture  III. — March  28. 

The  “ acid  ” process — Variations  in  the  flame  and 
spectrum  during  the  different  periods  of  the  “blow  ” 
— Variations  in  temperature  during  successive  intervals 
in  the  “boil”  and  “fining”  stages — The  “basic” 
process — Differences  in  the  flame  and  the  spectrum — 
Marked  difference  in  the  flame  of  the  “ over-blow  ”— 
Substances  discovered  in  the  flame  traced  from  the 
Lasic  charge  to  the  ore. 

Dr.  D.  Morris,  C.M.G.,  “ India  Rubber.” 
Two  Lectures. 

April  18,  25. 

Prof.  Carus  Wilson,  “ Electric  Traction.” 
Four  Lectures. 

May  2,  9,  16,  23. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

ZMonday,  March  7 ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)-  Mr. 
Hugh  Stannus,  “The  Principles  of  Design  in 
Form.”  (Lecture  IV.) 

Royal  Institution,  Albemarle- street,  W.,  5 p-m. 

General  Monthly  Meeting. 

Engineers,  in  the  Theatre  of  the  United  Service 
Institution,  Whitehall,  S.W.,  7^  p.m.  Mr.  William 
Fox,  “ Reservoir  Embankments,  with  suggestions 
for  avoiding  and  remedying  failures.” 

Emperial  Institute,  South  Kensington,  p.m.  Mr. 
J.  H.  Collins,  “ The  Mineral  and  other  Resources 
of  Newfoundland.” 

.'Surveyors,  Savoy  - street.  Strand,  W.C.,  8 p.m. 
Mr.  W.  Irvine,  “ Land  Survey  and  Valuation  in 
Northern  India.” 

.Sanitary  Institute,  74A,  Margaret- street,  W.,  8 p.m. 

Prof.  A.  Bostock  Hill,  “ Trade  Nuisances.” 
Camera  Club,  Charing-cross-road,  W.C.,  8J  p.m. 

Mr.  Clinton  Dent,  “ On  the  Caucasus.” 

Medical,  ii,  Chandos-street,  W.,  8J  p.m. 

Victoria  Institute,  8,  Adelphi- terrace,  W.C.,  4^  p.m. 
Mr.  Gerrard  Smith,  “The  Design  of  the  Human 
Foot.” 

Tuesday,  March  8.. .SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Applied  Art  Section.) 
Mr.  Lewis  Foreman  Day,  “The  Making  of  a 
Stained  Glass  Window.” 

Royal  Institution,  Albemarle- street,  W.,  3 p.m. 
Prof.  E.  Ray  Lankester,  “The  Simplest  Living 
Thing.”  (Lecture  VIII.) 

Medical  and  Chirurgical,  20,  Hanover- square,  W., 
8|  p.m. 

Civil  Engineers,  25,  Great  George- street,  S.W., 
8 p.m.  I.  Papers  to  be  further  discussed  \—{a) 


Mr.  Llewelyn  B.  Atkinson,  “The  Theory,  Desig 
and  Practical  Working  of  Alternate  - Curre 
Motors  ; ” [b]  Mr.  H.  F.  Parshall,  “ Dublin  Electi! 
Tramway.”  2.  Mr.  Henry  Fowler,  “ Calciu, 
Carbide  and  Acetylene.” 

Photographic,  12,  Hanover-square,  W.,  8 p.m.  l^j 
A.  Haddon,  “The  Passage  of  a few  of  the  Sa 
used  in  Photography  through  Gelatine  Septa.” 
Anthropological,  3,  Hanover-square,  W.,  8J  p.m. 
Colonial  Inst.,  Whitehall -rooms,  Whitehall-plac' 
S.W.,  8 p.m.  Mr.  George  Carrington,  “ Our  W< 
Indian  Colonies.” 

Asiatic,  22,  Albeniarle-street,  W.,  4 p.m. 
Pharmaceutical,  17,  Bloomsbury-square,  W.C.,8  p. 
Designers,  Clifford’s  Inn,  E.C  ,8pm.  Mr.  S.  ’ 
Proverbs,  “ Design  for  Wall  Papers.” 
Wednesday,  March  9... SOCIETY  OF  ARTS,  John- stre 
Adelphi,  W.C.,  8 p.m.  Prof.  J.  Ewing,  “ Lind 
Method  of  Producing  Extreme  Cold  and  Lique: 
ing  Air.” 

Geological,  Burlington-house,  W.,  8 p.m. 

Sanitary  Institute.  74A,  Margaret-street,  W.,  8 p. 

Dr.  Christopher  Child,  “Water-Borne  Tjphoid 
Royal  Literary  Fund,  7,  Adelphi-terrace,  W.t 
3 p.m.  Annual  Meeting. 

Royal  Society  of  Literature,  20,  Hanover-squa 
W.,  I p.m. 

Junior  Engineers,  9,  Conduit-street,  W.,  7I  p 
Joint  Meeting  with  the  Architectural  Associati 
Messrs.  Sydney  Beale  and  Percy  Waldram,  “ J 
Desirability  for  Closer  Relationship  between 
Architect  and  the  Engineer.” 

Thursday,  March  10  . SOCIETY  OF  ARTS,  John-stn 
Adelphi,  W.C.,  8 p.m.  (Indian  Section.)  Char 
Lewis  Tupper,  “ India  and  Sir  Henry  Maine.” 
Royal,  Burlington-house,  W.,  4^  p.m. 
Antiquaries,  Burlington-house,  W.,  8J  p.m. 

United  Service  Institution,  Whitehall,  S.W.,  3 p 
Captain  W.  H.  James,  “ The  Nation  and 
Army.” 

Society  for  the  Encouragement  of  Fine  Arts,  C 
versazione  at  the  Royal  Institution  of  Painters 
Watercolours,  Piccadilly,  8 p.m 
Sanitary  Inst.,  74^-,  Margaret-street,  W.,  8 p 
Dr.  J.  F.  J.  Sykes,  “Objects  and  Methods 
Inspection,  &c. 

Royal  Institution,  Albemarle-street,  W.,  3 P 
Prof.  J.  A.  Fleming,  “Recent  Researches 
Magnetism  and  Diamagnetism.”  (Lecture  II.' 
Electrical  Engineers,  25,  Great  George-street,  S.  . 
8 p.m.  Discussion  on  Mr.  Binswanger-Biri 
paper,  “The  Manufacture  of  Lamp  and  of 
Apparatus  for  200  Volt  Circuits.” 
Mathematical,  22,  Albemarle-street,  W.,  8 p m. 
Camera  Club,  Charing-cross-road,  W.C.,  8J  pi- 

Friday,  March  n....Royal  Institution,  Albemarle-street, 

8 p.m.  Weekly  Meeting.  9 p.m.  Mr.  W.  Fre  1 
Lord,  “Marked  Unexplored.” 

Civil  Engineers,  25,  Great  George-street,  S.W  1 
p.m.  (Students’  Meeting.)  Mr.  H.^  C.  Ada. 
“The  Drainage  of  Cottage  Property.” 
Astronomical,  Burlington-house,  W.,  3 P-m.  ^ 
Clinical,  20,  Hanover-square,  W.,  8J  p.m.  ; 

Physical,  Chemical  Society’s  Rooms,  BurlingU 
house,  W.,  5 p.m.  i.  Prof.  J.  D.  Everett, 
namical  Illustrations  of  certain  Optical  1* 
nomena.”  2.  Mr.  R.  A.  Lehfeldt,  “ Propertied 
Liquid  Mixtures.” 

Saturday,  March  12. ..Botanic,  Inner  Circle,  Regent  s-p  > 
N.W.,3lP-m. 

Royal  Institution,  Albemarle-street,  i j 

Prof.  Walter  Raleigh,  “ English  Letter  Write^ 

, (Lecture  II.)  I 
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jumal  of  if)t  SocUta  of 

No.  2,364.  VoL.  XLVI. 

♦ 

FRIDAY,  MARCH  ii,  1898. 


commutticaitons  for  the  Society  should  be  addressed  to 
*.he  Secretary,  John-sireet,  Adelphi,  London,  JV.C. 


Notices. 


CANTOR  LECTURES. 

he  fourth  (and  last)  lecture  of  his  course 
"The  Principles  of  Design  in  Form”  was 
vered  by  Mr.  Hugh  Stannus,  F.R.I.B.A., 
Monday  evening,  7th  inst.  A vote  of  thanks 
he  lecturer  was  passed  on  the  motion  of  the 
AIRMAN. 

he  lectures  will  be  printed  in  the  Journal 
ing  the  summer  recess. 


APPLIED  ART  SECTION. 

uesday,  March  8,  1898  ; Walter  Crane 
he  chair. 

he  paper  read  was  “ The  Making  of  a 
ned  Glass  Window.”  By  Lewis  Foreman 

he  report  of  the  meeting  will  be  published 
le  number  of  the  Journal  for  March  25th. 


THE  ALBERT  MEDAL. 

he  Council  will  proceed  to  consider  the 
rd  of  the  Albert  Medal  for  1898  early  in 
' next,  and  they,  therefore,  invite  members 
le  Society  to  forw^ard  to  the  Secretary,  on 
efore  the  9th  of  April,  the  names  of  such 
of  high  distinction  as  they  may  think 
hy  of  this  honour.  The  medal  was  struck 
'“Ward  “distinguished  merit  for  promoting 
, Manufactures,  or  Commerce,”  and  has 
ii  awarded  as  follows  in  previous  years  : — 

1864,  to  Sir  Rowland  Hill,  K.C.B.,  F.R.S., 
his  great  services  to  Arts,  Manufactures,  and 
nerce,  in  the  creation  of  the  penny  postage,  and 
liis  other  reforms  in  the  postal  system  of  this 
ry,  the  benefits  of  which  have,  however,  not 
confined  to  this  country,  but  have  extended  over 
vilised  world.” 


In  1865,  to  his  Imperial  Majesty,  Napoleon  III., 
“ for  distinguished  merit  in  promoting,  in  many  ways, 
by  his  personal  exertions,  the  international  progress 
of  Arts,  Manufactures,  and  Commerce,  the  proofs  of 
which  are  afforded  by  his  judicious  patronage  of  Art, 
his  enlightened  commercial  policy,  and  especially  by 
the  abolition  of  passports  in  favour  of  British  sub- 
jects.” 

In  1866,  to  Michael  Faraday,  D.C.L.,  F.R..S., 
“ for  discoveries  in  electricity,  magnetism,  and 
chemistry,  which,  in  their  relation  to  the  industries 
of  the  world,  have  so  largely  promoted  Arts,  Manu- 
factures, and  Commerce.” 

In  1867,  to  Mr.  (afterwards  Sir)  W.  Fothergill 
Cooke  and  Professor  (afterw'ards  Sir)  Charles  WTieat- 
stone,  F.R.S.,  “in  recognition  of  their  joint  labours 
in  establishing  the  first  electric  telegraph.” 

In  1868,  to  Mr.  (afterwards  Sir)  Joseph  Whitworth, 
LL.D.,  F.R.S.,  “for  the  invention  and  manufacture 
of  instruments  of  measurement  and  uniform  standards 
by  which  the  production  of  machinery  has  been 
brought  to  a state  of  perfection  hitherto  unap- 
proached, to  the  great  advancement  of  Arts,  Manu- 
factures, and  Commerce.” 

In  1868,  to  Baron  Justus  von  Liebig,  Associate  of 
the  Institute  of  France,  For.  Memb.  R..S.,  Chevalier 
of  the  Legion  of  Honour,  &c.,  “for  his  numerous 
valuable  researches  and  writings,  which  have  con- 
tributed most  importantly  to  the  development  of 
food  economy  and  agriculture,  to  the  advancement 
of  chemical  science,  and  to  the  benefits  derived  from 
that  science  by  Arts,  Manufactures,  and  Commerce.” 
In  1870,  to  Vicomte  Ferdinand  de  Lesseps, 
Member  of  the  Institute  of  France,  Hon.  G.C.S.I., 
“ for  services  rendered  to  Arts,  Manufactures,  and 
Commerce,  by  the  realisation  of  the  Suez  Canal.” 

In  1871,  to  Mr.  (afterwards  Sir)  Henry  Cole, 
K.C.B.,  “for  his  important  services  in  promoting 
Arts,  Manufactures,  and  Commerce,  especially  in 
aiding  the  establishment  and  development  of  Inter- 
national Exhibitions,  the  Department  of  Science  and 
Art,  and  the  South  Kensington  Museum.” 

In  1872,  to  Mr.  (now  Sir)  Henry  Bessemer,  F.R.S., 
“ for  the  eminent  services  rendered  by  him  to  Arts, 
Manufactures,  and  Commerce,  in  developing  the 
manufacture  of  steel.” 

In  1873,  to  Michel  Eugene  Chevreul,  For.  Memb. 
R.S.,  Member  of  the  Institute  of  France,  “ for  his 
chemical  researches,  especially  in  reference  to  saponi- 
fication, dyeing,  agriculture,  and  natural  history,  which 
for  more  than  half  a century  have  exercised  a wide 
influence  on  the  industrial  arts  of  the  world.” 

In  1874,  to  Mr.  (afterwards  Sir)  C.  W.  Siemens, 
D.C.L.,  F.R.S.,  “ for  his  researches  in  connection 
with  the  laws  of  heat,  and  the  practical  applications 
of  them  to  furnaces  used  in  the  Arts;  and  for  his 
improvement  in  the  manufacture  of  iron  ; and  gener- 
ally for  the  services  rendered  by  him  in  connection 
with  economisation  of  fuel  in  its  various  applications 
to  Manufactures  and  the  Arts.” 

In  1875,  to  Michel  Chevalier,  “ the  distinguished 


374 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


\_March  ii,  i8f 


Frencli  statesman,  who,  by  his  writings  and  persistent 
exertions,  extending  over  many  years,  has  rendered 
essential  services  in  promoting  Arts,  Manufactures, 
and  Commerce.” 

In  1876,  to  Sir  George  B.  Airy,  K.C.B.,  F.R.S., 
late  Astronomer  Royal,  “ for  eminent  senices 
rendered  to  Commerce  by  his  researches  in  nautical 
astronomy  and  in  magnetism,  and  by  his  improve- 
ments in  the  application  of  the  mariner’s  compass  to 
the  navigation  of  iron  ships.” 

In  1877,  to  Jean  Baptiste  Dumas,  For.  Memb.  R.S., 
Member  of  the  Institute  of  France,  “ the  distinguished 
chemist,  whose  researches  have  exercised  a very 
material  influence  on  the  advancement  of  the 
Industrial  Arts.” 

In  1878,  to  Sir  Wm.  G.  Armstrong  (now  Lord 
Armstrong),  C.B.,  D.C.L.,  F.R.S.,  “ beeause  of  his 
distinction  as  an  engineer  and  as  a seientific  man, 
and  because  by  the  development  of  the  transmission 
of  power — hydraulically — due  to  his  constant  efforts, 
extending  over  many  years,  the  manufactures  of  this 
country  have  been  greatly  aided,  and  meehanical 
power  beneficially  substituted  for  most  laborious  and 
injurious  labour.” 

In  1879,  to  Sir  William  Thomson  (now  Lord 
Kelvin),  LL.D.,  D.C.L.,  F.R.S.,  “ on  aecount  of 
he  gnal  service  rendered  to  Arts,  Manufactures, 
and  Commerce,  by  his  electrical  researches,  especially 
with  reference  to  the  transmission  of  telegraphic 
messages  over  ocean  cables.” 

In  1880,  to  James  Prescott  Joule,  LL.D.,  D.C.L., 
F.R.S.,  “ for  ha\dng  established,  after  most  laborious 
research,  the  true  relation  between  heat,  electricity, 
and  mechanical  work,  thus  affording  to  the  engineer 
a sure  guide  in  the  application  of  science  to  industrial 
pursuits.” 

In  1881,  to  August  Wilhelm  Hofmann,  M.D., 
LL.D.,  F.R.S.,  Professor  of  Chemistry  in  the 
University  of  Berlin,  “ for  eminent  seiwices  rendered 
to  the  Industrial  Arts  by  his  investigations  in  organic 
chemistry,  and  for  his  successful  labour  in  promoting 
the  cultivation  of  chemical  education  and  research  in 
England.” 

In  1882,  to  Louis  Pasteur,  Member  of  the  Institute 
of  France,  For.  Memb.  R.S.,  “for  his  researches  in 
connection  with  fermentation,  the  preservation  of 
wines,  and  the  propagation  of  zymotic  diseases  in 
silkworms  and  domestic  animals,  whereby  the  arts 
of  wine-making,  silk  production,  and  agriculture 
have  been  greatly  benefited.” 

In  1883,  to  Sir  Joseph  Dalton  Hooker,  K.C.S.I., 
C.B.,  M.D.,  D.C.L.,  LL.D.,  F.R.S.,  “for  the 
eminent  serviees  which,  as  a botanist  and  scientific 
traveller,  and  as  Director  of  the  National  Botanical 
Department,  he  has  rendered  to  the  Arts,  Manu- 
factures, and  Commerce  by  promoting  an  accurate 
knowledge  of  the  floras  and  economic  vegetable 
products  of  the  several  colonies  and  dependencies  of 
the  Empire.” 

In  1884,  to  Captain  James  Buchanan  Eads,  “the 
distinguished  American  engineer,  whose  works  have 


been  of  such  great  service  in  improving  the  w 
communications  of  North  America,  and  have  thei 
rendered  valuable  aid  to  the  commerce  of 
world.” 

In  1885,  to  Mr.  (afterwards  Sir)  Henry  Doulton, 
recognition  of  the  impulse  given  by  him  to  the  ] 
duetion  of  artistic  pottery  in  this  country.” 

In  1886,  to  Samuel  Cunliffe  Lister  (now  L 
Masham),  “ for  the  services  he  has  rendered  to 
textile  industries,  especially  by  the  substitution 
mechanical  wool  combing  for  hand  combing,  anc 
the  introduction  and  development  of  a new  indu 
— the  utilisation  of  waste  silk.” 

In  1887,  to  Her  Majesty  the  Queen,  “ in  o 
memoration  of  the  progi'ess  of  Arts,  Manufactu 
and  Commerce  throughout  the  Empire  during 
fifty  years  of  her  reign.” 

In  1888,  to  Professor  Herman  Louis  Helmhc 
For.  Memb.R.S.,  “in  reeognition  of  the  value 
his  researches  in  various  branches  of  science  anc 
their  practical  results  upon  music,  painting,  and 
useful  arts.” 

In  1889,  to  John  Percy,  LL.D.,  F.R.S.,  “for 
achievements  in  promoting  the  Arts,  Manufactu 
and  Commerce,  through  the  world-wide  influe 
which  his  researches  and  writings  have  had  upon 
progress  of  the  seience  and  practiee  of  metallurgy. 

In  1890,  to  William  Henry  Perkin,  F.R.S.,  ‘ 
his  discovery  of  the  method  of  obtaining  coloui 
matter  from  coal  tar,  a discovery  which  led  to 
establishment  of  a new  and  important  industry, 
to  the  utilisation  of  large  quantities  of  a previo' 
worthless  material.” 

In  1891,  to  Sir  Frederiek  Abel,  Bart.,  K.C 
D.C.L.,  D.Sc.,  F.R.S  , “in  reeognition  of  the  mar 
in  whieh  he  has  promoted  several  important  cla 
of  the  Arts  and  Manufaetures,  by  the  applicatior 
Chemical  Science,  and  especially  by  his  researc 
in  the  manufacture  of  irom  and  of  steel  ; and 
in  acknowledgment  of  the  great  sersices  he 
rendered  to  the  State  in  the  provision  of  irnpro 
war  material,  and  as  Chemist  to  the  War  Dep 
ment.” 

In  1892,  to  Thomas  Alva  Edison,  “inrecogni 
of  the  merits  of  his  numerous  and  valuable  inventic 
especially  his  improvements  in  telegraphy,  in  t 
phony,  and  in  electric  lighting,  and  for  his  disco\ 
of  a means  of  reproducing  vocal  sounds  by  the  phe 
graph.” 

In  1893,  to  Sir  John  Bennet  Lawes,  Bart.,F.R 
and  Sir  Henry  Gilbert,  Ph.D.,  F.R.S.,  “fort 
joint  services  to  scientific  agriculture,  and  notably 
the  researches  which,  throughout  a period  of  1 
years,  have  been  carried  on  by  them  at  the  Exp 
mental  Farm,  Rothamsted.” 

In  1894,  to  Sir  Joseph  (now  Lord)  Lister,  F.R 
“ for  the  discovery  and  establishment  of  the  antisej 
method  of  treating  wounds  and  injuries  by  which 
only  has  the  art  of  surgery  being  generally  promol 
and  human  life  saved  in  all  parts  of  the  world, 
extensive  industries  have  been  created  for  the  sup 
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jf  materials  required  for  carrying  the  treatment  into 
effect.” 

In  1895,  to  Sir  Isaac  Lowthian  Bell,  Bart.,  F.R..S., 
‘ in  recognition  of  the  ser^^ees  he  has  rendered  to 
i\rts.  Manufactures,  and  Commerce  by  his  metal- 
urgical  researches  and  the  resulting  development  of 
he  iron  and  steel  industries.” 

In  1896,  to  Prof.  David  Edward  Hughes,  F.R.S., 
in  recognition  of  the  services  he  has  rendered  to 
\rts.  Manufactures,  and  Commerce,  by  his  numerous 
nventions  in  electricity  and  magnetism,  especially 
he  j)rinting  telegraph  and  the  microphone.” 

In  1897,  to  George  James  Symons,  F.R.S.,  “ for 
he  .services  he  has  rendered  to  the  United  Kingdom 
>y  afibrding  to  engineers  engaged  in  the  water 
u|)j)ly  and  the  sewage  of  towns  a trustworthy  basis 
jr  their  work,  by  establishing  and  carrying  on 
iiring  nearly  forty  years  systematic  observations 
low  at  over  3,000  stations)  of  the  rainfall  of  the 
'.ritish  Isles,  and  by  recording,  tabulating,  and 
rajihically  indicating  the  results  of  these  observa- 
ons  in  the  annual  volumes  published  by  himself.” 

The  Council  invite  Members  of  the  Society 
) forward  to  the  Secretary,  on  or  before  the 
Slh  of  April,  the  names  of  such  men  of  high 
istinction  as  they  may  think  worthy  of  this 
onour. 


Proceedings  of  the  Society. 

♦ 

THIRTEENTH  ORDINARY 
MEETING. 

Wednesday,  March  2,  1898  ; Prof.  James 
LWAR,  LL.D.,  F.R.S.,  Pres.  Chem.  Soc.,  in 
j chair. 

The  following  candidates  were  proposed  for 
ction  as  members  of  the  Society  : — 

1,  Horace,  28,  Victoria-street,  S.W. 

bree,  Harry  Hankey,  34,  De  Vere  - gardens, 

Kensington,  W. 

The  following  candidates  were  balloted  for 
i duly  elected  Members  of  the  Society 

i ce.  Major  Robert  N.  D.,  Messrs.  Vickers,  Sons 
nd  Maxim,  Limited,  Sheffield, 
aper,  John  Duncan  Campbell,  B.A.,  80,  Grosvenor- 
, reet,  W. 

ggs,  C.  H.,  Elm-tree-house,  Macaulay  - road, 
ilapham,  S.W. 

ins,  P.  F.  Sparke,  J.P.,  Trinmore,  Clifton  Down, 

^ ristol. 

j field,  Frederick  N.,  P.O.  Box  211,  Durban, 
'atal,  S.  Africa. 

1 onjee,  Nowrojee,  Ahmedabad,  India. 


Remington,  John  Stewart,  Dromore,  Milverton, 

Leamington. 

Worth,  Frederick  Gouner,  63,  Queen  Victoria-street, 

E.C. 

The  paper  read  was — 

LINDE’S  METHOD  OF  PRODUCING 
EXTREME  COLD  AND  LIQUEFYING 
AIR. 

By  Prof.  J.  A.  Ewixo,  F.R.S.,  M.Ixsx.C.E. 

In  May,  1895,  Dr.  Carl  Linde,  of  Munich, 
whose  earlier  services  to  refrigeration  in  the 
development  of  the  ammonia  compression 
machine  are  widely  known,  made  public  a 
novel  process  which  he  had  invented  for 
attaining  extremely  low  temperatures  and  for 
liquefying  air.  By  his  method  the  production 
of  liquid  air  is  so  much  simplified  that  its 
application  to  industrial  uses  is  comparatively 
easy.  Industrial  uses  are  in  fact  now  being 
found  for  the  process,  and  at  Dr.  Linde’s 
request  I have  undertaken  to  bring  it  before 
the  Society  of  Arts  and  to  speak  briefly  of  the 
applications  to  which  it  is  now  being  or  about 
to  be  put.  The  inventor’s  son.  Dr.  F.  Linde, 
has  come  from  Munich  to  exhibit  the  apparatus 
in  action. 

From  the  industrial  point  of  view  the  lique- 
faction of  air  is  likely  to  prove  valuable  mainly 
because  it  gives  a means  of  separating  more 
or  less  completely  the  oxygen  of  the  atmosphere 
from  its  associated  nitrogen.  \Vhen  air  is 
liquefied  it  is  noticed,  as  Professor  Dewar  has 
remarked,  that  both  constituents  liquefy  to- 
gether, so  that  the  act  of  becoming  liquid  does 
not  contribute  to  separate  them.  But  when 
liquefied  air  evaporates,  the  nitrogen  evaporates 
faster  than  the  oxygen,  for  it  boils  at  a tempera- 
ture which  is  about  13°  C.  lower  than  the  boiling 
point  of  oxygen.  Hence  the  mixture  of  liquefied 
gases  becomes  richer  and  richer  in  oxygen  as 
the  process  of  evaporation  goes  on.  By  letting 
a considerable  part  of  the  liquid  evaporate,  a 
liquid  remainder  is  left  which  may  consist 
largely  of  oxygen  ; and  by  letting  this  remainder 
evaporate  an  atmosphere  rich  in  oxygen  is 
obtained. 

Dr.  Linde  has  given  me  the  following 
figures,  deduced  from  his  own  experiments, 
which  show  how  the  constitution  of  the  liquid 
changes  during  slow  evaporation.  In  the 
Table  m is  the  per-centage  of  the  whole  liquid 
which  remains  at  each  stage  in  the  evapora- 
tion ; a is  the  per-centage  of  oxygen  in  it ; d is 
the  per-centage  of  oxygen  in  the  vapour  then 
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coming  off,  and  n is  the  per-centage  of  the 
original  quantity  of  oxygen  which  still  remains 
in  the  liquid. 


m 

Per  Cent,  of 
Liquid  not  yet 
Evaporated. 

a 

Per  Cent,  of 
Oxygen  in 
Liquid. 

b 

Per  Cent,  of 
Oxygen  in 
Vapour 
coming  off. 

n 

Per  Cent,  of 
Original  Oxygen 
still  in  Liquid. 

100 

23'I 

7‘5 

100 

50 

37'5 

15 

80 

30 

50 

23 

65 

20 

60 

34 

52 

15 

67'5 

42 

43 

10 

77 

52 

33 

5 

88 

70 

19 

These  results  are  also  given  in  the  curves  of 

Fig.  I. 


separating  oxygen  from  nitrogen  is  carried  (jt 
on  a commercial  scale,  the  evaporation  can.'t 
well  take  place  so  quietly  as  it  took  placeji 
these  experiments.  Dr.  Linde  tells  me  1 1 
when  working  under  practical  conditions  je 
has  to  allow  about  four-fifths  of  the  liql 
to  evaporate  in  order  that  the  residue  sl:l 
contain  50  per  cent,  of  oxygen.  Even  th  , 
however,  some  40  to  45  per  cent,  of  the  origi  1 
oxygen  remains  in  the  unevaporated  liquid. 

Before  going  on  to  speak  of  the  uses  0 
which  the  oxygen  procured  in  this  way  n,y 
be  put,  the  process  itself  must  be  describ  . 
In  all  methods  of  liquefying  a gas  the  f t 
essential  is  to  reach  a temperature  lower  tin 
the  critical  temperature  of  the  gas.  For  r 
this  temperature  is  about  —140°  C.  Sue!  a 


Fig. 

Thus,  for  example,  by  the  time  70  per  cent, 
of  the  liquid  has  disappeared  in  quiet  evapora- 
tion, the  remainder  (viz,,  30  per  cent.)  contains 
50  per  cent,  of  oxygen.  The  gas  then  coming 
off  contains  23  per  cent,  of  oxygen.  And  out 
of  the  whole  quantity  of  oxygen  which  was 
present  in  the  original  liquid  65  per  cent,  is 
still  there.  I understand  these  figures  were 
obtained  by  examining  the  proportion  present 
in  the  gas  given  off  at  each  stage  : in  other 
words,  the  points  in  the  curve  b were  found 
by  experiment,  and  the  other  quantities  were 
deduced  by  calculation  from  these. 

It  is  only  when  evaporation  is  going  on  very 
quietly  that  these  results  hold  good.  Anything 
like  violent  boiling  has  the  effect  of  carrying 
off  the  oxygen  more  rapidly,  and  consequently 
of  preventing,  to  some  extent,  the  enrichment 
of  the  residual  liquid.  When  this  method  of 


r. 

temperature,  or  one  still  lower,  maybe  reac  d 
by  evaporating  liquid  ethylene  in  vacuo,  d 
hence  air  maybe  liquefied  by  compressin  it 
into  a surface  condenser,  which  is  coolediy 
the  evaporation  of  liquid  ethylene,  while  e 
vapour  of  the  ethylene  is  removed  by  a pun. 
A separate  compressing  pump  restores  ,e 
ethylene  vapour  to  the  liquid  state  by  cdi- 
pressing  it  into  another  condenser,  which  s 
cooled  by  the  evaporation  of  liquid  carbcc 
acid,  and  that  again  is  compressed  by  a thd 
pump  into  a third  condenser,  which  is  coed 
by  circulating  water.  Such  a cascade,  a;|it 
may  be  called,  of  pumps  and  condenss 
furnished  (previous  to  Dr.  Linde’s  invent!  1) 
the  only  practicable  method  of  liquefying  r 
in  any  considerable  quantity,  and  it  wasjy 
means  of  apparatus  such  as  this  that  Profe&r 
Dewar  carried  out  his  remarkable  experimejs 
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^hich  have  made  the  laboratory  of  the  Royal 
Institution  pre-eminently  the  home  of  liquid 
lir. 

Dr.  Linde’s  method  is  entirely  different  from 
his.  It  is  a regenerative  method  ; that  is  to 
;ay,  the  cold  produced  by  the  treatment  of  one 
)ortion  of  air  is  communicated  to  the  portion 
vhich  is  next  coming  on  to  be  treated,  and  so 
m,  with  the  result  that  a cumulative  cooling 
>roceeds,  which  is  only  limited  by  the  leakage 
if  heat  into  the  apparatus  from  outside. 

Imagine  air,  or  any  other  gas,  to  be  pumped 
ound  and  round  a closed  system  of  pipes,  and 
uagine  that  at  one  place  in  the  system  it 
uffers  a drop  in  temperature  through  some 
iternal  action.  Imagine,  further,  that  the 
ir  which  has  suffered  this  drop  in  temperature 
i led  back  to  the  pump  through  a pipe,  which 
, brought  into  close  contact  with  the  pipe 
Dnveying  air  from  the  pump.  It  consequently 
9ols  the  air,  and  that  in  its  turn  suffers  a 
irther  drop,  and  cools  still  further  the  air  that 
next  coming  on. 

The  two  factors  in  this  regenerative  process 
*e  (ist)  the  interchanger  of  heat  between  the 
)ing  and  coming  air,  and  (2nd)  the  step-down 
drop  in  temperature,  in  consequence  of 
hich  the  air  that  is  going  away  is  always 
ilder  than  the  air  that  is  coming  on. 

There  are  two  ways  in  which  the  step-down  or 
op  in  temperature,  which  is  essential  to  the 
tion,  may  be  produced.  One  way  is  to  let  the 
r coming  under  pressure  from  the  pump 
pand  in  a cylinder  doing  work  on  a piston 
lile  its  pressure  falls.  That  is  the  way  in 
iich  the  cooling  effect  is  produced  in  an 
linary  refrigerating  machine,  using  air  as  its 
•rking  substance. 

A.S  early  as  1857  Sir  William  Siemens 
)posed  to  combine  a regenerator  or  heat- 
erchanger  with  an  expansion  cylinder,  so 
it  the  drop  in  temperature  caused  by  ex- 
tision  should  be  communicated  to  the  in- 
ning air,  and  thus  the  working  should,  as 
said,  “produce  an  accumulated  effect,  or 
indefinite  reduction  of  temperature.”  And 
re  recently  the  same  idea  has  taken 
•ctical  shape  in  the  patents  of  Solvay  and 
Windhausen,  and  in  the  experimental 
laratus  used  in  his  cryogenic  laboratory 
Professor  Onnes,  of  Leyden.  In  all  these 
’ es  the  drop  was  produced  by  the  use  of  a 
nder,  which  allowed  the  air  to  do  mechanical 
k as  it  expanded.  * 

t should  be  added  that  on  May  23,  1895,  Mr.  William 
pson  lodged  a Provisional  Specification  for  “ Improve- 
s relating  to  the  progressive  refrigeration  of  gases,”  in 


But  there  are  serious  obstacles  to  an 
“ indefinite  reduction  of  temperature  ” by  such 
a device ; and,  in  fact,  Solvay  found  that  he 
did  not  succeed  in  gettingbelow  about  —95°  C. 
For  one  thing,  the  mechanical  difficulty  of  work- 
ing a piston  at  an  extremely  low  temperature  is 
formidable  ; and  further,  its  friction  develops 
heat  just  where  heat  is  not  wanted,  and  the 
bulk  of  the  cylinder  necessarily  involves  a 
large  leakage  of  heat  from  outside. 

There  is,  however,  another  way  of  producing 
the  necessary  drop  in  temperature,  and  by 
using  it  Professor  Linde  has  made  practicable 
the  regenerative  method  of  producing  extreme 
cold.  In  his  apparatus  the  drop  in  tempera- 
ture is  effected  by  letting  the  compressed  air 
stream  through  a small  orifice,  namely,  a nearly 
closed  throttle-valve,  from  a region  of  high 
pressure  to  one  of  much  lower  pressure.  If  air 
were  a perfect  gas,  in  the  thermodynamic  sense, 
it  would  suffer  no  drop  in  temperature  when  it 
expands  in  this  way  without  doing  work. 
Indeed  Joule  in  his  early  experiments  on  this 
subject  detected  no  cooling,  and  it  was  only  in 
the  more  delicate  investigation  which  he  made 
later  in  conjunction  with  Lord  Kelvin,  that  a 
small  amount  of  cooling  was  observed  and 
measured.  Kelvin  and  Joule  found  that  w'hen 
compressed  air  expands  by  passing  through  a 
constricted  orifice,  its  temperature  falls  by 
about  a quarter  of  a degree  for  each  atmos- 
phere of  difference  in  pressure  between  the 
two  sides  of  the  orifice.  This  is  at  ordinary 
temperatures ; at  low  temperatures  rather 
more  cooling  occurs,  for  the  gas  is  then  le£s 
nearly  “perfect.”  An  effect  so  small  does 
not  at  first  sight  appear  promising  as  a means 
of  reaching  extremely  low  temperatures,  but 
Linde  has  shown  that  it  is  enough  to  furnish 
the  step-down  necessary  in  a regenerative 
process.  The  gas,  cooled  slightly  by  passing 
the  orifice,  gives  up  its  cold  to  gas  which  is 
approaching  the  orifice.  The  passage  through 
the  orifice  cools  that  gas  further,  and  so  on, 
with  the  result  that  a cumulative  cooling 
proceeds.  When  the  step-down  is  effected  in 
so  simple  a manner,  it  is  comparatively  easy  to 
insulate  the  apparatus,  and  to  reach  an  ex- 
treme of  cold  greatly  lower  than  could  be 
reached  if  an  expansion  cylinder  were  used. 

A temperature  of  —200°  C.  or  lower  is  at- 
tained without  difficulty,  whereas  with  an 
expansion  cylinder  a practical  limit  was  found 
at  -95°  C. 

which  the  use  of  a heat-interchanger  is  described,  but 
without  making  it  plain  in  what  way  the  patentee  intended  to 
produce  the  drop  in  temperature. 
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Fig.  2 shows  the  organs  of  Dr.  Linde’s 
apparatus  in  its  simplest  form  : P is  the  pump 
which  delivers  highly  compressed,  air  first  to 
a water  cooler,  J K L,  to  remove  the  heat 
generated  by  compression.  The  compressed 
air  goes  on  through  the  inner  of  two  pipes 
forming  the  spiral  interchange,  D E,  and 
escapes  through  the  throttle -valve,  R,  into  the 
chamber,  x,  suffering  a drop  in  temperature. 
It  leaves  the  chamber  at  F and  returns  to  the 
pump  through  the  space  between  the  inner 
and  outer  tube  of  the  interchanger,  so  that 
the  gas  coming  down  inside  the  inner  tube  is 
cooled  before  it  reaches  the  throttle -valve.  In 


his  earliest  experiment,  made  in  May,  1895, 
Linde  used  no  preliminary  cooling  of  the  air, 
but  succeeded,  after  15  hours’  continuous 
working,  in  getting  so  great  an  accumulated 
cooling  effect  that  liquid  air  began  to  gather 
in  the  vessel  T,  from  which  it  could  be  drawn 
off  by  a tap.  Any  removed  in  this  way,  or  lost 
by  leakage,  is  made  good  by  pumping  more  in 
through  the  stop-valve  at  A,  by  means  of  an 
auxiliary  pump. 

Another  arrangement  of  the  apparatus, 
designed  to  yield  an  atmosphere  rich  in 
oxygen,  is  shown  diagrammatically  in  Fig.  3. 
There  the  interchanger  is  divided  into  two 
parts,  down  which  the  compressed  air  streams 
in  parallel  through  the  two  inner  tubes  which 
converge  at  A.  It  goes  on  through  a worm 
in  the  receiver,  B,  to  the  throttle-valve,  c,  and 
is  there  discharged  into  the  receiver.  The  gas 
which  is  given  off  from  the  surface  of  the  liquid 
in  B is  mainly  nitrogen,  and  it  passes  off 
through  one  of  the  two  interchangers.  The 
liquid  that  is  left  in  B becomes  rich  in  oxygen, 
and  is  allowed  to  drain  slowly  through  the 
valve,  D,  and  then  to  evaporate  through  the 
other  interchange!*.  Thus  the  gas  which  passes 
off  at  N consists  mainly  of  nitrogen,  while  the 
gas  that  passes  off  at  O consists  largely  of 


oxygen,  and  forms  the  useful  product  of  e 
apparatus.  Both  gases  as  they  escape  throi  h 
the  interchanger  give  up  their  cold  to  e 
incoming  compressed  air,  and  leave  the  ap.- 
ratus  at  a temperature  which  is  only  a ,v 
degrees  lower  than  that  at  which  the  ,r 
enters. 

In  cooling  a gas  by  making  it  exp;d 
through  a constricted  orifice,  the  amount  y 
which  the  temperature  drops  is  proporticil 
to  the  difference  of  the  pressures  andij 
on  the  two  sides  of  the  orifices.  But  the  w|k 
which  the  pump  has  to  do  in  forcing  the  r 


to  pass  again  and  again  round  the  eye 
depends  not  on  the  difference  but  on  je 
ratio  ofy^2  and/i.  Hence,  to  make  the  sys  n 
efficient,  what  is  aimed  at  is  a large  differeie 
— ;p\^  but  a small  ratio  This  requ;s 

that  ^2  should  be  high,  and  modera;y 
high.  Dr.  Linde  accordingly  makes  the  ujpi 
limit  of  pressure,  about  200  atmosphejs, 
and  in  some  cases  he  makes  the  pressure  s 
the  other  side  of  the  orifice  as  much  asj,c 
atmospheres.  Thus  a drop  of  150  atmosphi’S 
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I s then  associated  with  the  very  moderate 
-alue  of  four  for  the  ratio  of  to  J.  On 
i he  other  hand,  if  in  passing  the  orifice  the 
' )ressure  of  the  gas  were  allowed  to  fall  to  that 
i»f  the  atmosphere,  the  drop  on  which  the 
ooling  effect  depends  would  be  increased 
rom  150  to  199,  but  the  ratio  on  which  the 
' v'ork  depends  would  be  increased  to  200.  The 
ooling  effect  would  be  only  one-third  greater, 
/hereas  the  work  to  be  done  by  the  pump, 
/hich  varies  as  the  logarithm  of  this  ratio, 
ould  be  nearly  four  times  as  great  in  the 
ccond  case  as  in  the  first.  The  efficiency  of 
he  process  is  therefore  nearly  three  times 
renter  in  the  first  case. 


liquefied ; the  greater  part  returns  to  the  pump 
to  be  compressed  and  sent  through  the  orifice 
again.  Hence  it  is  important  to  maintain  a 
comparatively  high  back  pressure,  for  the 
greater  part  of  the  gas,  and  only  to  allow  the 
portion  that  is  to  be  withdrawn  from  the  appa- 
ratus to  fall  to  atmospheric  pressure.  This  is 
done  in  Dr.  Linde’s  newest  apparatus,  in  the 
manner  shown  in  Fig.  4,  which  illustrates  the 
laboratory  form  now  exhibited  in  action. 

There  are  two  throttle-valves,  a and  b.  All 
the  compressed  air  passes  through  a,  but  only 
a small  proportion  (about  one -fifth)  passes 
also  through  b.  The  passage  through  a causes 
a drop  in  pressure  from  200  atmospheres  to  16 


wen  after  the  apparatus  has  become  fully 
'led  down,  and  has  attained  a uniform 
ime  in  its  working,  only  a small  portion  of 
3.ir  that  passes  through  the  orifice  is 


atmospheres,  and  four-fifths  of  the  air  in  circu- 
lation passes  back  at  that  pressure  through 
the  middle  one  of  the  three  tubes  composing 
the  interchanger  to  the  pump  d.  The  remain- 
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ing  fifth  passes  through  b,  and  about  one- 
fourth  of  it  gathers  as  liquid  in  the  vacuum - 
jacketted  vessel  c,  at  a pressure  which  is  only 
so  much  above  that  of  the  atmosphere  as  will 
allow  the  liquid  to  pass  out  when  the  stop- 
cock h is  opened.  The  unliquefied  or  re- 
vaporated  part  of  what  has  passed  through 
b escapes  through  the  outermost  tube  of  the 
interchanger.  The  pump  e takes  in  fresh  air 
from  the  atmosphere,  compresses  it  to  16 
atmospheres’  pressure,  and  delivers  it  so  that 
it  mixes  with  the  air  which  is  returning  at  that 
pressure  from  the  middle  tube  of  the  inter- 
changer to  the  pump  d.  The  compressed  air, 
on  leaving  each  pump,  passes  through  a coil 
in  a water-cooler  which  also  serves  to  jacket 
the  pump.  A small  quantity  of  water  is  drawn 
in  along  with  the  air  by  the  low-pressure  pump, 
and  this,  together  with  the  natural  moisture  of 
the  air,  is  extracted  as  completely  as  possible, 
first  by  means  of  a separator  f,  and  then  by 
making  the  compressed  air  pass  through  a 
coil  ^ in  a bath  of  ice  and  salt  before  it  goes 
into  the  interchanger.  The  interchanger  is 
enclosed  in  a case  packed  with  sheep’s  wool. 

The  admirable  device  of  the  open  vacuum- 
jacketted  vessel,  which  we  owe  to  Professor 
Dewar,  enables  liquid  air  to  be  decanted  and 
handled  with  the  greatest  ease,  to  be  con- 
veyed from  place  to  place,  and  to  be  stored 
during  short  periods  with  no  more  than  a very 
moderate  loss  of  evaporation. 

The  machine  now  exhibited  circulates  about 
15  cubic  metres  of  air  per  hour  in  the  circuit 
from  200  atmospheres  to  16  atmospheres. 
About  three  cubic  metres  per  hour  are  pumped 
in  from  outside,  and  this  is  the  amount  which 
passes  through  the  lower  valve.  I am  informed 
by  Dr.  F.  Linde  that  about  0*9  litres  of  liquid 
air  are  formed  per  hour,  with  a continuous 
expenditure  of  three  horse-power.  Larger  sizes 
of  the  machine  are  made,  requiring  five  and 
seven  horse-power  respectively.  More  than  a 
dozen  of  these  machines  are  now  in  use  in 
various  Continental  laboratories. 

Dr.  Linde  is  now  constructing  a machine  of 
120  horse-power  for  the  Rhenania  Chemical 
Works  at  Aix-la-Chapelle,  which  is  to  be 
applied  to  the  improvement  of  the  Deacon 
process  of  chlorine  manufacture.  This  machine 
is  expected  to  produce  50  litres  of  liquid  air 
per  hour,  or  in  round  numbers  i lb.  of  liquid 
air  per  horse-power  hour.  In  the  Deacon 
process,  as  ordinarily  carried  out,  a mixture 
of  hydrochloric  acid  with  air  is  treated,  and  a 
mixture  of  chlorine  with  nitrogen  is  produced. 
Dr.  Linde’s  machine  will  serve  two  purposes, 


namely,  (i)  to  increase  the  efficiency  ofi 
process  by  substituting  a gas  rich  in  oxyi 
for  atmospheric  air  in  the  first  instance, 
(2)  after  the  treatment,  to  cause  the  chloi 
to  be  separated  as  a liquid  from  the  mij 
product  without  compression,  through 
agency  of  cold.  In  this  case  the  interchar 
takes  the  form  of  one  great  spiral  made 
of  an  outer  tube  100  millimetres  in  diame 
with  an  inner  tube  60  mm.  in  diam 
and  41^  mm.  thick  to  convey  back  the  air  a 
(which  is  50  atmospheres),  and  inside  of 
are  four  tubes,  each  12  mm.  in  diameter 
3 mm.  thick  for  the  high  pressure  air 
200  atmospheres  (see  Fig.  5).  The  tubes 
all  of  copper. 


Various  further  uses  for  the  richly  oxygena 
atmosphere  in  metallurgical  and  other  procef 
are  under  consideration.  Furnaces  and  bl 
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pes  in  which  combustion  is  sustained  by  the 
niched  air  may  be  expected  to  find  applica- 
)n  for  many  purposes.  Suggestions  for  other 
ies  have  been  made,  but  have  not  yet  gone 
r enough  to  be  referred  to  in  detail. 

The  most  interesting  application  of  the  liquid 
lich  has  hitherto  been  tried  on  a commercial 
ale  is  to  make  an  explosive  by  mixing  it  with 
i rbon.  When  liquid  air,  enriched  by  the 
' aporation  of  a large  part  of  its  nitrogen,  is 
ixed  with  powdered  charcoal,  it  forms  an 
plosive  comparable  in  power  to  dynamite, 

I d which,  like  dynamite,  can  be  made  to  go 
‘violently  by  using  a detonator.  To  make 
3 explosive.  Dr,  Linde  pours  the  liquid,  con- 
ining  about  40  or  50  per  cent,  of  oxygen,  on 
igments  of  wood  charcoal,  two  to  four  cubic 
llimetres  in  size.  These  are  kept  from 
ittering  under  the  ebullition  of  the  liquid 
mixing  them  into  a sort  of  sponge  with 
out  one-third  of  their  weight  of  cotton  wool, 
e liquid  which  remains  is,  of  course,  richer 
oxygen  than  that  which  is  originally  applied, 
d when  the  mixture  is  allowed  to  stand  for 
ig  all  the  liquid  evaporates  and  the  explosive 
kver  disappears.  It  must,  therefore,  be  mixed 
or  near  the  place  where  it  is  to  be  used, 
t the  cotton  wadding  impregnated  with 
irse  charcoal  powder  can  take  up  more  than 
)ugh  of  the  liquid  to  supply  oxygen  for  its 
nplete  combustion,  and  when  put  quickly 

0 thick  insulating  cases,  made  of  paper,  it 
ains  its  full  explosive  power  for  five  or  ten 
lutes.  After  an  interval,  which  ranges 
n fifteen  to  thirty  minutes  according  to  the 

1 of  the  cartridge,  all  explosive  power  is  lost, 
iperiments  with  the  explosive  were  made  on 

Parade-ground  at  Munich,  and  a practical 
- on  a large  scale  has  gone  on  for  some 
iths  in  a coal  mine  at  Penzberg,  not  far 
n Munich.  The  trials  there  were  continued 
n July  to  October  of  last  year,  and  are 
med  to  have  given  very  satisfactory  results, 
chief  advantage  of  the  explosive  is  its 


apness,  the  cost  being  to  all  intents  and 
poses  simply  that  of  the  power  used  in 
efying  the  air.  Even  the  fact  that  aftei 
lort  time  the  mixture  ceases  to  be  capable 
‘xploding  may  be  urged  as  a recommen- 
on  in  one  respect,  for  if  a detonator  hangs 
there  is  no  danger  of  the  charge  going  off 
dentally  some  time  after  the  explosion  is 
; nor  is  there  any  risk  of  its  being  pur- 
M or  used  for  criminal  purposes.  On  the 
r hand,  it  is  obvious  that  this  explosive 
i d be  neither  convenient  nor  economical, 
ipt  in  cases  where  a large  amount  of 


blasting  is  to  be  done  at  or  about  one  place, 
and  during  a long  period  of  time.  A great 
stone-quarry  or  slate-quarry,  or  an  engineering 
work  such  as  the  cutting  of  an  Alpine  tunnel, 
would  appear  to  offer  a likely  field  for  its 
application. 

In  the  trials  made  at  Pensberg  the  machine 
used  was  of  the  type  now  exhibited  and  shown 
in  Fig.  4,  but  large  enough  to  produce  3 litres 
of  the  liquid  per  hour.  The  liquid  as  with- 
drawn from  such  a machine  contains  from 
35  to  40  per  cent,  of  oxygen,  and  is  sufficiently 
rich  to  be  used  for  making  the  explosive,  with 
no  more  than  the  further  strengthening  w’hich 
it  necessarily  gets  through  evaporation  in  the 
processes  of  transport  and  mixing. 

By  using  a liquid  containing  more  or  less 
nitrogen  in  the  filling  of  the  cartridges  the 
strength  of  the  explosion  is  under  some  control, 
and  it  is  suggested  that  the  temperature  may 
in  this  way  be  kept  down  sufficiently  to  minimise 
the  risk  of  igniting  fire-damp  and  coal  dust  in 
mines. 

With  a machine  in  constant  use  Dr.  Linde 
obtains  from  0-4  to  0*5  litres  of  a liquid  con- 
taining 50  per  cent,  of  oxygen  per  horse-power 
hour.  If  we  assume  that  up  to  the  instant  of 
explosion  two-thirds  of  the  liquid  has  been 
evaporated,  which  raises  the  proportion  of 
oxygen  to  80  per  cent.,  then  4 to  5 horse-power 
hours  are  used  in  producing  i kilogramme  of 
explosive  material.  Beyond  this  there  is  the 
cost  of  the  wrapping,  the  cotton  wool,  and  the 
charcoal  powder.  But  these  items  are  incon- 
siderable. 


DISCUSSION. 

Mr.  Adair  asked  if  liquid  air  froze  at  such  a low 
temperature. 

Mr.  R.  N.  Lennox  said  he  must  express  his  admira- 
tion of  the  very  clear  way  in  which  Professor  Ewing  had 
explained  the  subject,  and  also  of  the  very  beautiful 
apparatus  downstairs,  but  personally  he  did  not  think 
it  had  any  extraordinary  efficiency.  He  had  used  an 
apparatus  of  the  same  type,  of  3 horse-power,  which 
gave  practically  ouv  e per  hour  by  the  cascade 
system,  which  he  thought  more  effective  and  con- 
venient. Of  course.  Dr.  Linde  only  used  two  pumps, 
while  the  cascade  system  required  three. 

Professor  Ewing  said  liquid  air  could  be  frozen,  but 
it  did  not  freeze  of  itself  by  evaporation  under  ordinary 
atmospheric  conditions.  He  should  like  to  know’  if 
in  the  system  Mr.  Lennox  referred  to  there  w’as  a 
high  back  pressure. 
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Mr.  Lennox  said  no ; the  forward  pressure  was 
300  atmospheres,  and  there  was  no  back  pressure. 

Professor  Ewing  said  he  had  endeavoured  to 
point  out  the  great  advantage  of  expanding  with  a 
comparatively  high  back  pressure,  which  made  the 
whole  system  much  more  economical. 

Mr.  Bloxam  asked  for  further  information  with 
regard  to  the  cooler,  which  he  understood  was  for 
the  purpose  of  abstracting  the  heat  from  the  com- 
pressed air.  It  seemed  to  him  that  after  a time  the 
compressed  air  would  get  so  cold  that  the  cooler 
would  not  take  heat  from  it,  but  rather  tend  to 
warm  it. 

Professor  Ewing  said  that  the  air  in  the  pump 
did  not  become  cold  at  any  stage  in  the 
process.  The  interchanger  was  formed  on  a 

much  longer  coil  of  pipes  than  appeared  by  the 
diagram,  giving  a very  extended  surface  for  the 
communication  of  heat  between  the  gas  coming 
away  cold  and  that  going  forward  to  pass  through 
the  orifice.  Even  after  it  had  been  at  work  a long 
time,  and  had  attained  a uniform  regime,  when 
there  was  an  extremely  low  temperature  at  the 
nozzle,  if  the  temperature  were  examined  at  various 
points  of  the  spiral,  it  would  be  found  that  there  was 
a gradient  going  up  to  nearly  the  atmospheric  tem- 
perature at  the  top,  there  being  a continual  inter- 
change of  heat  all  the  w^ay  between  the  air  in  the 
interior  tube  and  that  in  the  one  surrounding  it.  To 
make  the  interchanger  efficient  it  was  necessary  that 
there  should  be  only  a slight  difference  of  temperature 
at  any  given  point  between  the  air  in  the  inner  and 
outer  tubes.  When  the  air  escaped  at  the  top  of  the 
interchanger,  it  had  given  up  nearly  all  its  cold  to  the 
air  inside,  and  had  risen  nearly  to  atmospheric 
temperature.  The  pump  was,  therefore,  practically 
working  on  air  at  ordinary  temperature  the  whole 
time,  and  the  air  was  kept  cool  in  the  process  of 
compression  partly  by  the  water  jacket,  and  partly  by 
injecting  a certain  amount  of  water  into  it,  which  was 
afterwards  extracted  by  means  of  a separator.  Any 
residue  of  water  vapour  not  extracted  in  this  way  was 
deposited  in  a coil,  placed  in  a bath  of  ice  and  snow. 
It  was  absolutely  necessary  that  this  cooling  opera- 
tion in  the  vessel  J should  go  on  continuously. 

Mr.  Walter  May  asked  if  the  water  introduced 
into  the  air  did  not  form  snow,  and  if  so  how  was  it 
got  rid  of  } 

Professor  EwiNG  said  if  the  water  were  allowed  to 
remain  in  the  air  until  it  reached  the  interchanger  it 
would  of  course  freeze,  but  it  was  extracted,  as  he 
had  just  explained,  before  it  reached  that  point. 

Mr.  K.  B.  Doyle  asked  what  became  of  the 
carbon  dioxide  in  the  air  used 


Professor  EwiNG  said  it  was  either  depcied 
with  the  water  in  the  separator,  or  was  frozen  c!  in 
the  interchanger.  At  any  rate,  it  did  not  causijti) 
inconvenience.  | 

! 

Colonel  Allan  Cunningham  asked  if  th(|;x- 
plosive  mixture  was  made  in  the  open  air  wit|h( 
hand,  and  if  it  was  at  all  dangerous  to  handle  or  )]( 
to  cause  frost-bite.  Also  if  it  had  to  be  prof  e( 
in  any  way  while  being  carried  about.  He  also  ; ei 
if  there  was  not  a great  rise  in  temperature  whe;  In 
explosion  took  place.  It  was  stated  that  the  |;n 
perature  of  explosion  was  so  low  that  it  woul.io 
ignite  firedamp. 

Professor  Ewing  said  it  was  put  into  cartridge:  lu 
was  left  open  to  evaporate  at  the  surface,  otherw : i 
would  immediately  develop  a pressure  which  m 
tridge  would  stand.  He  had  not  seen  the  proci  c 
mixing,  and  could  not  give  any  details  with  rega:  t 
it.  With  regard  to  the  temperature,  of  course  t\ 
was  a rise  of  temperature  when  the  explosion  0 
place,  but  it  was  claimed  that  that  was  to  som^x 
tent  controllable  by  the  amount  of  nitrogen  all  e 
to  be  present  in  the  liquid. 

Mr.  W.  H.  Richardson  asked  if  this  exjdiv 
had  been  practically  used  in  mining  ? 

Professor  Ewing  said  so  far  the  use  of  this  edc 
sive  had  only  been  experimental,  though  the  exT 
ments  had  been  made  on  a commercial  scale.  In 
used  for  some  months  in  a coal  mine  at  Penzbe  i 
order  to  try  whether  it  could  be  employed  sue  s 
fully,  and  so  far  it  was  successful ; but  it  was  nolfe 
adapted  for  use  in  coal  mines,  where  the  explcj)i 
had  to  be  performed  in  places  which  were  not  3i 
together. 

The  Chairman,  in  proposing  a vote  of  than  t 
Professor  Ewing,  said  there  were  many  points  )i 
nected  with  this  work  of  Dr.  Linde’s  on  whk|l 
might  enlarge  if  time  permitted.  The  mechic 
ingenuity  and  knowledge  of  thermodynamics  x'lc 
Dr.  Linde  had  displayed  were  worthy  of  all  piii 
After  some  fourteen  years’  work  he  (the  Chaii  v 
ought  to  know  something  about  low  tempera  je 
but  he  must  confess  that  the  practicability  of  ic 
a mode  of  working  had  never  struck  him., 
was,  however,  a mistake  to  suppose  that  in  1 
to  produce  liquid  air  or  oxygen  it  was  necessai 
use  liquid  ethylene.  In  an  early  paper,  in  i8S;l 
showed  that  it  was  easy  to  get  Hquid  oxygen  El 
use  of  a little  solid  carbonic  acid.  By  the  U' 
a vacuum  pump  one  could  reduce  the  tempeii-i 
to  about  100°  C.,  and  there  the  critical  poij 
oxygen  was  approached,  and  by  expansion  iM 
oxygen  was  easily  produced.  The  same  f' 
occurred  with  air,  only  a little  higher  pressure 
be  used  in  order  to  produce  sufficient  expai^ 
By  the  use  of  nitrous  oxide,  a liquid  largely  £ 
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cm])erature  of  - 120°  C.  can  be  readied,  and 
compression  and  expansion,  one  can  from  that 
it  easily  obtain  liquid  air.  But  the  yield  was  not 
it  when  this  method  was  used  on  the  large 
c,  and  consequently  one  naturally  applied 
,c  factors  which  Dr.  Linde  had  made  so  para- 
,int  and  clear  in  the  use  of  ammonia  in 
ig  a liquid  that  had  a low  boiling  point  and  a 
her  latent  heat.  That  was  where  the  advantage 
i{|uid  ethylene  came  in,  but  it  was  not  essential, 
ain,  although  this  regenerative  system  had  been 
-ied  by  Dr.  Linde  to  the  acme  of  perfection,  no  one 
) constructed  low  temperature  apjiaratus  rejected 
cool  gas  without  utilising  it ; the  great  advance 
I that  Dr.  Linde  did  so  completely.  In  using 
^lene,  for  instance,  the  ethylene  had  to  be 
umulated,  and  that  involved  a large  amount  of 
poration.  It  had  to  be  discharged  into  a hot 
id,  because  -80°  C.  was  hot  to  a liquid  coming  into 
it  - 100°  C.  The  ethylene  therefore  boiled  off,  and 
cool  ethylene  vapour  was  used  to  pass  round 
outside  of  the  pipes,  which  were  delivering  the 
eous  ethylene  before  its  expansion.  Both  Ohnes  and 
iself,  therefore,  used,  or  economised,  the  tempera- 
! of  the  expanding  gas  in  order  to  cool  the  gas 
ling  forward ; but  Dr.  Linde  was  entitled  to  every 
lit  for  elaborating  a machine  in  which  this  was 
e as  perfectly  as  possible.  He  was  glad  to  find 
, in  many  respects  Dr.  Linde  corroborated  the 
Its  which  he  had  described  from  time  to  time, 
h regard  to  the  per-centage  of  oxygen  in  the 
efied  air,  if  really  pure  liquid  air  was  wanted,  the 
perature  of  the  vessel  must  be  lowered  to  about 
X)°  C,  in  order  that  it  might  liquefy  at  the  pres- 
of  the  atmosphere,  and  that  nothing  should  escape ; 
the  results  of  working  a small  apjiaratus  with 
mill  tubes  in  the  laboratory  resulted  practically 
quid  air  which  contained  about  50  per  cent,  of 
^en.  A more  interesting  jioint  was  that  of  the 
iency  of  the  machine,  which  was  rather  for  an 
neer  than  a chemist  to  deal  with ; but  what  he 
ribed  to  the  Chemical  Society  was  that  in  using 
liirect  you  obtained  by  continuous  adiabatic  expan- 
1,  which  this  was  practically,  a yield  of  about 
•r  cent,  by  weight.  If  one  compressed  to  200 
ispheres  and  then  expanded  from  a pin  hole 
le  end  of  a short  length  of  pipe,  about  5 per 
of  the  air  could  be  colleeted.  This  was  just 
I-  Professor  Ewing  had  given  as  the  result  of 
i process,  and  the  thermodynamic  efficiency  seems 
ave  substantially  the  same  value.  In  order  to 
a small  quantity  of  liquid  air,  all  that  was 
ed  was  to  buy  a bottle  of  compressed  air  at 
' atmospheres,  take  a small  coil  of  copper  pipe 
' put  it  into  a vacuum  vessel.  By  the  use  of  solid 
)nic  acid  it  could  cooled  to  — 80°  ; then  expanding 
L'  Ough  a small  coil  with  a pin  nozzle,  80  c.c.  of 
i'*  1 air  could  easily  be  collected  in  twelve  minutes, 
after  the  nozzle  had  got  cold  in  half  that  time 
<^|:ould  go  on  collecting  from  every  25  feet  that  you 
ided  practically  the  same  amount.  The  result 


was  a yield  of  0*9  litre  per  hour  w'as  obtained.  It 
was  very  satisfactory  to  him  to  find  that  at  any  rate 
he  had  contributed  something  to  this  ingenious 
apparatus,  viz.,  the  use  of  vacuum  vessels.  ()[ 
course,  it  would  be  almost  impossible  to  utilise  a 
small  yield  of  liquid  air  unless  it  could  be  isolated 
from  heat  sufficiently  to  prevent  a large  loss.  If 
only  15  c.c.  a minute  were  jiroduced,  there  would 
not  be  more  than  one-fifth  of  that  left  if  a vacuum 
vessel  was  not  used.  Even  using  three  successive 
screens  of  air,  so  as  to  greatly  diminish  the  access  of 
heat,  it  would  not  be  diminished  to  more  than  one- 
third  ; but  by  using  a vacuum  vessel  the  loss  was  at 
once  reduced  to  one-fifth  of  what  it  was  originally ; 
and  this  could  be  much  improved  by  silvering  the 
vaeuum  vessel  on  the  interior.  Then,  instead  of  the 
influx  of  heat  being  reduced  to  one-fifth,  it  was 
brought  down  to  i*33rd,  so  that  only  3 per  cent,  of 
the  exterior  heat  could  get  in.  Where  the  object 
was  to  collect  liquid  air  in  quantity  over  a 
long  period,  isolation  from  heat  was  the  chief 
element  of  success.  The  most  convenient  method 
probably  was  to  use  a mercury  vacuum,  which 
was  very  readily  effected  in  the  laboratory.  There 
was  a Torricellian  vacuum  with  nothing  but  the 
vapour  of  mercury  left  in  it,  and  directly  the  liquid 
air  was  collected  in  the  inner  vessel,  the  mercury 
vapour  coated  it  beautifully  on  the  outside.  He  was 
very  pleased  to  see  that  the  use  of  these  vacuum  vessels 
was  extending.  Not  long  ago,  it  was  said  on  the 
continent  that  they  were  of  no  use,  because  it  had 
been  proved  that  at  such  low  temperatures  eveiything 
was  transparent  to  radiant  heat ; whilst  other  scientific 
gentlemen  had  used  them  without  acknowledgment. 
He  was  surprised  that  Dr.  Linde  had  not  employed 
isolation  for  his  cooling  coils,  but,  no  doubt,  many 
further  improvements  would  be  made,  and  he  should 
imagine  that  if  the  interchanger  were  surrounded  by 
a vacuum  vessel  it  would  be  rendered  far  more 
efficient,  as  the  influx  of  heat  Avould  be  completely 
stopped,  the  result  would  probably  be  that  the 
liquefaction  of  the  air  would  begin  in  a few  minutes 
instead  of  taking  two  hours.  He  must  also  con- 
gratulate Dr.  Linde  on  the  practical  applications  he 
was  making  of  liquid  air.  The  suggestion  for 
improving  the  chlorine  manufacture  was  highly  in- 
genious, and  the  application  of  it  to  explosives  seemed 
almost  to  invert  the  order  of  nature,  because  all 
chemical  action  at  these  low  temperatures  was  practi- 
cally annihilated.  You  could  not  get  substances  to 
react  by  mere  contact.  The  only  action  that  went  on 
so  far  as  he  was  aware  was  photographic  action,  and 
this  might  be  due  to  the  secondary  effect  of  the  phos- 
phorescence which  was  a very  marked  phenomenon 
at  low  temperature.  There  was  no  electric  action  and 
no  chemical  action  at  these  low  temperatures.  To 
produce  a chemical  reaction  you  must  have  a high 
initial  temperature.  You  could  burn  hydrogen  below 
the  surface  of  liquid  air  and  you  could  bum  a diamond 
or  graphite  on  the  surface  of  liquid  oxygen.  Ordinaiy 
cotton  wool  sponge  produced  an  explosive  mixture 
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and  so  did  charcoal  in  powder.  He  was  delighted 
to  find  that  anyone  was  bold  enough  to  suggest 
that  this  would  make  a practical  explosive  and  he 
wished  it  every  success.  There  was  no  more  ex- 
plosive substance  at  these  low  temperatures  than 
ozone,  which  had  a deep  blue  colour  when  liquefied. 
There  was  room  for  any  amount  of  experiment 
there,  but  he  could  not  get  Mr.  Lennox  to  look 
at  it,  and  he  had  a colleague  at  Cambridge 
who  after  experimenting  with  liquid  ozone  went 
off  and  never  came  back  to  repeat  the  experi- 
ment. It  would  detonate  by  the  mere  action  of 
light,  like  fulminating  mercury.  Somewhat  similar 
was  nitric  oxide,  a most  permanent  gas,  the  nearest  to 
carbonic  oxide.  When  liquefied  it  produced  a nice 
slightly  blue  liquid.  As  it  had  a strong  affinity  for 
oxygen,  producing  ruddy  fumes  in  air,  he  thought  he 
would  try  the  reaction  at  low  temperatures,  and  that  it 
would  probably  yield  a solid  nitrous  acid.  Mr.  Lennox 
suggested  that  they  should  break  a tube  in  which 
they  had  some  liquid  nitric  oxide  in  liquid  oxygen, 
and  both  substances  remained  apparently  quite  un- 
affected, but  on  hfting  the  tube  as  soon  as  it  reached 
the  surface,  they  saw  no  more  of  it,  glass  nor  any- 
thing else.  No  doubt  the  slightest  increment  of 
temperature  was  sufficient  to  start  it,  and  the  whole 
thing  went  off  instantaneously.  There  was  an  almost 
infinite  field  open  for  research  in  the  region  of  low 
temperatures,  and  he  thought  Dr.  Linde  was  mainly 
to  be  thanked  for  having  enabled  the  cryogenic 
laboratoiy  to  be  widely  disseminated.  In  the 
interests  of  science,  it  was  not  desirable  that  any 
particular  line  of  research  should  be  permanently  con- 
fined to  one  or  two  places.  It  was  much  better  when 
the  pioneers  had  had  the  satisfaction  of  showing 
the  way,  that  investigators  all  over  the  world  should 
be  enabled  to  pursue  the  subject,  and  from  this 
point  of  view  Dr.  Linde  had  rendered  infinite  service. 
He  had  recently  received  most  extraordinary  accounts 
of  experiments  on  liquid  air  in  America,  some  of 
which  seemed  to  belong  rather  to  the  domain  of 
faith  than  science,  but  at  any  rate  they  showed  the 
wide  interest  which  was  being  taken  in  this  field  of 
research.  They  had  been  some  300  years  learning 
the  properties  of  matter  and  the  forms  of  energy 
at  ordinary  temperatures,  say  within  the  limited 
range  of  about  -f"  absolute  temperature,  and 
one  might  weU  ask  how  many  years  were  required 
to  examine  them  at  temperatures  like  -200°  or  74 
absolute.  Even  with  all  their  present  advantages 
it  would  not  be  too  much  to  say  that  there  was  plenty 
of  work  for  everybody  who  would  undertake  it  for  the 
next  fifty  years.  In  that  view,  everybody  would  be 
pleased  to  see  the  apparatus  of  Dr.  Linde  widely 
distributed,  and  no  one  could  be  more  delighted  than 
he  was  at  its  success. 

Dr.  W.  Hampson  asked  to  be  allowed  to  say  a few 
words  in  consequence  of  what  had  fallen  from  the 
Chairman.  He  had  expressed  the  hope  that  Dr. 
Linde  might  so  perfect  his  apparatus  as  to  be  able 


to  produce  liquid  air  in  a few  minutes  instead  cl;w 
hours,  and  he  wished  to  say  that  this  had  aiad 
been  done,  and  anybody  could  see  the  apparaj,  a 
work  at  Brin’s  oxygen  works,  Westminster.  Iilr/j 
Engineer  for  November  20,  1896,  Dr.  Linde  despe 
his  apparatus,  and  then  expressed  the  view  til  i 
instead  of  pipes  concentrically  arranged  one  ■'hi 
the  other,  only  one  pipe  were  used,  and  tl  e> 
panded  air  were  allowed  to  return  at  atmos’jri 
pressure  in  an  outer  jacket,  the  weight  0 th 
material  employed  might  be  much  reduced.  y\\ 
at  that  time  he  (Dr.  Hampson)  had  alreadytor 
structed  an  apparatus  on  that  principle  ; the  vigl 
of  his  interchanger  being  14^  lbs.,  as  against  i^lb 
for  Dr.  Linde’s.  In  consequence  of  a better  arr  g< 
ment  of  the  coils  the  time  required  to  get  liqr  a 
was  only  16  minutes  as  against  2 hours.  The  qu  :it 
obtained  per  hour  was’  in  Dr.  Linde’s,  *9  litre,  i li 
1-2  litre.  The  quantity  of  air  passing,  per  ho  i 
Dr.  Linde’s  was  22  cubic  metres;  in  his,  i6|tl 
amount  of  compression  in  Linde’s  190  atmosphei,  i 
his,  1 20.  If  he  used  a pressure  of  1 30  atmosp)  e 
liquid  air  could  be  obtained  in  10  minutes,  and  tl 
air  were  first  cooled  by  carbonic  acid,  in  one  m iti 
In  Professor  Ewing’s  “ Howard  lectures,”  last  '.-a 
he  had  refen'ed  to  his  apparatus,  and  said  h(  v; 
informed  that  the  liquid  air  began  to  appe^  i 
three-quarters  of  an  hour,  but  that  was  a mis  it 
the  time  he  then  named  was  33  minutes,  and  a; 
was  the  first  time  the  apparatus  was  used,  and  le 
he  himself  was  away.  He  might  add  that  6 9^ 
cent,  of  the  air  passing  was  liquefied.  He  thrie 
Professor  E-wing  for  the  great  fairness  with  -k 
in  those  lectures  he  treated  the  various  workei  c 
this  subject. 

The  vote  of  thanks  having  been  passed, 

Professor  Ewing,  in  reply,  said  it  was  a pe^  i; 
pleasure  to  him  that  the  chair  was  occupied  01  h 
occasion  by  the  greatest  living  authority  on  liqui  li 
and  on  low  temperature  research  generally,  an  h 
remarks  formed  the  most  valuable  part  oi  1 
discussion.  What  Dr.  Hampson  had  said 
also  of  great  interest.  He  understood  hi;  1 
imply  that  he  used  an  expansion  nozzle,  in  )i 
junction  with  an  interchanger,  substantially  in  the  i 
way  as  Dr.  Linde.  He  was  sorry  that  there  sljil 
have  been  any  shp  in  anything  he  said  in  the  Hola 
lectures,  either  about  Dr.  Hampson’ s apparati  < 
anything  else,  as  he  had  done  his  best  t(j<^ 
justice  to  aU  who  had  worked  on  the  subject. 
he  referred  to  the  use  of  ethylene  as  being  the  1 
practical  mode  of  producing  hquid  air  in  consider 
quantity,  he  did  not  forget  the  experimental  n I' 
in  which  small  quantities  had  been  produced  b|l 
Chairman  and  others  without  the  use  of  ethyp 
and  in  the  Howard  lectures  he  had  described  f- 
methods,  but  on  the  present  occasion  there  wa*' 
time  to  go  over  aU  oat  groimd  again.  He  bel.< 
it  was  correct,  and  Professor  Dewar  would  b 
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1 out,  that  until  Dr.  Linde’s  process  was 
dished  the  only  practical  mode  of  liquefying 
in  considerable  quantities  was  by  the  use  of 
ylene.  It  was  quite  true  that  the  figures 
gave  worked  out  to  about  5 per'  cent,  of 
air  compressed,  which  was  the  same  as  was 
ained  in  a very  simple  form  of  apparatus,  but  the 
k done  by  the  pump  w^as  about  four  times  as 
at  in  one  case  as  in  the  other.  If  you  expanded 
air  from  a pressure  of  200  atmospheres  to  50, 

1 were  doing  only  one-fourth  the  work  which  was 
lired  if  it  was  expanded  to  atmospheric  pressure. 

1 might  get  the  work  done  for  you  by  getting  an 
gen  bottle,  but  it  had  to  be  pumped  somewhere  ; 
when  it  came  to  working  on  a large  scale  you 
to  consider  the  whole  work  done  by  the  pump, 
hough  in  the  apparatus  exhibited  a plain  vacuum 
.el  was  used,  he  believed  Dr.  Linde  did  take 
antage  of  the  Chairman’s  discovery  of  the 
ortance  of  silvering.  Dr.  Linde  did  isolate  his 
ling  coil  by  packing  it  with  a very  non-conduct- 
material,  namely,  raw  sheep’s  w'ool,  and  that  was 
mportant  factor  in  determining  the  efficiency  of 
apparatus.  The  period  which  elapsed  between 
ting  the  apparatus  and  the  first  production  of 
id  air  was  determined,  not  merely  by  the  leakage 
of  heat,  hut  by  the  thermal  capacity  of  the 
iratus  itself,  and  isolation  by  a vacuum  vessel,  if 
mid  be  carried  out  conveniently,  would  not  affect 
second  factor.  One  of  the  things  Dr.  Linde  had 
is  mind  was  the  production  of  ozone,  though  he 
not  intend  to  use  it  for  blo^ving  up  his  assistants 
mything  else,  but  for  hygienic  purposes.  The 
^estion,  and  several  others,  were  as  yet  only  in 
ryo,  but  possibly  something  would  be  heard  of 
1 later  on. 


Miscellaneous. 


THE  SALT  WELLS  OF  CLILNA. 
ne  of  the  most  interesting  industries  of  China  is 
ected  -with  the  salt  wells,  and  it  is  this  industry 
h evidences  Chinese  ingenuity  more  clearly  than 
)ther.  The  building  of  the  great  wall  required  little 
I leering  skill,  and  the  Grand  Canal  is  only  the  con- 
j ng  link  between  the  natural  waterways  of  China, 
, proof  of  industry  rather  than  ingenuity  ; but  the 
mity  which  seventeen  hundred  years  ago  bored 
j igh  solid  rock  to  the  depth  of  from  2,000  to  5,ocx) 
j attests  scientific  skill  which  may  still  interest, 
palt  wells  of  China  are  found  in  Szechuen,  Yunnan, 
Shansi ; but  the  more  important  are  near  the 
of  Tze-lin-tsing,  in  the  province  of  Szechuen, 
t 175  miles  west  of  Chungking,  and  an  equal 
ice  south-east  of  Chengtu.  The  salt  belt  is  a 
^lar  tract  having  the  Min  River,  from  Chin- 
u to  its  junction  with  the  Yangtze  at  Suifu,  for 


its  base,  and  its  apex  near  Tze-lin-tsing,  an  area  of 
some  1,500  miles.  The  number  of  wells  in  this 
region  officially  reported  are  twelve  hundred,  but  the 
number  is  larger,  and  by  some  is  estimated  at  five 
thousand.  They  average  about  6 inches  in  diameter 
and  vary  in  depth  from  700  to  5,000  feet,  though 
there  is  one  well  reported  to  be  5,900  feet  deep. 
According  to  the  United  States  Consul-General  at 
Shanghai  the  boring  is  done  by  means  of  a wrought- 
iron  rod,  about  14  feet  in  length,  with  a steel  edge 
which  forms  the  chisel  for  drilling,  and  other  rods  are 
joined  by  bamboo  fastenings  as  the  depth  increases, 
the  whole  being  worked  up  and  down  by  a lever 
raised  by  a number  of  men  jumping  on  one  end  and 
lowered  by  being  set  free,  the  process  being  aided  by 
a counterbalancing  weight  attached  to  the  other  arm 
of  the  lever  which  is  increased  as  the  rods  are  in- 
creased in  number.  As  the  rod  is  raised  and 
lowered  it  is  turned  first  one  way  and  then  the  other 
by  a man  placed  in  charge  of  it.  In  this  manner  it 
generally  requires  from  thirty  to  forty  years  to  bore  a 
well  of  medium  depth.  When  the  boring  begins,  it 
is  not  known  whether  salt  or  gas  will  be  found,  but 
as  both  are  very  valuable  it  is  not  a matter  of  much 
consequence.  The  brine  is  lifted  from  the  w’ells  in 
long  bamboo  tubes  or  buckets  with  a leather  valve  in 
the  bottom,  and  this  is  drawn  up  by  a bamboo  rope 
which  passes  over  a pulley  fixed  in  the  top  of  a lofty 
derrick  from  60  to  70  feet  in  height.  The  rope  wears 
out  rapidly  and  must  be  replaced  about  once  in  ten 
days.  The  bamboo  bucket  is  not  more  than  3 inches 
in  diameter,  but  may  be  60  or  100  feet  in  length, 
proportioned  to  the  height  of  the  denick,  and  thus 
some  200  catties  (266  pounds)  of  brine  is  brought 
up  at  each  turn.  The  rope  passes  down  from  the 
pulley  and  under  another  wheel  fixed  but  a few 
feet  above  the  ground  and  thence  into  a shed 
where  it  is  wound  round  a large  drum  turned 
by  three  or  four  water  buffaloes.  It  takes  from 
fifteen  to  twenty  minutes  to  draw  up  a bucket  from 
the  deeper  wells,  and  when  it  is  swung  up  under  the 
derrick,  a workman  pushes  an  iron  rod  into  the 
bottom  and  lifts  the  valve,  allowing  the  brine  to 
escape  into  a tube,  whence  it  flows  into  a large 
reservoir  that  is  kept  under  lock  and  key.  The 
brine  is  not  all  of  equal  value ; the  deeper  the  well 
the  stronger  the  brine.  The  best  has  a blackish 
dirty  appearance,  and  both  the  gas  and  brine  wells 
give  off  a very  disagreeable  odour,  due  perhaps  to 
the  presence  of  carbonated  hydrogen  gas.  The 
buffaloes  are  kept  in  excellent  condition,  and  they 
are  allowed  a respite  after  drawing  up  two  loads,  and 
each  animal  is  used  four  or  five  times  during  the 
twenty-four  hours.  They  do  not,  however,  long 
endure  the  strain,  and  few  last  longer  than  five  years, 
some  not  longer  than  one  year.  This  is  owing  to  the 
fact  that  they  are  slow  beasts,  and  cannot  accustom 
themselves  to  the  rapid  gallop  at  which  they  are 
driven  while  drawing  up  the  brine.  From  the 
reservoir  this  brine  is  conducted  in  bamboo  pipes  to 
the  evaporating  sheds.  It  flows  first  into  casks. 
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whence  by  smaller  pipes  it  is  conducted  to  the  pans. 
The  pans  are  quite  shallow,  and  measure  from 
four  to  six  feet  in  diameter,  and  weigh  as  much 
as  1, 600  pounds.  These  are  not  generally  property 
of  the  salt  factories,  but  are  leased  from  the 
manufacturers.  The  pans  are  made  in  Kiang 
Tsing,  a city  on  the  Yangtze  Kiang,  not  far 
from  Chungking,  which  seems  to  be  the  nearest 
point  at  which  iron  can  be  obtained,  and  are 
conveyed  to  within  a short  distance  of  the  wells. 
Each  pan  is  swung  from  a heavy  beam,  requiring  the 
strength  of  sixteen  men  to  cany  it  from  boat  to  boat. 
The  gas  wells  are  not  so  numerous  as  the  brine  wells, 
nor  do  they  usually  belong  to  the  same  proprietors. 
Some  maintain  that  the  product  is  petroleum  gas ; 
others  that  it  is  the  production  of  the  brine  wells; 
that  when  they  are  first  opened  the  gas  rushes  out 
with  tremendous  force,  and  must  be  consumed  before 
the  wells  can  be  worked  for  salt.  The  gas  is  in  great 
demand  for  use  as  fuel.  The  salt  is  of  too  kinds,  pan 
or  lump  salt,  and  granular.  The  former  has  the  shape 
of  the  pan  ; the  latter  has  bean  flour  added  to  it  to 
increase  its  whiteness.  There  are  about  forty  districts 
in  Szechuen  in  which  salt  is  manufactured,  but  the 
annual  production  of  that  province  is  difficult  to  deter- 
mine, but  is  said  not  to  be  less  than  300,000,000  lbs. 
The  sale  of  salt  in  China  is  a Government  monopoly. 
From  the  one  province  of  Szechuen  alone  a revenue 
of  ^^500,000  is  obtained.  The  price  of  salt  at  the 
wells  is  about  |d.  per  lb.,  but  to  this  must  be  added 
the  Government  tax,  which  at  the  wells  is  about  a 
^d.  per  lb.,  making  a total  of  id.  The  price,  however, 
increases  v/ith  the  distance  from  the  wells,  owing  to 
the  numerous  likin  stations  which  must  be  passed,  a 
tax  being  levied  at  every  station.  Well  salt  is  also 
produced  in  Yunnan,  Kansuh,  and  Shansi.  In  the 
Eastern  provinces  it  is  obtained  at  a much  cheaper 
rate  by  evaporation  from  sea-water.  On  the  coast 
of  Chihli  wind-mills  are  found,  slowly  revobdng  about 
a perpendicular  axis,  pumping  water  into  vats.  The 
sale  of  salt  is  regulated  by  licenses,  and  a license 
once  issued  is  good  for  ever.  It  is  used  year  after- 
year,  and  handed  down  from  father  to  son,  though  it 
may  be  transfen-ed  to  others  if  desired.  The  whole 
Empire  is  divided  into  seven  circuits  for  purposes  of 
salt  administration,  and  the  source  of  supply  for  each 
circuit  is  strictly  limited,  and  any  salt  coming  in  from 
other  quarters  is  regarded  as  smuggled,  and  is 
confiscated.  The  entire  revenue  derived  from  salt  by 
the  Chinese  Government  is  estimated  at  ;^2, 185,000. 
Since  the  war  with  Japan  the  Government  has 
increased  the  salt  tax.  The  annual  consumption  for 
all  China  is  estimated  at  over  3,300,000,000  pounds. 
The  importation  of  foreign  salt  is  altogether  pro- 
hibited. At  one  period  salt  was  used  as  money  in 
China.  The  salt  was  formed  into  cakes,  which  could 
not  be  prepared  by  any  other  than  the  officers  of  the 
Emperor,  and  the  cakes  were  impressed  -with  his 
stamp.  The  cakes  were  valued  at  twopence  each, 
eighty  cakes  being  equal  in  value  to  about  the  sixth 
part  of  an  ounce,  and  consequently  a cake  of  salt  was 


in  value  the  one  hundred  and  eightieth  part  a 
ounce  of  gold,  which,  at  the  pr-ice  of  ^4,  is  e;  tl 
twopence  for  the  price  of  each  cake.  ' 


j 

PARA  AND  AMAZONIAN  RUB  BE. 

It  is  stated  in  a Foreign  Office  report  fron  fi 
Majesty’s  Consul  at  Para  that  the  total  amof  ( 
Amazonian  rubber  exported  from  Para,  Mr  0 
Bolma,  and  Peru  during  the  twelve  months  (|le 
June  30,  1897,  Avas  22,216  tons,  of  which  12,36^)1 
Avere  sent  to  Europe,  and  9,848  to  the  United  S'e: 
The  Amazonian  crop  during  the  same  p.o 
amounted  to  22,315  tons,  of  Avhich  9,100  jr 
belonged  to  the  State  of  Para.  The  amou  ( 
Amazonian  rubber  exported  during  the  yearde 
Dec.  31,  1896,  Avas  21,597  tons,  of  Avhich  12,54:01 
AA-ere  sent  to  Europe  (10,637  to  the  United  Kingn 
and  1,905  to  France),  and  9,055  to  the  P’.e 
States;  Avhile  the  amount  of  Amazonian  r j( 
exported  in  1897  (Jan.  i to  Dec.  15)  Avas  20,554  ^ 
of  AAffiich  only  9,726  tons  Avent  to  Europe,  and  i \2 
tons  to  the  United  States. 

The  value  of  the  rubber  exports  from  Para  d|n 
the  year  1896-97  Avas  ;^i,977,596,  and  the  (ii( 
collected  on  this  value  amounted  to  ^’4 15,295.  i 

All  the  trade  betAA'een  States  Avatered  b)'! 
Amazon  (i.e.,  Para,  Amazonas,  Peru,  and  Bc[i; 
and  the  United  States  is  transported  in  Bis 
bottoms  ; and  all  the  rubber  purchased  bjil 
United  States  is  paid  for  through  British  hanJ  ( 
Avhich  there  are  three  established  in  Para.  A B is 
company — the  Amazon  Steam  Navigation  Coir'n 
of  London — possess  35  steamers  for  the  naAigjo 
of  the  river  Amazon.  Over  100  river  steamers  hn 
to  Para.  Most  of  them  Avere  made  in  England  n 
merchants  in  Para,  Manaos,  and  Iquitos  are  n 
tinually  purchasing  others  from  the  same  sc|cf 
Purchases  haA’e  been  made  also  in  the  United  Sris 
France,  and  Germany,  but  the  British  artic  i 
found  to  be  superior. 

Rubber  of  the  best  quality  is  produced  througju 
the  continent  Avatered  by  the  Amazon  betAveen  J: 
and  the  Andes  mountains  of  Peru,  and  the  mayt; 
of  authorities  on  the  subject  are  of  opinion  that  'r 
is  absolutely  no  fear  for  the  exhaustion  of  the  si  I 
of  rubber  in  the  Amazonian  States.  Distanced 
rapids  are  not  insurmountable  obstacles,  for  in  ir 
cases  this  produce  is  transported  as  much  as  (|0 
miles  before  it  reaches  Para ; and,  AA'hen  rapids  im  di 
the  Avay,  canoes  and  their  cargoes  are  hoisted  ojo 
the  Avater  and  rolled  along  the  banks,  sometime! 0 
several  miles,  until  naAugable  A\mter  is  reached,  u 
causes  much  delay  and  adds  expense,  but  it  is  fji^ 
in  the  end  that  distance  and  prolonged  transport: 
have  improA^ed  the  rubber,  so  that  AA’hen  it  arrivia 
its  destination  it  sells  for  higher  prices  than  (a 
collected  nearer  the  mouth  of  the  riA'er.  j 


larch  II,  1898-] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


387 


Notes  on  Books. 

♦ 

K Yf:ar  Book  of  British  Columbia.  By  R. 

Gosnell,  Librarian,  Legislative  Assembly,  and 
iecretar)'.  Bureau  Statistics.  Victoria,  B.C.  1897. 
die  Year  Book  of  British  Columbia  for  1897, 
ch  has  just  been  issued,  has  a special  chapter  on 
Canadian  Y'ukon,  giving  a very  full  account  of 
country,  and  ample  information  as  to  methods  cf 
diing  the  goldfields,  outfit,  &c.  There  is  also  a 
irate  map  of  the  district  on  a large  scale.  In 
ition  to  this,  the  book  contains  the  usual  informa- 
about  the  other  parts  of  the  colony. 


Introduction  to  Counting-house  and 
XAMINATION  BoOK-KEEPiNG : with  Examina- 

on  Papers  and  an  Appendix  on  Government 
ook-keeping.  By  John  Dalziel  Maclean.  London. 
\()2.  Key,  1892. 

)K-KEEPING  AS  A SPECIFIC  SUBJECT  IN  STAGES 
2,  and  3 : with  numerous  exercises  to  suit  the 
(juirements  of  the  graduated  course  approved  by 
e Education  Department.  By  J.  D.  Maclean, 
ondon.  1897. 

[le  author  points  out  that  Business  Book-keeping 
Examination  Book-keeping  are  very  different  in 
scope  and  aims,  and  in  the  first-named  work  he 
out  a set  of  transactions  from  the  business  books 
film  so  that  the  learner  may  gain  a knowledge  of 
iractice  of  book-keeping  as  well  as  of  the  theory, 
imens  of  papers  selected  from  Civil  Service, 
;ty  of  Arts,  Scotch  Leaving  Certificate,  and 
• Examinations  in  Book-keeping  are  added  and 
al  modes  of  solution  are  given. 

Part  I.  of  the  second  work  the  pupil  is  shown 
the  simplest  commercial  transactions  are  re- 
red  and  taught  the  use  of  the  day  or  sales-book, 
cc-book,  journal  and  ledger.  In  Part  II.  the 
hupil  is  introduced  to  some  of  the  more  compli- 
ll  forms  of  business  transactions  and  taught  the 
)f  the  cash-book,  day-book,  and  invoice-book  as 
tual  business.  In  the  third  part  the  practice  of 
|.ing-house  book-keeping  is  explained,  and  the 
I introduced  to  the  form -and  use  of  a warehouse- 
j.  The  whole  is  intended  as  an  introduction  to 
' till  higher  forms  of  Book-keeping  and  Account- 


General  Notes. 

♦ 

iTiSH  Shipping,  1897. — During  1897,  495  new 
, ^ of  775,144  tons,  have  been  classed  by  Lloyd’s 
i,ter.  Of  these  vessels,  450  of  730,166  tons  are 
ers,  and  45  of  44,978  tons  are  sailing  vessels, 
i spending  roughly  with  the  general  movement  of 
upbuilding  industry,  the  present  return  shows 
reasc  of  48  steamers  of  123,413  tons  and  15 


sailing  vessels  of  22,404  tons  as  compared  with  the 
similar  figures  for  1896.  98-5  per  cent,  of  the  ton- 

nage classed  has  been  built  of  steel;  and  about  i*2 
per  cent,  of  iron.  Sailing  tonnage,  which  formed 
25  per  cent,  of  the  total  tonnage  clas.sed  in  1891, 
30  per  cent,  in  1892,  and  18  per  cent,  in  1893,  forms 
less  than  6 ])er  cent,  of  the  present  total,  notwith- 
standing the  large  sailing  tonnage  built  in  Prance 
under  the  supervision  of  Lloyd’s  Register. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  Evenings,  at  8 o’clock  : — 
March  16. — “ The  Recent  History  of  Paper- 
making.” By  Clayton  Beadle. 

March  23. — “ The  Preparation  of  Meat  Extracts.” 
By  C.  R.  Valentine. 

March  30. — “ Telegraphy  Across  Space.”  By 
Professor  SiLVANUs  P.  Thompson,  E'.R.S.  J.  W. 
Swan,  E.R.S.,  will  preside. 

Dates  to  be  hereafter  announced  : — 

“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 
Water  Gas  and  its  Applications.”  By  Professor 
Vivian  Lewes. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  ; — • 
March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman- Johnson,  I.C.S.  The  Right 
Hon.  Sir  Henry  Fowler,  G.C.S.I.,  M.P.,  will 
preside. 

April  21. — “Recent  Railway  Policy  in  India.” 
By  Horace  Bell,  M.Inst.  C.E. 

April  28. — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 

The  meeting  of  March  31  will  be  held  at 
the  Imperial  Institute ; those  of  April  21, 
April  28,  and  May  19  at  the  Society  of  Arts. 

Foreign  and  Colonial  Section. 
Tuesday  Afternoons,  at  4.30  o’clock  : — 
March  15.— “The  West  Indies  and  Sugar 
Bounties.”  By  Nevile  Lubbock. 

Date  to  be  hereafter  announced  : — 

“The  African  : what  he  is,  and  what  he  is  capable 
of  becoming.”  By  the  Rev.  Godfrey  Dale  (Uni- 
versities Mission  to  Central  Africa). 

Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock  : — • 
March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B.  Sir 
John  Evans,  K.C.B.,  D.C.L.,  Treas.  R.S.,  will 
preside. 
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April  26. — “ The  Importance  of  Craftmanship.” 
By  Sir  William  Blake  Richmond,  R.A.,  K.C.B. 

May  10. — “The  Art  of  WiUiam  Morris.”  By  F. 
S.  Ellis. 

May  17. — “Practical  Points  in  Italian  Majolica 
Painting.”  By  William  Burton,  F.C.S. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
Thermo-Chemistry  of  the  Bessemer  Process.  ’ ’ 
Three  Lectures. 

Lecture  I. — March  14. 

Introduction  and  historical  notes — The  description 
and  chemical  technology  of  the  process — Plant  used 
■ — Modified  forms  of  converters — Fixed  and  moveable 
vessels — Side-blown  and  bottom-blown  charges — 
Recent  modifications,  as  the  Robert,  Tropenas,  and 
Walrand-Legenisel  processes — Evolution  of  heat 
during  the  “blow.” 

Lecture  II. — March  21. 

The  course  of  chemical  change  in  the  “blow” — • 
Thermo-chemical  data — Thermo-chemical  data  in  their 
application  to  metallurgical  operations — Assumed  com- 
position of  pig-iron  — Calculations  applied  to  the 
“acid”  and  the  “basic”  processes— Other  calcula- 
tions— Temperature  of  the  metal — The  study  of  the 
Bessemer  flame  and  its  spectrum. 

Lecture  III. — March  28. 

The  ‘ acid  ” process — Variations  in  the  flame  and 
spectrum  during  the  different  periods  of  the  “ blow  ” 

• — Variations  in  temperature  during  successive  intervals 
in  the  “boil”  and  “fining”  stages — The  “basic” 
process — Differences  in  the  flame  and  the  spectrum — 
Marked  difference  in  the  flame  of  the  “ over-blow  ” — 
Substances  discovered  in  the  flame  traced  from  the 
basic  charge  to  the  ore. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  March  14  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p m.  (Cantor  Lectures.)  Prof. 
W.  N.  Hartley,  “ The  Thermo-Chemistry  of  the 
Bessemer  Process.”  (Lecture  I.) 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 p.m.  Mr.  R.  W.  Wallace,  “ Electrical 
Industries  at  the  Foyers  Waterfall.” 

Imperial  Institute,  South  Kensington,  8|  p.m.  Mr. 

E.  A.  Fitzgerald,  “ The  Alps  of  New  Zealand.” 
Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8|  p.m. 

Sanitary  Institute,  74A,  Margaret-street,  W.,  8 p.m. 
Dr.  Alfred  Hill,  “ Diseases  of  Animals  in  Relation 
to  Food  Supply.” 

Medical,  ii,  Chandos-street,  W.,  8^  p.m. 

Tuesday,  March  15. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  4I  p.m.  (Foreign  and  Colonial 
Section.)  Mr.  Nevile  Lubbock,  “The  West 
Indies  and  Sugar  Bounties.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Professor  E.  Ray  Lankester,  “ The  Simplest  Living 
Things.”  (Lecture  IX.) 

Civil  Engineers,  25,  Great  George-street,  S.W., 


8pm.  Mr.  Henry  Fowler,  “Calcium  Cajd 
and  Acetylene.”  I 

Statistical  (in  the  Theatre  of  the  United  Snc 
Institution),  Whitehall,  S.W.,  5 p.m.  Miss  E 
Collet,  “The  Collection  and  Utilisation  of  0 ij 
Statistics  bearing  on  the  Extent  and  Effects  c|;l) 
Industrial  Employment  of  Women.” 
Pathological,  20,  Hanover-square,  W.,  8J  p.m.  | 
Photographic,  12,  Hanover-square,  W.,  8 In 
Mr.  W.  H.  Lascelles,  “ Half-Tone  Ncj  h 
Making.” 

Zoological,  3,  Hanover-square,  W.,  8J  p.m.  r): 
G.  Stewardson  Brady,  “ New  or  Imperf  I3 
known  Species  of  Ostracoda,  chiefly  from  e’ 
Zealand.”  2.  Mr.  E.  H.  J.  Schuster,  “A  e 
Flagellate  Protozoan  of  the  Genus  Lophomoi.: 
3.  Mr.  J.  T.  Cunningham,  “ The  Early  Post-L  -a 
Stages  of  the  Crab  (Cancer  pagurusj,  ani;h 
Affinity  of  that  Species  with  A telecyclus  hetero  t. 

Wednesday,  March  i6.. .SOCIETY  OF  ARTS,  John-sre 
Adelphi,  W.C.,  8 p.m.  Mr.  Clayton  Beadle,  h 
Recent  History'  of  Paper-making.” 
Meteorological,  25,  Great  George-street,  Y 

7 p.m.  Mr.  Arthur  W.  Clayden,  “ Photogra  n 
Meteorological  Phenomena.” 

Microscopical,  20,  Hanover-square,  W.,  8 n 
Mr.  C.  F.  Rousselot,  “Exhibition  of  Mo  ;e 
Rotifers.” 

Archaeological  Association,  32,  Sackville- street  (. 

8 p.m. 

Thursday,  March  17. ..Royal,  Burlington -house,  W.,  4^  n 
Antiquaries,  Burlington-house,  W.,  8^  p.m. 
Linnean  , Burlington-house,  W.,  8 p.m.  i.  0 
E.  B.  Poulton,  “Natural  Selection:  the  Ca  c 
Mimetic  Resemblance  and  Common  Wa  n 
Colours.”  2.  Dr.  Elliott  Smith,  “The  Bn  c 
the  Edentata,  including  Chlamydophorus.  ; 
Mr.  Clement  Reid,  “Limnocarpus  : a new  lu 
of  Fossil  Plants  from  the  Tertiary  Depos  c 
Hampshire.” 

Chemical,  Burlington  - house,  W.,  8 p.m  ] 
Drs.  Winifred  Judson  and  J.  Wallace  W:  ei 
The  Reduction  of  Bromic  Acid  and  the  L 0 
Mass  Action.”  2.  Drs.  R.  S.  Morell  and  M 
Crofts,  “ The  Action  of  Ferric  Chloride  otb 
Ethereal  Salts  of  Ketone  Acids.”  3.  Mr.  C 
Porter,  “Note  on  the  Volatility  of  Sulphur.  4 
Drs.  George  Young  and  Ernest  Clark,  “ Acti  0 
Ammonia  and  Substituted  Ammonias  on  Aceljis- 
ethane.” 

Royal  Institution,  Albemarle-street,  W.,  3 
Prof.  J.  A.  Fleming,  “ Recent  Researchi  in 
Magnetism  and  Diamagnetism.”  (Lecture  I 
Historical,  28,  Jermyn-street,  S.W.,  8|  p.m. 

Civil  Engineers,  25,  Great  George-street,  Sj'., 
8 p.m.  (“James  Forrest”  Lecture.)  Prof  or 
W.  Boyd  Dawkins,  “ Geology  in  Relatio  to 
Engineering.” 

Sanitary  Institute,  74A,  Margaret-street,  W.,  8 ‘O- 
Dr.  H.  Kenward,  “ Infectious  Diseases  id 
Methods  of  Disinfection.”  1 

Friday,  March  i8....Royal Institution,  Albemarle-street'., 
8 p.m.  Weekly  Meeting.  9 p.m.  Mr.  Jios 
Mansergh,  “The  Bringing  of  Water  to  BirnJ- 
ham  from  the  Welsh  Mountains.” 

East  India  Association,  Westminster  Town-H, 
S.W.,  4 p.m.  Sir  William  Wedderburn,  “i  i- 
cultural  Banks  for  India  : Practical  Experin  ts 
Wanted.” 

Quekett  Microscopical  Club,  20,  Hanover-sqije, 
W.C.,  8 p.m.  ; 

SATURD.A.Y,  March  iq... Royal  Institution,  Albemarle-st  t, 
W.,  3 p.m.  Professor  Walter  Raleigh,  “Ensh 
Letter  Writers,”  (Lecture  III.)  \ 
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U communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-sireet,  Adelphi,  Londott,  W.C. 


Notices. 


CANTOR  LECTURES. 

On  Monday  evening,  14th  inst.,  Professor 
^ Noel  Hartley,  F.R.S.,  delivered  the 
•st  lecture  of  his  course  on  “The  Thermo- 
‘lemistry  of  the  Bessemer  Process.” 

The  lectures  will  be  printed  in  the  Journal 
iring  the  summer  recess. 


IREIGN AND  COLONIAL  SECTLON. 
Tuesday  afternoon,  March  15,  1898  ; Sir 
.BERT  Rollit,  M.P.,  LL.D.,  in  the  chair, 
rhe  paper  read  was  “ The  West  Indies  and 
j Sugar  Bounties,”  by  Nevile  Lubbock. 
fhe  report  of  the  meeting  will  be  published 
the  number  of  the  Journal  for  April  i. 


INDE^S  APPARATUS  FOR 
LIQUEFYING  AIR. 

)r.  Linde’s  apparatus  for  liquefying  air, 
ch  was  described  by  Professor  Ewing 
the  paper  read  before  the  Society  on 
:dnesday,  March  9,  was  shown  in  action  in 
Library  of  the  Society  on  the  afternoons  of 
nday  and  Tuesday,  the  14th  and  15th  inst., 
i was  inspected  by  a number  of  visitors, 
he  pump  working  the  apparatus  was  driven 
m electric  motor,  kindly  lent  for  the  purpose 
Messrs.  Siemens  Bros,  and  Co.,  Limited. 

apparatus  itself  was  in  charge  of  Dr.  F. 
de,  who  was  assisted  by  Mr.  Lightfoot,  of 
Linde  British  Refrigeration  Co.,  Limited. 


THE  ALBERT  MEDAL. 
he  Council  will  proceed  to  consider  the 
rd  of  the  Albert  Medal  for  1898  early  in 
^ next,  and  they,  therefore,  invite  members 
»e  Society  to  forward  to  the  Secretary,  on 


or  before  the  9th  of  April,  the  names  of  such 
men  of  high  distinction  as  they  may  think 
worthy  of  this  honour.  The  medal  w'as  struck 
to  reward  “ distinguished  merit  for  promoting 
Arts,  Manufactures,  or  Comm.erce,”  and  has 
been  awarded  as  follows  in  previous  years : — 

In  1864,  to  Sir  Rowland  Hill,  K.C.B.,  F.R.S. 

In  1865,  to  hi.s  Imperial  Maje.sty,  Napoleon  III. 

In  1866,  to  Michael  Faraday,  D.C.L.,  P'.R.S. 

In  1867,  to  Mr.  (afterwards  Sir)  W.  Fothergll 
Cooke  and  Professor  (afterwards  Sir)  Charles  Wheat- 
stone, F.R.S. 

In  1868,  to  Mr.  (afterwards  Sir)  Joseph  Mliitworth, 
LL.D.,  F.R.S. 

In  1869,  to  Baron  Justus  von  Liebig,  Associate  of 
the  Institute  of  France,  For.  Memb.  R.S.,  Chevalier 
of  the  Legion  of  Honour,  8«:c. 

In  1870,  to  Vicomte  Ferdinand  de  Lesseps, 
Member  of  the  Institute  of  France,  Hon.  G.C.S.I. 

In  1871,  to  Mr.  (afterwards  Sir)  Henry  Cole, 
K.C.B. 

In  1872,  to  Mr.  (afterwards  Sir)  Henry  Bessemer, 

F.R.S. 

In  1873,  to  Michel  Eugene  Chevreul,  For.  Memb. 
R.S.,  Member  of  the  Institute  of  France. 

In  1874,  to  Mr.  (afterwards  Sir)  C.  W.  Siemens, 
D.C.L.,  F.R.S. 

In  1 875)  to  Michel  Chevalier. 

In  1876,  to  Sir  George  B.  Airy,  K.C.B. , F.R.S., 
late  Astronomer  Royal. 

In  1877,  to  Jean  Baptiste  Dumas,  For.Memb.  R.S., 
Member  of  the  Institute  of  France. 

In  1878,  to  Sir  Wm.  G.  Armstrong  (now  Lord 
Armstrong),  C.B.,  D.C.L.,  F.R.S. 

In  1879,  to  Sir  William  Thomson  (now  Lord 
Kelvin),  LL.D.,  D.C.L.,  F.R.S. 

In  1880,  to  James  Prescott  Joule,  LL.D.,  D.C.L., 
F.R.S. 

In  1881,  to  August  Wilhelm  Hofmann,  M.D., 
LL.D.,  F.R.S.,  Professor  of  Chemistry  in  the 
University  of  Berlin. 

In  1882,  to  Louis  Pasteur,  Member  of  the  Institute 
of  France,  For.  Memb.  R.S. 

In  1883,  to  Sir  Joseph  Dalton  Hooker,  K.C.S.I., 

C. B.,  M.D.,  D.C.L.,  LL.D.,  F.R.S. 

In  1884,  to  Captain  James  Buchanan  Eads. 

In  1885,  to  Mr.  (afterwards  Sir)  Henry  Doulton. 

In  1886,  to  Samuel  Cunliffe  Lister  (now  Lord 
Masham). 

In  1887,  to  Her  Majesty  the  Queen. 

In  1888,  to  Professor  Herman  Louis  Helmholtz, 
For.  Memb.  R.S. 

In  1889,  to  John  Percy,  LL.D.,  F.R.S. 

In  1890,  to  William  Henry  Perkin,  F.R.S. 

In  1891,  to  Sir  Frederick  Abel,  Bart.,  K.C.B., 

D. C.L.,  D.Sc.,  F.R.S. 

In  1892,  to  Thomas  Alva  Edison. 

In  1893,  to  Sir  John  Bennet  Lawes,  Bart.,  F.R.S., 
and  Sir  Henry  Gilbert,  Ph.D.,  F.R.S. 

In  1894,  to  Sir  Joseph  (now  Lord)  Lister,  F.R.S. 
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In  1895,  to  Sir  Isaac  Lowthian  Bell,  Bart.,  F.R.S. 
In  1896,  to  Prof.  David  Edward  Hughes,  F.R.S. 
In  1897,  to  George  Janies  Symons,  F.R.S. 

A full  list  of  the  services  for  which  the  medals 
were  awarded  was  given  in  the  last  number  of 
Journal. 


Proceedings  of  the  Society. 

4 

INDIAN  SECTION. 

Thursday,  March  lo,  1898;  The  Right  Hon. 
Sir  Mountstuart  Elphinstone  Grant 
Duff,  G.C.S.I.,  F.R.S.,  in  the  chair. 

The  paper  read  was — 

INDIA  AND  SIR  HENRY  MAINE. 

By  Charles  Lewis  Tupper,  C.S.I. 

The  principal  object  of  this  paper  is  to  attempt 
to  indicate  some  of  the  impressions  which  may 
be  entertained  by  any  Indian  civil  servant  of 
fairly  long  experience  in  regard  to  the  work 
which  Sir  Henry  Maine,  as  a jurist  and  a 
statesman,  did  for  India.  He  did  so  much  for 
Indian  policy,  Indian  administration,  and 
Indian  studies  that  any  member  of  my  service 
who  is  in  a position  to  realise  to  some  extent 
what  Maine  achieved  in  these  matters  might 
be  excused  if  he  ventured  to  record  his 
gratitude.  For  myself,  I may  be  allowed  to 
say  that  I have  had  in  the  Punjab  and  in  the 
Secretariat  of  the  Government  of  India  some 
special  opportunities  which  have  enabled  me 
to  trace  the  living  and  inspiring  influence  of 
Maine’s  ideas  in  certain  fields  of  policy  and 
administration  open  to  the  inspection  rather  of 
a few  officials  than  of  the  great  public  con- 
course of  learned  men.  I hope,  therefore,  to 
make  to  a well-known  record  some  small 
additions  of  my  own.  Moreover,  I heard 
Maine  deliver  in  the  hall  of  my  college  at 
Oxford  the  lectures  which  were  published  in 
his  book  entitled  “Village  Communities  in 
the  East  and  West ; ” and  his  pregnant  sug- 
gestions have  constantly  guided  my  work  in 
India,  and  throughout  my  life  have  chiefly 
inspired  my  studies,  whenever  I have  been 
able  to  find  time  for  any  studies  at  all.  For 
his  far-reaching,  penetrating,  and  illuminating 
genius  I have  a profound  admiration  ; and  I 
trust  that  the  enthusiasm  of  my  respect  will  be 
accepted  as  some  justification  for  my  entry  on 
my  present  somewhat  difficult  and  perhaps 
perilous  venture. 


I will  begin  with  some  biographical  detaij, 
The  most  remarkable  thing  about  Maine’s  l' 
was  that  he  was  eminently  successful  in  i 
least  four  separate  capacities — as  a profess^ 
a journalist,  a jurist,  and  a statesman.*  I 
his  energies  were  expended  in  the  dissemir 
tion  of  fruitful  ideas  ; and,  apart  from  i 
University  successes  and  the  honours  wh,i 
fell  thick  upon  his  later  years,  his  car'- 
exhibits  no  striking  personal  incidents,  it 
was  indeed  connected  in  philosophy,  as,i 
statesmanship,  with  historical  tendencies  ; l|t 
not  with  historical  events. 

Henry  Sumner  Maine  was  born  on  Aug.  , 
1822.  From  1829  to  1840  he  was  at  Chri:s 
Hospital,  and  in  the  latter  year  proceededs 
an  exhibitioner  to  Pembroke  College,  Cs- 
bridge.  After  a most  brilliant  Univery 
career,  in  which  he  was  Senior  Classic  d 
Chancellor’s  Junior  Classical  Medallist,  |e 
became  a Tutor  at  Trinity  Hall,  and  at  !e 
unusually  early  age  of  25  was  appoini 
Regius  Professor  of  Civil  Law.  In  1850:0 
was  called  to  the  Bar,  and  he  was  for  see 
time  Reader  in  Jurisprudence  and  Civil  I^v 
at  the  Middle  Temple.  He  began  to  write t 
periodicals  as  early  as  1841,  and  waS|a 
constant  contributor  to  the  Saturday  Revm 
from  the  time  of  its  first  appearance  in  it,. 
In  1861,  when  he  was  nearly  40  years  of  a', 
he  published  “Ancient  Law,’’  which  at  0 e 
made  his  reputation.  In  1862  he  was  appoir  d 
Law  Member  of  the  Council  of  the  Goverr- 
General  of  India,  an  office  which  he  held  11 
1869.  On  his  return  to  England  he  s 
elected  Corpus  Professor  of  Jurisprudencat 
Oxford,  and  in  1870  was  appointed  a 'e 
member  of  the  Council  of  the  Secretaryif 
State  for  India.  He  was  created  a K.C.'-. 
the  next  year.  In  1877  he  became  Mastenf 
Trinity  Hall,  Cambridge,  and  ten  years  It 
Whew'ell  Professor  of  International  Law  atl'e 
same  University.  The  dates  of  his  w(|.s 
subsequent  to  “Ancient  Law”  were  these:- 
1871,  “Village  Communities  in  the  Eastjd 
West  ; ” 1875,  “ The  Early  History  of  Insfu- 
tions  ; ” 1883,  “ Early  Law  and  Custoir” 

and  1885,  “Popular  Government.”  He(d 
of  apoplexy  at  Cannes  on  February  3, 
and  his  Cambridge  lectures  on  “ Internatifjal 
Law”  were  published  in  September  of  jd 
year,  the  sheets  being  passed  through  le 
press  by  Mr.  Frederic  Harrison  and 
Frederick  Pollock. 


* See,  as  to  this,  an  article  in  the  Saturday  Reviy^ 
bruary  ii,  1888,  quoted  in  Sir  M.  Grant  Duff’s  voy^i 
. 79  ff. 
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During  Maine’s  tenure  of  office  as  Law 
Member  of  Council  209  Acts  were  passed  by 
the  Indian  Legislature.  We  may  see  alike  in 
India  and  in  Japan  that  when  progress  in 
imitation  of  our  own  civilisation  begins  anew 
in  a society  popularly,  but  perhaps  not  rightly, 
described  as  a stationary  society,  the  move- 
ments of  centuries  of  normal  growth  may  be 
compressed  into  tens  of  years.  Thus  India 
now  advances  very  rapidly  in  legal  develop- 
ment ; and  in  the  thirty  years  since  Maine 
left  India  the  greater  part  of  the  legislation  of 
his  day  has  been  recast.  This  circumstance 
detracts  in  no  way  from  his  very  high  reputa- 
tion as  a legislator.  It  must  be  remembered 
that  the  legislative  department  of  the  Govern- 
ment of  India  is  not  an  initiating  department. 
Its  function  is  to  embody  in  the  appropriate 
technical  shape  projects  of  law  of  which  the 
policy  has  been  approved  by  the  E.xecutive 
Government.  Maine  never  attempted  (it 
would,  I think,  have  been  entirely  foreign  to 
his  character  to  attempt)  to  signalise  his 
tenure  of  office  by  the  enactment  of  any 
specially  notable  laws.  With  a sobriety  of 
judgment  and  a sagacious  self-control  which 
distinguished  him  in  all  practical  affairs,  he 
limited  himself  to  the  actual  requirements  of 
his  time ; and,  as  he  himself  said,  would 
indeed  have  welcomed  any  suggestion  by 
which  the  amount  of  legislation  falling  to  his 
hands  could  have  been  diminished.  The  great 
legacy  which  Maine  left  to  India  does  not 
zonsist  in  positive  enactments,  but  in  luminous 
ideas  and  comprehensive  principles  to  be 
.gathered  less  from  the  statute-book  than  from 
lis  speeches  and  writings. 

To  borrow  his  own  classification,  most  of 
-he  Acts  which  he  passed  fall  into  one  or  other 
if  four  groups. 

First  there  was  legislation  “intended  to 
iring  up  law  which  was  common  to  England 
ind  India  to  the  pitch  of  improvement  which 
t had  reached  at  home.”  In  this  class  he 
nstanced  the  Mercantile  Law  Amendment  Act 
ind  the  Indian  Companies’  Act.  Here  it  may 
|>ufifice  to  say  that  the  great  value  of  the 
mercantile  legislation  effected  in  his  time  was 
irominently  acknowledged  on  the  occasion 
5 resigning  office  at  a meeting  of  the 
..ouncil  of  the  Governor-General. 

Lext  there  were  enactments  affecting  the 
■ivil  usages  or  religious  opinions  of  the  people 
>f  the  country.  In  this  class  we  may  include  the 
^ills  he  introduced  or  passed  for  the  remarriage 
•f  native  converts  and  for  the  civil  marriage 
’f  natives  ; and  it  may  be  accepted  on  the 


I authority  of  Sir  Alfred  Lyall  that  “the  whole 
I spirit  of  our  law-making  in  social  reforms 
during  the  second  half  of  the  Victorian  era 
may  be  traced”  to  Maine’s  influence. 

The  third  class  of  Acts  comprised  the  draft 
chapters  of  the  Indian  Civil  Code,  prepared  by 
the  Law  Commission  then  sitting  in  England. 
Only  one  of  these  drafts,  that  relating  to 
succession,  was  carried  through  Council  by 
Maine  himself ; but  he  was,  as  I am  about  to 
explain,  a most  powerful  advocate  of  codifica- 
tion. 

The  fourth  class  existed  because  the 
Imperial  Legislature  is  also  the  Local  Legisla- 
ture for  provinces  which  have  not  Legislative 
Councils  of  their  own.  There  was  a constant 
demand  for  judicial  and  other  improvements 
affecting  the  machinery  of  the  administration, 
and  this  demand  had  to  be  met  by  the  Council 
of  the  Governor-General. 

It  will  be  best  to  consider  these  two  classes 
of  legislation  together.  They  suggest  the 
question  what  was  the  place  occupied  by 
Maine  in  the  general  development  of  Indian 
legislation  which  has  occurred  since  the 
Mutiny. 

That  catastrophe  caused  the  reconstruction 
of  the  army,  and  the  re-establishment  of  tl  e 
political  system  on  a new  foundation.  It  also 
hastened  in  law  as  in  administration  a recon- 
struction which  was  probably  in  any  case 
inevitable.  Our  point  of  interest  here  is  that 
legal  development  in  India  appears  to  illustrate 
some  principles  which  Maine  discerned  in  the 
course  of  legal  history  at  large. 

“ Even  jurisprudence  itself,”  he  said, 
“ cannot  escape  from  the  great  law  of 
evolution.”  Progress,  or  at  any  rate  the 
series  of  changes  from  barbarism  to  civilisa- 
tion, proceeds  from  the  simple  to  the  complex  ; 
ideas,  functions,  sets  of  rights  originally 
. blended  are  separated  as  society  advances. 
Thus  in  some  early  societies  the  ideas  of  law, 
morality,  and  religion  are  interfused  not  only 
with  each  other,  but  with  cosmogony.  If  we 
take  politics,  we  see  that  in  early  times  the 
king  is  almost  always  a judge  and  a leader  in 
war,  and  often  a chief  priest,  these  functions 
devolving  separately  on  others  as  progress  is 
made.  If  we  take  law,  joint  property  precedes 
severalty,  status  precedes  contract,  the  unit 
of  ancient  society  is  the  group,  of  modern 
society  the  individual  ; and  a great  part  of 
legal  history  is  the  history  of  the  growth  of 
individual  right.  Such  are  some  of  Maine’s 
doctrines  or  inferences  which  could  be  drawn 
or  defended  from  his  writings.  I have  said 
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nothing  here  which  could  not  be  illustrated 
from  Indian  facts  ; but  any  extensive  verifica- 
tion or  criticism  of  Maine’s  opinions  by  the 
aid  of  Indian  experience  would  require  not 
such  a paper  as  the  present,  but  a good  many 
essays  or  even  volumes.  At  the  moment  I 
have  merely  to  show  that  the  main  principle, 
which  underlies  these  doctrines  is  illustrated 
by  the  history  of  legislation  in  India. 

Let  us  take  for  instance  the  disentanglement 
of  the  blended  strands  of  authority.  By 
letters  patent  of  1726  the  local  governments  at 
Madras,  Bombay,  and  Fort  William,  which 
w^re  of  course  executive  authorities,  were 
constituted  courts  of  appeal  in  civil  cases,  and 
required  to  hold  quarter  sessions  for  the  trial 
of  all  offences  except  high  treason.  After 
considerable  vacillations  in  the  judicial 
arrangements  for  Bengal,  we  find  the 
Governor- General  and  the  members  of  Council 
final  judges  of  appeal  in  1801,  when  their 
powers  in  this  behalf  were  transferred  to  a 
chief  judge  and  puisne  judges.  The  Governor 
of  Madras  ceased  to  be  a judge  only  in  1807. 
The  Governor  of  Bombay  in  Council  exercised 
certain  appellate  powers  till  1827.  The  union 
of  legislative  and  executive  powers  lasted 
much  longer,  and  in  a sense  lasts  still.  Till 
1833  regulations  of  the  three  presidencies 
were  edicts  having  the  force  of  law  emanating 
from  executive  authorities.  Even  then  for 
twenty  years  there  was  no  distinction  between 
the  executive  Council  and  the  legislative 
Council  of  the  Governor-General  except  that 
the  Law  Member  had  power  to  sit  and  vote 
only  when  meetings  were  held  for  the  purpose 
of  making  laws.  In  1853  for  this  purpose  new 
members  were  added,  two  of  them  Judges  of 
the  Supreme  Court  at  Calcutta,  and  the  others 
appointed  severally  by  the  local  governments. 
At  this  time  also  discussion  became  oral.  The 
year  before  Maine  came  to  India  the  Indian 
Councils’  Act  was  passed,  which,  as  amended 
in  1892,  regulates  the  present  system.  During 
Maine’s  period  of  office  the  only  remnant  of 
judicial  authority  left  in  the  hands  of  the 
Governor-General  was  that  which  is  still  held 
by  the  Crown  in  this  country  in  the  shape  of 
the  prerogative  of  pardon.  But  in  Maine’s 
time  certain  legislative  authority  could  be 
exercised  by  the  Governor-General  alone,  and 
can  now  be  exercised  by  the  same  authority  or 
by  the  Governor-General  in  Executive  Council. 
Under  the  23rd  section  of  the  Act  of  1861  the 
Governor-General  alone  can,  in  cases  of 
emergency,  make  ordinances  having  the  force 
of  law  to  run  for  not  more  than  six  months ; 


and  under  a Statute  of  1870,  to  which  I sha: 
refer  again,  the  Governor- General  in  hi 
Executive  Council  can  make  regulations  havin 
the  force  of  law  for  wild  and  backwari 
tracts.  This  statute  was  passed  just  aft(; 
Maine’s  time,  but  largely  on  his  initiative. 

If  we  look  lower  down  below  the  summit  (i 
government  we  shall  still  see  the  same  proce.* 
at  work — the  gradual  fission  and  specialisatic 
of  public  authority.  Maine  marked  and  note, 
with  emphasis  the  decay  in  his  day  of  di; 
cretionary  administration  all  over  India.  Th 
discretionary,  or,  as  it  was  also  callet 
patriarchal  rule,  was  a modified  version  of  tb 
personal  rule  of  our  predecessors^  and 
involved  down  to  the  base  of  the  offici; 
pyramid  something  like  the  same  union  ■ 
powers  which  I have  described  as  existin 
at  its  apex.  The  despatch  of  March  31,  184c 
which  constituted  the  Punjab  Board  ( 
Administration,  directed  that  every  civ 
functionary,  from  the  Board  to  the  Karda'i, 
should  be  invested  with  judicial,  fiscal,  an 
magisterial  powers.  The  Chief  Commission( 
of  the  Punjab  issued  numerous  circulars  whic 
were  practically  law.  Even  the  early  Depui 
Commissioners  were  not  only  judges  an 
governors  of  districts  or  counties,  they  wei 
also  law-givers  in  so  far  as  they  acted  in  leg; 
matters  on  rules  of  their  own  devising.  Vei 
soon  laws  'were  prescribed  for  them  by  tl 
Board  of  Administration  or  the  Chief  Commi; 
sioner ; and  by  the  time  Maine  came  to  Ind 
discretionary  administration  had  yielded  to  ne 
forces  even  in  the  Punjab,  once  its  great  strong 
hold.  This  kind  of  administration,  as  Mair 
pointed  out,  “ is  inconsistent  with  the  existenci 
of  regular  Courts  and  trained  lawyers.”  Bi| 
he  added  that  since  these  must  be  tolerated,  tl 
proper  course  is  to  discover  expedients  1 
which  the  tendency  of  legislation  to  hamp< 
discretion  may  be  minimised.  He  deserves, 
think,  the  gratitude  of  all  district  officers  f 
making  that  remark. 

The  sense  of  individual  right  in  proporticj 
to  its  strength  is  opposed  to  discretional 
administration.  The  growth  of  this  feeling  i 
India  is  a matter  of  common  observation,  an 
it  is  a part  of  the  general  change  whic 
includes  the  decadence  of  personal  rule.  W 
see  in  many  parts  of  India,  either  actual! 
proceeding  or  as  an  accomplished  fact,  tl 
disintegration  of  the  tribe,  the  village,  th 
joint  family.  Tribal  or  village  committee| 
cease  to  be  the  arbiters  of  disputes,  becausi 
every  man  may  lay  his  claim  in  the  neare." 
law'  court.  Under  I>ax  B^Itannica,  tribc| 
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- village  cohesion  is  no  longer  necessary  for 
rotection  in  chronic  warfare,  and  grows  less 
scessary  than  it  used  to  be  for  protection 
^rainst  open  brigandage.  The  enhanced 
due  of  joint  property  suggests  and  stimulates 
artition.  Enterprise,  prompted  by  education 
nd  facilitated  by  railways  and  good  roads, 
raws  villagers  from  one  part  of  the  country  to 
nother,  and  turns  the  son  of  the  peasant  into 
le  ciitcherry  clerk,  or  newspaper  writer,  or 
‘tty  advocate.  In  many  provinces  we  trans- 
ute  relations,  many  of  which  it  is  no  metaphor 
I term  feudal  relations,  between  chief  and 
issal,  peasant  proprietor  and  serf,  or  between 
fferent  classes  of  peasant  proprietors,  into  a 
w of  landlord  and  tenant,  giving  new  names 
old  things  which  have  already  changed  and 
evitably  change  still  more  as  we  handle  them, 
he  remark  that  the  units  of  ancient  society  are 
•oups,  and  of  modern  society  individuals,  is 
a measure  confirmed  when  we  see  that 
vilisation  itself  is  the  solvent  of  old-world  ties 
India.  The  activity  of  legislatures,  the 
gular  working  of  the  Courts,  the  bar,  the 
hools,  and  the  universities,  all  promote  the 
owth  of  individual  right.  The  improvement 
communications  between  India  and  England 
duces  the  servants  of  Government  to  promote 
partly  because  we  are  less  orientalised  than 
^ used  to  be,  partly  because,  with  or  without 
le  cause,  we  grow  more  and  more  anxious  to 
able  to  justify  what  we  do  by  arguments 
lich  will  commend  themselves  to  English 
blic  opinion. 

All  this  means  the  impact  of  Western 
/ilisation,  and  in  Maine’s  day  it  led  to  a 
ofold  demand  for  new  laws.  Legislation 
IS  necessary  to  support  proceedings  which 
t long  before  would  have  been  regulated  by 
?re  executive  orders  ; and  greater  commercial 
tivity  and  free  resort  to  the  Courts  disclosed 
ps  in  the  legal  system  which  were  being 
rtially  and  awkwardly  filled  up,  almost  at 
phazard,  by  disjoined  fragments  of  English 
w.  The  Courts,  under  the  name  of  justice, 
uity,  and  good  conscience,  took  their  law 
I m English  text-books  when  they  had  no 
I’.er  guide.  Putting  aside  the  religious  law, 

! luding  the  law  of  succession  and  the  land 
there  was  really  very  little  law  in  the 
'-intry,  and  the  little  Maine  found  was  vague 
d conflicting.  He  argued  that  legislation  is 
orocess  which  perpetually  goes  on  wherever 
bre  is  a civilised  government ; that  if  you 
H not  hive  legislation  by  the  Legislature, 
would  have  legislation  by  the  Courts — 
process  which  could  not  be  controlled  by 


considerations  of  expediency.  His  remedy 
was  “ a code  which,  without  going  overmuch 
into  detail,  should  set  forth  fundamental 
principles  with  as  much  simplicity  as  was 
compatible  with  accuracy  ” Such  a code,  he 
said,  “ would  perfectly  well  fit  in  with  native 
usage  when  it  was  wholesome  ; nor  was  there 
any  fear  that  English  law,  characterised  as  it 
was  by  good  sense  and  logical  coherence,  would 
fail  to  supply  the  greatest  part  of  the  material.” 

Such  was  Maine’s  view  on  the  important 
question  of  codification  in  India.  As  to  the 
actual  course  of  legislation  it  seems  to  me  to 
illustrate  the  contact  of  civilisation  with  archaic 
societies  awakening  to  new  forms  of  life,  and 
the  possibility  of  extraordinarily  rapid  pro- 
gression when  certain  conditions  are  fulfilled. 
I may  condense  some  of  Maine’s  conclusions 
by  saying  that  in  many  early  societies  the  bulk 
of  the  law  consists  of  penal  law  and  procedure. 
As  between  the  primitive  groups,  there  is 
robbery  and  bloodshed ; within  the  primitive 
groups,  rights  are  neither  disentangled  nor 
defined,  and  as  yet  their  definition  is  far  less 
important  than  the  means  of  redress.  For  the 
means  of  redress  you  want  a procedure,  and 
to  check  the  violence — a penal  law.  Now  when 
we  actually  began  codification  in  India  two  or 
three  years  before  Maine  got  there,  the  laws 
we  passed  were  the  Indian  Penal  Code  and  the 
Codes  of  Civil  and  Criminal  Procedure.  In 
most  parts  of  India  the  things  most  needed  are 
to  keep  the  peace,  to  suppress  violent  crime, 
and  to  provide  simple  means  of  redress  in 
simple  cases  ; and  I do  not  believe  it  was  by 
mere  accident  that  we  thus  met  the  primary 
legal  wants  of  the  miscellaneous  archaic 
societies  under  our  Government. 

The  subsequent  movements  resulted  from  the 
joint  operation  of  complicated  forces,  and  can 
be  mentioned  here  only  in  very  brief  and 
general  terms.  The  era  of  codification  lasted 
till  1882,  though  the  process  itself  of  codifica- 
tion was  to  a slight  extent  resumed  in  1890. 
Many  of  the  Acts  regarded  as  forming  part  of 
the  Indian  Civil  Code  are  limited  to  special 
classes,  chiefly  to  European  or  Europeanised 
classes,  or  for  some  other  reason  have  as  yet 
no  considerable  effect  amongst  the  many 
millions  of  peasants  who  make  up  the  mass  of 
the  native  population.  But  two  chapters  in 
the  Code  stand  out  in  prominent  relief — the 
Law  of  Evidence  and  the  Law  of  Contract. 
Now  the  Law  of  Evidence  was  required  to 
complete  procedure,  and  the  Law  of  Contract 
to  meet  that  growth  of  individual  right  which 
we  have  stimulated  in  India. 
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But  how  are  we  to  justify  the  production  of 
a Law  of  Contract,  the  symbol  and  fruit  of 
mature  civilisation,  so  soon  after  a penal  law 
and  a law  of  procedure  supplying  the  primary 
needs  of  archaic  communities  ? The  answer 
is  that  civilisation  had  not  been  the  slow, 
indigenous  growth  of  ages,  but  had,  in  terms 
of  historic  time,  quite  suddenly  been  brought 
to  those  communities  from  without.  They  had 
little  or  no  provision  for  a commercial  activity 
protected  by  the  operation  of  regular  Courts 
and  enormously  extended  by  peace  and 
security,  by  railways  and  telegraphs  and  good 
roads.  Moreover,  in  proportion  as  individuals 
sever  themselves  from  the  tribe,  the  village,  or 
the  joint  family,  and  assert  their  separate 
rights,  they  pass  out  of  a circle  where  custom 
holds  each  in  his  place  into  a sphere  where  the 
regulative  force  is  contract. 

One  movement,  then,  the  movement  of 
codification,  may  be  summed  up  by  its  most 
conspicuous  results — a Penal  Law,  a Law  of 
Procedure,  and  a Law  of  Contract.  But  while 
the  era  of  codification  was  at  its  height, 
another  era,  that  of  local  laws,  had  already 
begun.  Two  tendencies,  I think,  are  now  at 
work,  and  both  illustrate  the  specialisation  of 
functions  or  systems  which  accompanies 
development.  We  are  localising  legislation, 
and  we  are— more  often  as  yet  through  the 
central  than  through  any  local  legislature — 
supplying  local  needs,  province  by  province, 
bypassing  local  laws,  some  of  them  containing 
important  provisions  of  substantive  law,  but 
most  of  them  constituting  or  elaborating  the 
machinery  of  administration. 

When  in  1853  ^ ^^^e  legislature  first  ap- 
peared in  India,  the  powers  of  legislation, 
formerly  exercised  by  the  Governments  of 
Madras  and  Bombay,  had  been  concentrated 
since  1833  in  the  Council  of  the  Governor- 
General.  Nor  was  the  stream  of  legislation 
thus  drawn  into  a single  channel  again  severed 
till  1861.  Legislatures  were  then  constituted 
for  Madras,  Bombay,  and  Bengal,  and  have 
long  since  Maine’s  day  been  constituted  for 
the  North-West  Provinces,  the  Punjab,  and 
Burma.  Of  local  laws,  I may  instance  the 
Laws’  Acts,  the  Courts’  Acts,  and  District 
Board  and  Municipal  Acts  of  many  provinces  ; 
and  more  important  than  any  of  these  the 
series  of  local  Acts  by  which  during  the  last 
seventeen  years  either  the  law  of  landlord  and 
tenant,  or  the  land  revenue  law,  or  both,  have 
been  thoroughly  revised  in  the  whole  of 
Northern  India. 

I can  now  attempt  some  answer  to  the. 


question  what  was  Maine’s  place  in  the  |g; 
history  which  I have  imperfectly  sketJe( 
Maine  came  to  India  at  the  height  oih 
period  of  Code-making,  which  began  wit  :h 
appointment  of  the  first  law  commissic  i 
1834,  ended  with  the  passing  oftf 

Transfer  of  Property  Act  in  1882.  It  di(b( 
fall  to  his  lot  greatly  to  advance  the  Co(i  t 
specific  enactments,  but  no  one  more  cl  rl 
perceived  or  forcibly  defended  its  neced' 
There  had  been  a true  legislature  in  Mi 
since  1853,  but  it  had  till  1861  been  a sjgl 
Council.  Maine  saw  the  commencemei  ( 
the  era  of  the  local  legislatures,  and  ir!;h 
Punjab  Tenancy  Act  and  the  Oudh  Temc 
Act  the  commencement  of  a most  impo'ii 
era  of  local  laws.  He  perceived  the  dec  ( 
discretionary  administration,  and  saw  tha  h 
transition  ought  to  be  dealt  with  by  tie! 
legislation  which  should  not  destroy  discrio 
where  that  ought  to  be  maintained.  The 
changes  which  were  proceeding  in  his  ir 
were  expedited,  not  caused,  by  the  Min 
The  constitutional  change,  however,  ird 
system  of  government  directly  due  ted 
mutiny  supplies  me  with  a phrase  to  su  r 
the  position.  I think  that  in  the  departei 
of  law  Maine  was  the  presiding  genius  0 d 
transition  from  India  of  the  Company  to  Mi 
of  the  Queen. 

I pass  now  from  Maine  the  Law  Memh  ( 
Council  to  Maine  the  writer  of  books.  H 
never  constructed  a complete  scienc'  ( 
jurisprudence,  still  less  a complete  scien:  ( 
sociology.  His  works  have  been  desciie 
as  groups  of  essays  rather  than  systerti 
treatises  ; but  they  appear  to  me  to  poss'3 
certain  unity.  He  never  published  a reie 
edition  of  “Ancient  Law,”  but  that  0' 
contains  the  germinal  ideas  out  of  which  al  Is 
he  wrote  was  unfolded.  Why  was  he  )n 
cerned  with  the  relation  of  early  legal  ide  t 
modern  thought  ? For  one  reason,  th  gl 
very  far  from  being  a party  politician,  hefa 
interested  in  the  political  tendencies  oli>u 
time.  He  perceived  the  connection  betei 
the  modern  Law  of  Nature — the  progejeo 
alike  of  International  Law  and  of  the  ide  0 
the  French  Revolution — and  the  Stoic  La:  0 
Nature,  the  goal  of  legal  progress  in  an  :n 
Rome.  It  was  by  this  route  that  he  wa;'e( 
to  the  consideration  of  modern  democracy n( 
of  unrealised  ideals  for  the  restriction  of 
But  these  theories  of  a Law  of  Nature,  wh' 
influence  upon  the  affairs  of  mankind  :a 
been  so  enormously  disproportioned  to 
credibility,  were  also  theories  of  jurisprud^e 
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they  were  in  truth  mere  figments  of  the  mind 
lere  was  a sound  philosophy  of  jurisprudence 
be  found  ? Maine  answered  in  the  history 
law  interpreted  by  a scientific  method  ; and 
ecially  in  the  history  of  early  institutions, 
cause  they  are  simplest  in  form  and  contain 
3 germs  of  the  institutions  of  the  modern 
>rld.  This  led  him  to  examine  Roman  law 
a typical  system,  and  to  compare  the 
)man  and  o^her  ancient  systems  of  law  and 
d property  with  each  other.  Conspicuous 
longst  these  other  ancient  systems  w'ere 
3se  easily  open  to  view  in  India.  Even  when 
was  decorating  the  temple  of  history  with  the 
issic  frescos  of  “Ancient  Law”  he  occa- 
?nallyused  some  Indian  colour;  and,  indeed, 
;re  is  in  that  book  one  small  study  of  the 
dian  village  community  which  is  equal  to 
ything  Maine  subsequently  gave  us  on  the 
me  theme.  But  it  was  in  the  three  books 
It  Maine  wrote  next  after  his  return  from 
dia  that  his  Indian  experience  was  ever 
3sent  with  him.  He  passed  in  review  the 
sh  tribe,  village  institutions  in  the  East 
d West,  including  the  mark  and  the  manor, 
d some  of  the  many  forms  of  the  family — the 
man  patriarchal  family,  the  Hindu  joint 
nily,  the  East  European  house  community, 
d,  far  earlier  structurally  than  any  of  these, 
lyandrous  arrangements  and  systems  of 
)ther-kin  elucidated  by  Lubbock,  Morgan, 
d McLennan.  In  nearly  all  of  these  he 
-V  some  principle  of  development,  and  in 
heating  it  used  freely  two  great  Indian 
titutions — the  village  and  the  joint  family, 
e Indian  tribe  or  caste  and  the  Raj  or 
ncipality  he  hardly  touched.  In  the  only 
portant  passage  where  he  did  speak  on  the 
mation  of  clans  and  castes  in  India,  he  relied 
essays  from  the  pen  of  a writer  on  Indian 
ijects,  who,  if  I may  venture  very  respectfully 
say  so,  stands  on  the  same  level  with  Maine 
nself  as  an  interpreter  of  archaic  societies. 
!iine  said  that  a new  epoch  began  in  certain 
ban  investigations  when  Sir  Alfred  Lyall 
I s appointed  Commissioner  of  Berar  ; and  I 
,nk  all  Indian  civil  servants  who  have  read 
'Vsiatic  Studies”  would  be  likely  to  concur 
jthat  observation. 

. remember  being  told  at  Oxford,  in  the 
;ir  1870  or  thereabouts,  that  Maine  was 
^<ious  to  write  his  “Village  Communities” 
Lore  he  forgot  what  he  had  to  say.  It  was 
ightful  to  hear  of  something  so  entirely 
nan  in  one  I regarded  as  so  great.  The 
t chapter  of  that  book  is,  I think,  from  an 
lian  point  of  view,  one  of  the  most  important 


that  he  overwrote.  India,  he  said,  is  “the 
great  repository  of  verifiable  phenomena  of 
ancient  usage  and  ancient  juridical  thought ; ” 
but  everything  characteristic  of  it  is  being 
quickly  spoilt  for  scientific  purposes  by  the 
influx  of  Western  ideas.  It  behoved  us,  there- 
fore, to  examine  Indian  usages  before  it  was 
too  late.  He  ended  by  saying — “ It  is  by 
Its  indirect  and  for  the  most  part  unintended 
influence  that  the  British  power  metamorphoses 
and  dissolves  the  ideas  and  social  forms 
underneath  it  ; nor  is  there  any  expedient  by 
which  it  can  escape  the  duty  of  rebuilding 
upon  its  own  principles  that  which  it  unwillingly 
destroys.” 

But  what  are  some  of  the  principles  upon 
which  this  work  of  reconstruction  is  being 
carried  out  ? One  is  the  principle  of  the  Law 
Commissions — the  adaptation  of  simplified  and 
it  may  be  improved  versions  of  English  law  to 
the  conditions  of  native  society.  That  is 
probably  an  inevitable  principle,  where  India 
supplies  no  materials,  or  very  scanty  materials, 
for  the  legislature  to  take  in  hand.  Another 
is  that  the  country  must  be  governed  in 
harmony  with  the  established  usages  of  the 
people,  so  far  as  those  usages  are  not 
flagrantly  opposed  to  our  ideas  of  right  and 
wrong,  as,  for  instance,  in  the  cases  of  female 
infanticide  and  satz.  On  this  principle  there 
has  been  more  metamorphosis  than  dissolution, 
and  we  have  often  repaired  and  modernised 
the  dilapidated  structures  of  our  predecessors, 
or  when  we  have  rebuilt  them  have  used  the 
old  materials  for  the  job.  Something  like  this 
we  have  done  in  several  departments  on  an 
enormous  scale  throughout  the  countrv.  Our 
administrative  system — I mean  our  hierarchy 
of  local  governments,  commissioners,  district 
officers  and  their  assistants,  taken  with  the 
Courts  linked  to  each  other  by  a lengthy  chain 
of  appeal — is  an  inheritance  from  the  Moghals, 
no  doubt  vastly  strengthened  and  diversified 
so  that  it  is  with  difficulty  recognisable  in 
its  rehabilitated  condition,  now  standing  out 
with  striking  clearness  in  an  unaccustomed 
atmosphere  of  law.  Our  land  revenue  system 
is  a native  system  improved.  The  internal 
political  system,  that  is,  the  system  of  relations 
between  the  British  Government  and  the  native 
States,  is  a strengthened  reproduction  of  an 
important  part  of  the  Delhi  Empire.  I have 
shown  what  Maine  held  should  be  done  where 
the  land  lies  empty  of  the  laws  and  institutions 
needed  under  the  new  conditions  of  civilised 
rule  ; and  I propose  now  to  trace  some  of  our 
obligations  to  him  in  connection  with  those 
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systems  where  we  have  built  on  an  Indian 
foundation  with  indigenous  materials — the  land 
revenue  system,  the  political  system,  and  the 
general  system  of  administration. 

As  regards  this  last,  I have  already  men- 
tioned his  advocacy  of  discretion  where 
discretion  can  be  allowed.  Just  as  his  keen 
historic  insight  enabled  him  to  perceive  how 
deep  and  broad  a gulf  lies  between  the  semi- 
civilisations or  barbarisms  of  different  parts  of 
India  and  the  actual  civilisation  of  the  West, 
so  also  it  brought  home  to  him  in  what  widely 
separated  stages  of  growth  stand  the  different 
sections  of  the  Indian  population  and  at  what 
different  rates  of  advance  progress  is  possible, 
for  instance,  on  the  Pathan  frontier  or  in  the 
Presidency  division,  in  the  jungles  of  the 
Central  Provinces,  or  in  the  suburbs  of  Bombay. 
It  was  in  accordance  with  a despatch  drafted 
by  Maine — the  draft  is  printed  in  the  collection 
of  minutes  which  forms  part  of  Sir  Mountstuart 
Grant  Duff’s  volume  of  Maine’s  life  and 
speeches — that  the  Statute  of  1870  was  passed, 
to  which  I have  already  referred.  That  Statute 
enabled  the  Government  to  give  us  the  Punjab 
Frontier  Regulations.  When  the  Statute  has 
been  applied  to  any  territory  the  local 
Government  may  propose  draft  regulations 
which  can  be  approved  in  the  Executive 
Council  of  the  Governor-General,  and  thereupon 
acquire  the  force  of  law.  This  enactment  has 
been  of  the  utmost  benefit  to  the  Punjab 
frontier  districts,  and  we  probably  have  Maine 
to  thank  for  it  more  than  any  one  else. 
The  point  is  the  more  noticeable  because  the 
Penal  Code  and  the  Code  of  Criminal  Procedure 
having  already  been  passed,  Maine  made  few 
direct  contributions  to  the  criminal  law  of 
India.  This  indirect  contribution  has  been, 
however,  of  very  great  importance.  When  in 
1886  we  consolidated  and  largely  revised  the 
regulations,  producing  the  new  edition  of  them 
wEich  is  contained  in  the  Punjab  Frontier 
Crimes  Regulation,  1887,  the  influence  of 
Maine’s  teaching  was  of  the  greatest  use  to 
us.  I am  in  a position  to  say  this  with  some 
confidence  because  I was  secretary  to  the 
committee  which  prepared  the  Regulation, 
and  drafted,  under  the  instructions  of  the 
committee,  both  the  Regulation  itself  and  the 
report  which  accompanied  it.  We  had  to  deal 
with  an  archaic  tribal  society,  full  of  violence, 
prone  to  conceal  crime,  and  eaten  through  and 
through  with  blood  feuds.  We  had  to  deal 
with  habits  of  mind,  which  not  merely  excused 
murder,  but  made  the  commission  of  it,  in 
certain  circumstances,  a point  of  duty  or 


honour.  Our  legal  remedies  were  primitiveL 
type,  but  adapted  to  civilised  administrati(|. 
We  arranged,  as  before,  to  refer  to  Councils|f 
Elders  questions  of  guilt  or  innocence,  ai, 
as  a new  proposal,  civil  matters  in  dispu, 
when  the  dispute  might  lead  to  a breachif 
the  peace.  These  councils  are  modelled  J 
but  not  exactly  copied  from,  those  jirgas^' 
tribal  councils,  which  have  been  of  late  > 
conspicuous  in  the  Afridi  war.  Moreover,  ; 
greatly  enlarged  the  law  of  security.  Dou  ■ 
less  we  looked  back  to  another  ancient  sociei, 
to  a tim.e  in  this  country  when  jurymen  were'i 
effect  witnesses,  and  when,  by  the  system  f 
frankpledge,  the  men  of  a tithing  were  • 
sponsible  each  for  any  offence  of  any  of  1; 
rest.  We  did  not,  of  course,  pedantically  ' 
to  imitate  Anglo-Saxon,  or,  as  it  is,  I belie  , 
more  correct  to  say,  Anglo-Norman  insli- 
tions.  We  based  our  project  on  the  facts  ^ 
found.  But  that  Maine  had  taught  us  • 
compare  one  archaic  society  with  another,  a I 
to  accept  as  part  of  the  course  of  nature  so:; 
of  the  differences  between  tribal  and  civilis;! 
society,  helped  us  both  in  understanding  (: 
case  and  in  reporting  it. 

Another  service  for  which  we  in  the  Punjd 
at  any  rate,  owe  him  much,  is  his  diagnosis! 
the  relation  of  Hindu  law  to  the  customary  1/ 
of  the  country.  Originally  our  Courts,  ar. 
indeed,  our  Parliament,  supposed  “thatl; 
sacerdotal  Hindu  law  corresponded  nearly  > 
the  English  common  law,  and  w^as  at  least  t; 
substructure  of  all  the  rules  of  life  followed  ^ 
Hindus.”  But  it  came  in  time  to  be  perceivl 
that  Hindu  law  was,  with  some  local  variatioij, 
but  one  set  of  customs  which  Brahman  expositf 
had  manipulated  for  their  own  purposes,  and  tf; 
there  were  large  bodies  of  local  or  trill, 
custom  in  existence  outside  the  range  of  t; 
written  law.  This  is  the  view  taken  ' 
Maine,*  and  it  is,  I think,  a matter  of  con:|- 
quence  to  the  administration  of  justice  tha'i: 
has  the  sanction  of  his  high  authority.  i 

Passing  from  the  Courts  to  the  Reven; 
Department,  I note  some  other  great  servic; 
done  by  Maine.  Not  the  least  of  them  is  thi 
that  he  prepared  the  minds  of  scholars  t 
Europe  for  the  reception  of  the  sort  of  eviden': 
which  Indian  revenue  officers  are  able  ' 
supply ; whilst  at  the  same  time  he  helped  1 
in  India  to  maintain  or  re-establish  men  . 
contact  with  educated  men  at  home.  “P 
conviction,”  he  said,  “ is  that  what  is  wantii' 
to  unveil  the  stores  of  interest  contained  r- 

— — j' 

*“  Early  Law  and  Custom,”  pp.  6-7.  “Village  CCj- 
munitics,”  pp.  52-3.;  | 
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idia  is,  first,  some  degree  of  sympathy  with 
1 ignorance  which  very  few  felicitous  efforts 
ive  yet  been  made  to  dispel,  and  next  the 
nployment  of  a phraseology  not  too  highly 
)ecialised.”  He  set  us  an  excellent  example 
these  respects  in  his  many  allusions  to 
ings  Indian.  In  particular  his  brief  explana- 
}n  of  the  nature  of  Indian  settlements  and  of 
e Indian  judicial  system*  are,  I venture  to 
ink,  amongst  the  most  felicitous  attempts  to 
lighten  the  English  public  on  the  elements 
Indian  affairs  that  exist  in  English  litera- 
re. 

Of  the  three  great  branches  of  our  revenue 
stem — the  assessment  of  the  Government 
mand,  the  framing  of  the  Record  of  Rights, 
d the  regulation  of  the  status  of  landlords 
d tenants — I am  not  aware  that  Maine  ever 
ndled  the  first ; nor,  indeed,  was  it  any  part 
his  work,  either  as  jurist  or  statesman,  to  do 
. I distinguish  between  the  preparation  of 
^ Record  of  Rights  and  the  Law  of  Landlord 
d Tenant  because  that  law,  mainly  the 
-ation  of  British  rule,  has  acquired  a 
)arate  place  both  in  fact  and  in  the  Statute- 
)k ; though,  of  course,  the  specification  of 
rights  relating  to  agricultural  land  includes 
definition  of  those  peasant  rights  which  we 
/e  discriminated  in  Western  phraseology. 

1 the  two  famous  controversies  relating  to 
^ant  right  which  occurred  in  his  time,  Maine 
jyed  an  important  part.  But  I have  no 
.ce  here  to  review  the  Oudh  Talukdari 
;stion,  or  the  question  of  Punjab  tenant 
ht.  I will  merely  say  that  the  speech  on 
I Punjab  question,  reprinted  in  Sir  Mount- 
jirt  Grant  Duff’s  book,  is,  I think,  the  best 
j/erread  in  the  debates  of  the  Legislative 
jincil  in  India,  and  that  even  now,  after  the 
:|3e  of  thirty  years,  it  is  well  worth  the  study 
Punjab  revenue  officers, 
j'f  other  ways  in  which  Maine  has  influenced 
ii  definition  of  rights  in  land  effected  partly 
>1  the  Settlement  officers,  partly  by  the 
nrts,  and  partly  by  the  Legislature,  I will 
r ition  two : one  known  to  all  the  learned 
^ Id,  and  the  other  probably  only  to  few  or 
I e besides  Punjab  officials.  When  I came 
( he  Punjab  one  of  the  documents  which 
r le  up  the  Record  of  Rights  was  known  as 
1 Village  Administrative  Paper.  This  docu- 
r t was  partly  a record  of  village  custom 
cjting  to  land  and  its  produce,  and  partly  a 
^’|ten  agreement  for  term  of  settlement. 

^ )ngst  other  customary  rules,  it  included 
^ s regarding  succession  and  adoption. 

• See  “Village  Communities,”  Lecture  II. 


In  1865  the  practice  began  of  recording  such 
customary  rules  for  tribes  instead  of  for 
villages,  and  in  this  way  a part  of  the  old 
Village  Administration  Paper  has  expanded 
into  the  Statements  of  Tribal  Custom,  w’hich 
are  now  always  prepared  at  time  of  settlement. 
Between  1873  and  1880  the  work  of  investi- 
gating Punjab  tribal  custom  was  systematised, 
and  the  duty  of  framing  the  questions  which 
were  to  be  used  for  the  purpose  was  entrusted 
to  me.  I brought  the  subject  up  to  date  in 
1880,  and  have  since  examined  the  results  of 
subsequent  inquiries  made  through  the  Settle- 
ment Department.  I am  thus  in  a position  to 
say  first  that  the  very  extensive  inquiries  which 
have  been  made  were  partly  suggested  and 
certainly  stimulated  by  Maine’s  opinion  that 
Indian  usage,  already  crumbling  under  the 
pressure  of  our  system,  should  be  studied 
quickly  if  its  study  was  to  be  of  scientific  use  ; 
and,  secondly,  that  his  doctrines  of  the 
evolution  of  property,  and  of  the  law  of  the 
family  and  of  succession,  have  been  of 
inestimable  value,  to  us  in  our  endeavours  to 
formulate  the  principles  of  Punjab  tribal 
law. 

The  achievement  known  to  the  learned 
world  is  Maine’s  account  of  the  early  history 
of  property,  the  process  of  feudalisation,  and 
the  decay  of  feudal  property  in  France  and 
England.  This  includes  his  description  of  the 
Irish  tribe,  and  his  discussions  of  village 
communities  in  the  East  and  West.  The 
subject,  in  fact,  is  nothing  less  than  his  view 
of  the  general  history  of  property  in  land.  In 
one  section  of  this  extensive  field  of  research 
a whole  literature  has  sprung  up  chiefly,  though 
not  exclusively,  from  seed  of  his  sowing. 
Phear,  Seebohm,  Gomme,  and  Baden-Powell, 
amongst  others,  have  all  written  on  the  village 
community,  and  all  acknowledge  their  obliga- 
tions to  Maine.  One  effect  in  India  of  Maine’s 
teaching  here  is  that  we  can  never  again 
confound  Indian  and  English  ideas  of  landed 
property.  Much  w'ork  has  already  been  done, 
and  more  will  I hope  be  done  in  the  way  of 
examining  or  re-examining  the  numerous  forms 
of  landed  property  existing  in  the  various  dis- 
tricts or  provinces  of  India  with  a view  to  fixing 
some  place  for  each  form  in  some  order  of 
development.  We  may  not  be  agreed  what 
that  order  is,  and  perhaps  many  or  most  of  us 
may  think  that  there  is  no  one  universal  order, 
but  that  severalty,  like  civilisation  itself,  or 
like  the  adaptation  of  species  to  their  environ- 
ments, has  been  attained,  doubtless  under 
the  operation  of  natural  laws,  which  may  be 
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discoverable,  but,  nevertheless,  by  very  varied 
and  complex  processes  in  different  parts  of  the 
world.  Many  who  are  interested  in  the  history 
of  property  will  perhaps  feel  with  me  that 
Maine  started  us  on  the  right  path  of  inquiry, 
even  if  it  was  not  given  to  him  to  prophecy  to 
what  points  it  would  lead  various  inquirers  in 
narrower  fields.  In  so  far  as  we  assimilate 
Maine’s  method,  I think  our  work  will  be 
improved  ; and  it  certainly  adds  vastly  to  its 
interest  to  be  able  to  feel  that  accurate 
descriptions  of  Indian  forms  of  property  are 
real  contributions  to  modern  science. 

I have  reserved  for  the  close  of  this  paper 
the  two  greatest  services,  as  they  appear  to 
me,  which  Maine  rendered  to  India.  Here  I 
speak  of  Maine  both  as  author  and  statesman, 
and  I have  again  to  make  a distinction  similar 
to  that  which  I made  just  now.  One  service 
was  done  to  India  in  particular,  and  to  the 
British  Empire  through  India  ; that  is  known, 

I believe,  at  present  only  to  a few  specialists. 
The  other  was  done  to  science,  and  is 
generally  known  to  men  of  learning.  In  that 
service  India  merely  has  her  share. 

Maine  more  than  any  other  person  I can 
name  facilitated  the  development  of  the  Indian 
political  system.  The  principles  of  that  system 
were  not  settled  till  after  the  Mutiny.  Doubt- 
less it  had  been  understood  from  the  beginning 
of  the  century  that  the  British  Government 
was  the  paramount  power,  and  this  position 
had  involved  the  control  of  the  foreign  relations 
of  native  States.  But  that  the  policy  and 
practice  of  the  Government  of  India  in  its 
relations  with  native  States  were  quite  un- 
systematic up  to  the  time  of  the  Mutiny  will 
be  readily  seen  from  the  abstract  of  the 
discussions  on  the  annexation  of  Oudh,  and 
of  Lord  Canning’s  despatches  on  the  adoption 
question,  which  I gave  in  a book  published  in 
1893.  It  is  true  that  Lord  Dalhousie,  firmly 
believing  in  the  superiority  of  British  rule, 
was  in  favour  of  taking  every  just  opportunity 
to  incorporate  State  territory  with  the  British 
dominions.  But  his  policy  of  annexation  was 
most  wisely  abandoned.  One  fundamental 
principle  of  the  system  which  now  exists,  the 
principle  that  the  preservation  of  native  rule 
is  desired  by  the  British  Government,  was 
declared  in  the  Amnesty  Proclamation  of  1858, 
and  in  the  promises  to  recognise  adoptions  of 
their  successors  made  by  ruling  chiefs  con- 
tained in  Sanads  issued  on  the  departure  of 
Lord  Canning  from  India  in  March,  1862.  Two 
other  fundamental  principles  were  laid  down 
by  Maine  in  his  minute  on  the  Kathiawar 


States,  published  in  Sir  Mountstuart  Gut 
Duff’s  volume.  Maine  pointed  out  that  w' e 
sovereignty  is  divisible,  independence  is 
not ; and  that  the  mode  or  degree  in  wl 
sovereignty  is  distributed  between  the  Bri 
Government  and  any  given  native  Statijis 
always  a question  of  fact,  which  has  tcbe 
separately  decided  in  each  case.  It  foil/s 
that  there  is  in  India  only  one  indepenciit 
sovereign  — the  British  Government.  i.e 
sovereignty  of  ruling  chiefs  is  always  limijl. 
To  one  or  other  of  the  principles  I have  nanii, 
including  the  acquisition  before  the  Mutinoj 
a supremacy  which  comprised  the  w le 
external  sovereignty,  may,  I think,  be  refe:;d 
all,  or  nearly  all,  the  rules  and  princiis 
affirmed  in  a long  series  of  decided  cases  in 
i860  to  the  present  day.  The  formation  ofii 
present  system — a system  wise,  humane,  ic 
untouched  by  sinister  or  party  influence:'-] 
have  long  regarded  as  one  of  the  gresls 
though  least  known  of  the  achievements  of  k 
British  Government  in  India.  The  enornii 
range  of  this  benignant  work  is  evident  In 
familiar  statistics.  The  native  States  conii 
about  one-third  of  the  area,  and  not  much  s: 
than  one-fourth  of  the  population  of  India,  K 
they  are  governed  by  more  than  600*  rui^ 
chiefs.  The  vast,  intricate,  and  varied  hs! 
of  relations  between  these  numerous  Stie: 
and  the  British  Government  is  on  the  wa  t( 
being  reduced  to  the  sort  of  symmetry  w :1 
belongs  to  international  law.  Maine  he'ic 
in  this  process  chiefly  by  the  judicious  appla 
tion  of  rules  drawn  from  international  law  ■ ^ 
sphere  where  that  law  as  such  and  as  a who  ii 
excluded  by  the  suzerainty  of  the  Queen,  'hi 
he  did  in  numerous  papers,  of  which  \] 
four  have  been  published.  Fortunately, 
Kathiawar  minute  is  amongst  these  fjr 
That  minute  is  an  excellent  illustration  on( 
co-ordinating  energy  of  Maine’s  ideas.  'Ii 
the  ordinary  course  of  business  he  laid  4'! 
two  principles  ; and  forthwith  fragments  0]  if 
old  India  of  the  Rajas  which  preceded  iK 
has  in  places  survived  Moghal  supremacy, |i( 
great  mass  of  the  broken  Empire  of  Delhi,  k 
some  more  or  less  amorphous  structures  rape 
on  a Hindu  basis  by  Mahratta  conqu^' 
of  Mohammedans,  began  to  be  rearrariif 
by  many  successive  hands  on  principlelii 
harmony  with  the  history  of  India,  and  cap'h 
of  clear  statement.  Or,  if  we  look  tojn 
results  in  our  own  minds,  a whole  assembj^' 
of  notions,  dim,  ill-conceived,  and  jumlie 


* The  Indian  Statistical  Atlas  gives  the  number  at 
return  prepared  in  the  Foreign  Office,  in  1893,  at  703.  ] 
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intellect  to  bear  upon  practical  problems  of 
Indian  administration  ; and  he  brought  the 
results  of  Indian  researches  to  bear  upon 
modern  European  thought.  He  said  that 
the  theory  of  the  common  Ar}'an  parentage  of 
Englishman  and  Hindu— a theory  derived  from 
comparative  philology-  made  Indian  govern 
ment  easier.  I do  not  dispute  that  assertion, 
but  I could  not  myself  make  it  with  any 
confidence.  I am,  on  the  other  hand,  sure  that 
when  Maine  said  that  “institutions,  like  forms 
of  organic  life,  arc  subject  to  the  great  law  of 
evolution,”  he  did  enunciate  a principle  which 
has  greatly  lightened  our  task,  and  is  likely  to 
lighten  it  more  and  more  as  the  principle 
itself  becomes  more  widely  accepted.  Mutual 
tolerance,  for  instance,  is  easier  when  educated 
Indians  and  Europeans  perceive  that  India  of 
to-day  teems  with  analogies  to  the  past  of 
Europe.  And  the  conception  of  stages  of 
growth  in  society  leads  directly  to  the  con- 
viction that  the  institutions  of  any  community 
should  correspond  to  its  existing  stage  of 
growth,  though  they  must  be  varied  in  novel 
environments.  Maine  was,  so  far  as  I know, 
the  first  to  turn  the  bright  light  of  this  principle 
of  evolution  upon  the  already  melting  mists 
which  shroud  and  distort  Indian  facts  under 
estern  observation.  In  his  case  a part  of 
the  saying  of  Mark  Antony  is  reversed,  for  the 
good  that  Maine  did  to  India  lives  after  him, 
and  we  have  not  yet  gathered  all  of  its  fruits. 
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rether,  began,  at  his  initiative,  to  take  upon 
•mselves  a lucid  and  orderly  arrangement, 
fl  to  draw  to  themselves  others  to  be  ranged 
,h  equal  effect,  the  whole  process  resembling 
! formation  of  a disciplined  army  out  of  a 
lb  by  the  reiteration  of  words  of  command. 
The  eminent  service  to  science,  in  which 
lia  has  her  share,  is  that  Maine  taught  the 
plication  of  a really  scientific  method  in 
idical  and  sociological  inquiries.  If  India 
s indebted  to  Maine  as  a jurist  and  a 
tesman,  Maine  as  a jurist  was  indebted  to 
lia,  as  he  has  himself  explained.  He 
,hed  on  a whole  science  a whole  stage  in 
,’ance,  and  besides  this,  contributed  largely 
the  formation  of  a new  science.  Mont- 
uieu,  he  held,  had  pointed  out,  had  indeed 
rcstimated,  the  effect  of  the  environment 
institutions  ; Bentham  and  Austin  had 
^mpted  to  constructa  system  of  jurisprudence 
the  strictly  scientific  process  of  “ the 
•ervation,  comparison,  and  analysis  of  the 
ious  legal  conceptions.”  But  I do  not 
pose  there  will  be  any  dissent  from  Maine’s 
lark  that  what  had  stood  before  his  time  in 
place  of  a science  of  jurisprudence  had 
n,  with  these  exceptions,  for  the  most  part 
et  of  guesses.  India,  as  Maine  said  in 
Rede  Lecture  for  1875,  gave  to  the 
Id  comparative  philology  and  comparative 
thology  ; and  it  was  comparative  philology 
ch  suggested  to  Maine  the  science 
comparative  jurisprudence.  That  again 
Jght  him  to  the  threshold,  perhaps  beyond 
threshold,  of  sociolog}q  though  he  refrained 
1 giving  to  the  new  science,  which  he 
saw,  that  or  any  other  name.  In  India, 
laid,  are  the  materials  for  this  new  science, 
Its  world  “ of  Aryan  institutions,  Aryan 
oms,  Aryan  laws,  Aryan  ideas,  Aryan 
-fs,  in  a far  earlier  stage  of  growth  and 
'lopment  than  any  which  survive  beyond 
•orders.”  So  true  is  it  that  one  discovery 
s on  to  another,  that  had  it  not  been  for 
A illiam  Jones  and  the  study  of  Sanskrit, 
ne  might  never  have  written  “Ancient 
• ” As  it  was,  Maine  stood  between  the 
and  the  West,  between  the  present  and 
oast,  the  interpreter  alike  of  archaic  and 
odern  ideas.  Gibbon’s  History  has  been 
pared  to  an  undecaying  arch  spanning  the 
'S  between  the  old  world  and  the  newu 
le  bridged  the  same  gulf  in  the  region  of 
B and  he  did  more,  for  he  laid  down 
'anent  lines  of  mental  communication 
een  the  students  of  two  continents.  He 
?ht  the  results  of  European  research  and 


DISCUSSIOX. 

The  Chairman  said  : — I am  sure  any  friend  of 
Sir  Henry  Maine  who  may  be  present  will  have 
listened  with  great  pleasure  to  the  testimony  that 
has  been  borne  to  his  genius  by  one  who  has  been 
long  in  contact  with  the  facts  of  Indian  country  life. 
Maine  never  had  much  ojqmrtimity  of  coming  into 
contact  with  these.  His  knowledge  was  gathered 
from  reading  and  conversation  ; he  saw  with  the 
eyes  of  others.  Such,  however,  was  his  mar\ellous 
power  of  divining  the  truth,  that,  as  Mr.  Tuj)per  has 
told  us,  before  he  ever  set  foot  in  India  he  had  written 
admirable  pages  about  the  Indian  village  system. 
Mr.  Tupper  has  said  very  truly  that  the  great  legaev 
which  Maine  left  to  India  did  not  consist  in  “positi\e 
enactments,  but  in  luminous  ideas  and  comprehensixe 
principles  embodied  in  his  speeches  and  minutes.”  I 
suppose  it  is  quite  certain  that  the  form  in  vxhich 
these  “luminous  ideas  and  comprehensive  principles” 
appeared  in  the  Statute-book,  owed  a very  great  deal 
to  another  extremely  able  man,  Mr.  AVhitley  Stokes. 
The  reader  of  the  paper  has  further  told  us  that 
Maine  was,  in  the  department  of  the  law,  the  pre- 
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siding  genius  in  the  transition  of  the  government  of 
the  Company  to  that  of  the  Queen.  How  little  men 
can  anticipate  their  fate.  In  the  earlier  days  of  my 
friendship  with  Maine  he  was  the  most  brilliant 
writer  on  the  side  of  the  Court  of  Directors.  I do 
»ot  remember  anything  that  he  wrote  at  any  later 
period  more  eloquent  than  a passage  which  I quoted 
from  an  article  contributed  by  him  to  the  Saturday 
Review,  in  the  brief  memoir  affixed  to  his  speeches 
and  minutes,  which  was  published  some  years  ago. 
Mr.  Tupper  is  perfectly  right  in  saying  that  the 
Statute  of  1870,  which  has  been  of  so  much  service  in 
the  Punjab  frontier  districts,  is  more  due  to  Maine 
than  to  any  one  else.  I can  say  so  with  confidence 
because  it  was  I who  carried  it  through  the  House  of 
Commons,  and  I was  in  constant  communication  with 
him  about  it.  Veiy  happy  also  is  another  remark  of 
Mr.Tupper’s : “Not  the  least  of  Maine’s  services  is  this, 
that  he  prepared  the  minds  of  scholars  in  Europe  for 
the  reception  of  the  sort  of  evidence  which  Indian 
Revenue  officers  are  able  to  supply,  whilst  at  the 
same  time  he  helped  us  in  India  to  maintain  or  re- 
establish mental  contact  with  educated  men  at  home. 

‘ My  conviction,’  he  said,  ‘ is  that  what  is  wanting  to 
un'veil  the  stores  of  interest  contained  in  India  is, 
first  some  degree  of  sympathy  with  an  ignorance  which 
very  few  felicitous  efforts  have  yet  been  made  to  dispel ; 
and  next,  the  employment  of  a phraseology  not  too 
highly  specialised.  He  set  us  an  excellent  example  in 
these  respects  in  many  allusions  to  things  Indian.” 
Excellent,  too,  Avas  Mr.  Tupper’s  reference  to  what 
Maine  did  for  jurisprudence  in  following  the  lead  of 
what  had  been  done  by  others,  in  building  up  with 
Indian  materials  comparative  philology  and  eompara- 
tive  mythology  ; but  there  are  many  here  who  are 
better  fitted  than  I to  discuss  that,  as  well  as  a great 
many  other  topics  touched  on  in  Mr.  Tupper’s 
valuable  paper,  and  I would  call  on  one  of  these  to 
continue  the  discussion.  I see,  for  example,  we  have 
present  to-day  Mr.  Frederic  Harrison,  who  was  one 
of  the  earliest — if  not  the  earliest—  of  Maine’s  pupils 
in  Stone-buildings,  Lincoln’ s-inn,  and  who  wrote  a 
review  of  “Ancient  Law,”  of  which  the  author  of 
that  great  work  spoke  to  me,  at  the  time  it  appeared, 
in  the  very  highest  terms.  I will  ask  Mr.  Hanison  to 
continue  the  discussion. 

Mr.  Frederic  Harrison  said  they  were  dealing 
that  night  with  Sir  Henry  Maine’s  w'ork  almost 
entirely  from  the  Indian  point  of  view,  on  wffiich 
subject  he  (Mr.  Harrison)  had  very  little  knowdedge. 
It  was  his  privilege  when  a young  law  student  to 
listen  to  the  lectures  given  in  the  Middle  Temple 
Hall,  which  eventually  became  the  work  on  Ancient 
Law.  These  lectures  had  filled  him  with  the  deepest 
admiration  and  interest.  He  had  been  one  of  those 
wffio  urged  the  publication  of  Sir  Henry  Maine’s 
W'ork,  which  it  w^as  believed  would  be  likely  to  have 
great  influence  on  the  thought  of  the  day.  He  would 
only  say  that  the  admiration  and  regard  that  he  had 
for  Sir  Henry  Maine’s  work  while  a student  of  his 


had  been  developed  throughout  the  whole  of  his  ; 
and  he  rejoiced  to  see  so  distinguished  an  audu'e 
gathered  together  to  listen  to  an  eloquent  paper  dj . 
ing  with  the  life-wmrk  of  one  ^^ho  had  been  a ma|r 
to  many  of  them,  and  a friend  to  all. 

Mr.W.LEE-WARNER,  C.S.I.,  while  acknowledjjg 
the  admirable  character  of  the  paper  just  read,  wi‘id 
to  press  one  point  rather  further  than  Mr.  Tu]  ;r 
had  done.  Sir  Henry  Maine  was  only  eight  yeai ){ 
age  wffien  Sir  John  Malcolm  wrote  a brilliant  mile 
on  the  advantages  of  preserving  the  native  Stis, 
and  even  before  Maine’s  birth,  British  courts  of  vv 
had  ruled  that  the  extent  of  sovereignty  possessec  ry 
a nation  wms  a question  of  fact.  The  third  princie 
attributed  to  Maine,  namely,  the  divisibility oi 
sovereignty,  was  denied,  it  is  true,  by  nearly  e y 
authority  of  the  day,  whether  Gennan,  Frenclni 
English ; but  the  warmth  with  which  John  Ai  n 
repudiated  the  ‘ ‘ political  mongrel  ” of  a semi-sover  ii 
State  showed  that  there  were  some  at  least,  worttil 
attack,  who  held  the  Hew.  ISIaine  was,  there)  2, 
not  the  founder  of  these  three  principles  mentic  ;d 
by  the  reader  of  the  paper,  but  he  was  essentially'ie 
great  man  who  adopted  and  illuminated,  andsc 
enabled  others  to  adopt,  the  fundamental  prindle 
that  the  attributes  of  sovereignty  are  many,  and  fil 
the  native  States  can  be  regarded  as  semi-sover ;r 
in  respect  of  those  attributes,  or  parts,  of  a il 
sovereignty  which  they  do  possess  in  a greate 01 
less  degree.  In  the  present  day  there  were  sie 
who  avoided  Maine’s  conclusion  by  regardingn 
semi-sovereignty  of  the  native  States  as  constituti'a 
and  not  international.  The  distinction  was  on  0; 
considerable  importance.  That  Maine  referreric 
international  conceptions  when  he  placed  the  m.>t 
States  in  the  category  of  semi-sovereignties  was  cai 
from  the  Minute  on  Kathiaw’ar,  printed  at  page 'n 
of  the  Chaiiman’s  memoir.  He  wrote  : “ I am  cte 
conscious  of  the  difficulty  of  applying  intematial 
rules  and  international  conceptions  in  India,  bdl 
that  difficulty  must  be  faced,  my  opinion  is  that  le 
Kathiawar  States  enjoy  some  measure  (althouga 
very  limited  measure)  of  sovereignty  ; and  't, 
therefore,  the  territory-  they  include  is  proyly 
styled  foreign  territory.”  In  other  words,  le 
conceptions  of  international  law-  led  him  :o 
recognise  these  States  as  in  a measure  forl;n 
ten'itory.  More  practical  and  explicit  was  4s 
conclusion  that,  “ on  the  assumption  that  hr- 
national  mles  in  some  sense  or  other  apply  to'ie 
case,”  therefore  the  British  Government  was  bo|d, 
with  due  regard  to  international  rules,  by  its  OAvn's- 
claimer  of  sovereignty,  “until  a new  state  of  tbj^s 
arises  through  war  or  treaty,”  which,  it  is  tc^e 
observed,  are  the  essential  methods  of  change  kn  'n 
to  international  law.  The  full  significance  ofps 
view  is  best  appreciated  by  reference  to  the  court  is 
and  able  criticisms  of  Professor  Westlake  on  a mast 
contribution  to  the  subject  w'hich  the  speaker  mac  in 
his  “ Protected  Princes  of  India.”  Professor  "W  t- 
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lake,  in  his  “ Principles  of  International  Law,”  would 
(lot  admit  that  the  native  States  were  semi-sovereign 
n the  eye  of  international  law,  because  they  had  no 
iori  of  foreign  relations.  He  wrote:  “To  inter- 
; lational  law  a State  is  sovereign  which  demeans  itself 
IS  independent ; a State  is  semi-sovereign  to  the  ex- 
ent  of  the  foreign  relations  which  the  degree  of  its 
practical  dependence  allows  it ; and  it  is  non-existent 
f no  foreign  relations  are  allowed  it.”  Now  the  speaker 
IS  well  as  Sir  Henry  Maine  knew  that  by  this  test  the 
lative  States  of  India  could  have  no  international 
existence,  for  they  have  not  a shred  of  foreign 
j elations,  u hich  are  exclusively  in  the  hands  of  their 
I notector,  the  British  Government.  Yet,  Sir  Hemy 
Vlaine  deliberately  labelled  them  as  semi-sovereign 
States,  in  respect  of  those  other  attributes  of  a com- 
pete set  of  the  rights  of  sovereignty,  which  in  a 
jreater  or  less  degree  they  enjoyed.  Professor 
^Vestlake,  by  the  force  of  his  argument,  was  com- 
I idled  to  challenge  Mr.  Lee-Warner’s  plea  for  the 
guarded  application  of  the  term  sovereign  States, 
Und  he  summed  up  his  conclusion  in  these  terms,  at 
I lage  224 of  his  “ Pnnciples”  : — “Their  positionis  inter- 
1 nediate  to  those  of  a self-governing  colony  and  of  a 
Yown  colony.  It  is  a position  of  constitutional 
hough  not  of  international  semi-sovereignty.”  Mr. 
.ee-Wamer  submitted  with  respect  that  that  was  not 
Maine’s  view,  and  the  distinction  had  a very  practical 
learing  both  on  the  methods  of  the  British  Govern- 
, aent  in  dealing  with  the  States,  and  on  the  attitude 
j'f  the  public  mind  towards  them.  If,  as  Maine  argued, 
l atemational  ideas  are  to  be  applied  to  the  intercourse 
f the  paramount  power  with  the  protected  states,  then 
, follows  that  -within  the  exercise  of  the  attributes  of 
overeignty  left  to  the  States,  their  rulers  are  entitled 
0 the  respect  and  independence  which  the  idea  of 
itemational  law  so  powerfully  secures.  They  must 
e treated  with  either  gently  by  agreement  and  con- 
ent,  or,  if  need  be,  more  roughly  by  the  equivalent 
f “ -war,”  where  international  law  w'ould  justify 
•arlike  operations  ; but  they  are  not  to  be  subjected 
l3  that  constant  pressure  of  law'  or  authority  w'hich  is 
ailed  constitutional.  The  States  are,  as  Maine  put 
, “foreign  territoiw’,”  beyond  the  pressure  of  the 
reat  ever-moving  constitutional  glacier.  If  the 
*>ritish  Government  has  not  got  in  a particular 
'istance  what  it  sometimes  has  in  a native  State, 
amely,  a share  of  its  own  in  that  attribute  of 
lavereignty,  which  is  called  internal  administration, 
must  receive  what  powers  it  w'ants,  as,  for 
istance,  a concession  of  railway  jurisdiction,  from 
le  ruler  of  that  State  by  delegation  or  trans- 
':r.  It  cannot  take  it  by  the  constitutional 
lethod  of  enacting  a law'  of  its  own.  Another  con- 
jquence  follows  from  this  fundamental  distinction, 
he  public  mind,  however  impatient  of  reform,  recog- 
jises  that  foreign  territory  is  over  the  boundar}'  of  its 
j donning  playground.  Mental  associations  are  often 
lore  powerful  than  logic,  and  the  best  defence  of  the 
jative  States  against  the  pressure  of  reformers,  or 
laople  fond  of  setting  others  right,  lies  in  the  public 
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recognition  of  the  fact  that  the  States  are  semi- 
sovereignties entitled  to  their  own  systems  of  home 
government.  Mr.  Tupper  had  not  sufficiently  dwelt, 
in  his  opinion,  on  this  international  conception  in 
Maine’s  theory  of  divisible  sovereignties,  and  this  had 
led  him  into  what  the  speaker  must  regard  as  a mis- 
take, namely,  the  remark  that  the  British  political  sys- 
tem was  a strengthened  system  built  on  Mohammedan 
foundations.  The  two  systems  were  as  wide  apart  as 
the  extremes  of  constitutional  and  international  ideas 
could  set  them.  In  Akbar’s  fifteen  provinces,  or 
suhahs  of  the  empire,  the  native  States  were  en- 
gulphed,  and  treated  as  provincial  subdivisions.  In  the 
Indian  Empire  of  to-day  the  native  States  were  sepa- 
rated from  the  British  provinces,  and  the  wall  of  their 
separation  was  their  semi-sovereignty. 

Professor  Sir  Frederick  Pollock,  Bart.,  said  it 
w'as  particularly  opportune  that  Mr.  Tupper,  speaking 
to  such  an  audience,  should  have  called  attention  to 
an  aspect  of  Sir  Henry  Maine’s  character  which  must 
be  to  a great  extent  hidden  from  those  who  only 
knew  him  by  his  books  published  in  England.  He 
refened  to  the  great  practical  wisdom  displayed  in 
everything  Maine  did,  and  perhaps  also  in  several 
things  he  refrained  from  doing.  It  was  only  personal 
intercourse  which  could  quite  convince  one  of  the 
element  in  Maine’s  character,  that  sense  of  the  fitness 
of  things  by  w'hich  he  knew  instinctively  what  would 
do  and  what  w'ould  not  do.  It  always  seemed  to  the 
speaker  that  that  sense  was  very  strongly  developed 
in  Sir  Henry  Maine,  and  it  was  all  the  more  striking 
in  a man  of  his  great  speculative  and  intellectual 
ability.  It  was  not  at  all  uncommon  for  men  of  more 
than  considerable  intellect  to  be  almost  destitute  cf 
practical  wisdom  ; nor  was  it  uncommon  to  meet  with 
great  practical  wisdom  in  men  not  learned,  and  some- 
times positively  defective  in  the  power  of  expressing 
themselves.  In  Maine  there  was  a singular  union  of 
speculative  power  and  facility  of  expression  with  the 
practical  wisdom  which  kept  him  out  of  mistakes  and 
enabled  him  to  keep  other  people  out  of  them.  If  a 
clever  and  unwise  man,  armed  Avith  Maine’s  book  on 
Ancient  Law,  had  been  turned  loose  in  the  Legislative 
Department  in  Calcutta,  he  might  have  done  a good 
deal  of  mischief  in  less  than  seven  years  ; but  being  a 
wise  man,  being  master  of  his  own  ideas,  not  enslaved 
by  them,  and  having  the  power  of  abstaining  from 
making  formulae  out  of  season,  Maine  did  the  work  not 
only  of  a brilliant  man  but  of  a great  practical  states- 
man. This  was  an  aspect  of  his  work  not  easily 
realised  by  those  who  had  not  paid  much  attention  to 
the  government  of  India.  They  were  all  indebted  to 
Mr.  Tupper  for  bringing  that  forward,  and  he  was 
especially  so,  being  Maine’s  disciple,  and  in  such 
measure  as  might  be,  his  successor.  They  were  also 
obliged  to  Mr.  Tupper  for  having  shown  the  enormous 
complexity  of  the  task  Maine  had  to  face,  and  which 
he  had  much  lightened  for  his  successors — the  task  of 
governing  a country  which  was  living  in  several  cen- 
turies at  once.  If  the  Presidency  towns  Avere  living 
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in  the  late  19th  century,  a good  deal  of  the  North-West 
might  be  said  to  be  still  developed  in  the  Mogul  period 
of  the  1 6th  century  ; the  Rajpoot  States  were  in  the 
period  of  the  late  Middle  Ages,  and  Peshawur,  so  far 
as  the  speaker  had  been  able  to  ascertain  in  a very 
short  visit,  was  about  in  the  state  of  the  early  Anglo- 
Norman  period.  The  Frontier  Regulations,  on  which 
Mr.  Tupper  commented,  roughly  corresponded  to  the 
measures  taken  at  Chester,  which  in  the  nth  century 
was  a border  city,  to  protect  it  against  the  wild 
Welsh,  by  putting  the  inhabitants  under  the  king’s 
peace.  It  was  a happy  thing  that  Maine’s  historical 
genius,  combined  with  that  practical  sense  which  was 
so  obvious  to  all  who  knew  him,  was  forthcoming  to 
grapple  with  these  problems,  and  if  the  work  of  the 
Legislative  Department  had  looked  less  imposing  since 
the  days  of  Maine  and  Stephen,  it  was  really  because 
they,  to  use  a familiar  expression,  had  broken  the 
neck  of  the  work. 

Sir  Alfred  Comyns  Lyall,  G.C.I.E.,  K.C.B., 
said  in  England  Sir  Henry  Maine  was  chiefly  known 
as  a great  jurist,  a brilliant  lecturer,  a writer  on 
ancient  law,  and  an  investigator  of  the  growth  and 
descent  of  custom  ; but  he  had  not  been  so  well 
known  as  an  Indian  legislator  and  adviser  on  Indian 
administration,  and,  therefore,  this  paper  would  be  of 
great  use.  Maine  came  out  to  India  at  a peculiar 
time,  in  1862,  when  the  great  earthquake  of  the 
sepoy  mutiny  was  still  vibrating,  when  the  demolition 
which  it  had  caused  had  left  the  ground  clear,  and  the 
work  of  reconstruction  was  just  beginning.  He  found 
himself  in  the  position  of  a man  who  had  to  adjust  the 
mechanism  of  a great  European  Government  to  the 
habits  and  feelings  of  an  antique  society.  If  there 
was  anything  an  Englishman  had  faith  in,  it  was  his 
political  institutions.  In  India  there  were  none  at  all, 
for  we  had  inherited  the  system  of  the  Mogul  empire, 
which  was  carried  on  without  any.  Another  thing  an 
Englishman  had  great  faith  in  was  written  law.  Many 
people  thought  the  whole  administration  of  justice 
depended  on  written  law,  but  up  to  the  period  of 
British  rule  he  might  say  that  such  a thing  as  written 
law  had  never  been  known  at  all  in  India.  Then 
came  the  period  of  reform,  and  Maine  stood  between 
two  opposing  influences.  First,  you  had  the  advanced 
reformer,  English  or  native,  who  thought  India  wanted 
institutions,  and  what  occurred  to  him  was  to  take  fac- 
similes of  British  institutions  and  put  them  down  ready 
made  in  India,  whereby  he  saved  himself  a great  deal 
of  trouble,  and  generally  got  great  credit  for  his  magna- 
nimity in  giving  equal  rights  to  everybody.  On  the 
other  side,  there  were  the  old-fashioned  Indian  officials 
who  did  not  want  any  change  at  all,  or  looked  upon 
it  with  great  suspicion,  and  in  this  they  were  backed 
up  by  the  solid,  though  silent,  support  of  the  whole 
native  consen^ative  society  in  India.  Maine  did  his 
work  with  extraordinary  success ; he  stood  between 
ancient  and  modern  ideas — between  the  opinions  of 
Europe  and  India,  and  had  to  find  a modus  vivendi 
that  reconciled  both.  That  was  the  essence  of  his 


work.  He  did  not  think  ISIaine  made  so  many  original 
discoveries  as  had  been  supposed.  Other  people  ha(' 
the  facts,  and  knew  what  they  wanted  to  do,  bu 
they  did  not  know  how  to  do  it,  nor  how  to  justify  it 
but,  when  they  produced  their  case,  Maine  foun<l 
exactly  the  formula  which  explained  everything.  If  yoi| 
put  before  him  a set  of  facts,  or  a certain  numher  o| 
ideas  and  suggestions,  which  most  Anglo-Indians  haej 
stumbled  upon  in  a confused,  unfinished  way,  he  woub 
suddenly  set  them  all  in  order  by  one  of  his  lucid  anc 
wide  generalisations,  and  they  discovered  that  the' 
had  been  right  all  along.  ISIaine  showed  how  to  ch 
what  they  wanted  to  do,  and  showed  its  connectioi) 
with  what  went  before  and  what  was  to  follow 
Another  point  he  might  mention  was  the  extra 
ordinary  humour  of  some  of  Maine’s  observations; 
On  one  occasion,  when  some  English  officer  had  beei 
declaring  that  he  did  not  like  so  many  laws  and  lailesi 
he  wanted  a patriarchal  system,  IMaine  said  that  wha 
the  Englishman  really  meant  was  not  to  restore  the' 
head  of  the  tribe  or  family,  he  meant  to  be  tlnj 
patriarch  himself.  Another  remark  \vas  to  the  effec 
that  in  India  land  was  the  basis  of  society,  and  ever^ 
15  or  20  years  a number  of  gentlemen,  whom  i 
would  not  be  disrespectful  to  call  very  younf' 
gentlemen,  wished  to  come  in  with  a land  revenue] 
settlement  and  reconstruct  the  basis  of  society,  an(i 
that  he  objected  to.  His  speeches  were  full  of  sucl 
incisive,  pungent  remarks ; they  struck  into  a fallacy 
or  exaggeration  and  killed  it,  and  you  got  the  pure' 
light  of  reason  and  reasonableness. 

Sir  Courtenay  Ilbekt,  K.C.S.I.,  said  his  onh 
excuse  for  taking  up  the  time  of  the  meeting  wa; 
that  he  had  held  in  India  the  office  which  Si 
Henry  Maine  had  adorned,  and  that  he  was  deeph 
indebted  to  Sir  Henry  Maine  during  his  term  of  office 
for  wise  and  kindly  counsel.  He  would  group  the 
services  Sir  Henry  Maine  had  rendered  to  India  unde 
four  or  five  heads,  all  of  which  had  been  touched  upor 
by  Mr.  Tupper.  First  of  all  he  tided  over  the  tran 
sition  period  between  the  India  of  the  Company  anc] 
the  India  of  the  Queen.  Next  he  framed  and  passec 
a great  number  of  important  and  useful  measuresi 
amongst  them  one  of  the  great  codifying  Acts,  and  a: 
Sir  Frederick  Pollock  had  pointed  out,  he  abstained 
from  passing  a gi'eat  many  measures  of  doubtfu 
utility.  Next,  he  founded  the  Legislative  Department 
of  India.  The  foundation  of  the  department  w’as  dud 
to  a Minute  he  wrote  in  1869,  and  it  was  owing  t( 
the  establishment  of  that  department  that  his  suc- 
cessors were  able  to  carry  on  the  threefold  -work  0 
codifying  Indian  law,  expurgating  the  Statute-book  0 
obsolete  material,  and  consolidating  its  contents. 
Then  in  a series  of  masterly  Minutes  he  haseq 
on  scientific  and  intelligible  principles  the  rules  whici 
governed  the  relations  between  the  Government  0) 
India  and  the  native  States.  The  tendency  of  thej 
Anglo-Indian  official  was  to  deny  that  the  rule!* 
of  European  international  law  had  any  applicatioi 
at  all  to  these  relations ; the  tendency  of  the  Anglo- 
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(nclian  lawyer  was  to  apply  those  rules  without  always 
emeinbering  the  circumstances  under  which  they 
vvere  framed.  Sir  Henry  Maine  steered  a middle 
:ourse.  No  one  was  more  strenuous  in  maintaining 
he  eternal  principles  of  justice  and  humanity  on 
which  international  law  was  based,  but  he  never 
forgot  the  wide  difference  between  the  East  and 
West,  between  independent  States  and  States  which 
form  subordinate  parts  of  the  organisation  of  a 
^reat  Empire.  Lastly,  they  ought  not  to  forget  the 
sixteen  years,  almost,  of  Sir  Henry’s  life,  from  his 
ceturn  from  India  until  the  time  of  his  untimely 
leath,  during  which  he  was  the  confidential  and 
trusted  adviser  of  the  Secretary  of  State.  As  to 
Sir  Henry’s  services  to  India  as  a writer,  first  of 
all  it  ought  to  be  said  that  he  was  the  greatest 
interpreter  of  India,  not  only  to  the  English,  but 
to  the  whole  'Western  world.  Many  books  had 
'been  written  about  India,  but  most  of  them  were 
unreadable.  In  too  many  cases  the  contents — often 
valuable  contents— were  veiled  and  obscured  by  the 
employment  of  crabbed  and  technical  language,  and  by 
the  writer’s  inability  to  appreciate  the  strangeness  and 
unfamiliarity  of  Indian  phenomena  to  the  "Western 
mind.  Sir  Henry  Maine’s  genius  divined  the  essential 
principles  of  Indian  institutions,  and  he  clothed  his 
Llescription  of  them  in  the  language  of  consummate 
jliterary  art.  His  mind  seemed  like  a sun  shooting 
I forth  rays  of  light  which  bridged  over  great  intervals 
of  space  and  time,  which  brought  Indian  village 
communities  into  relation  with  village  communities  in 
Russia,  and  associated  Rajpootana  society  to-day  with 
the  society  of  the  Homeric  age.  His  writings  were 
luminous,  stimulating,  suggestive.  He  taught  men 
what  to  look  for  and  how'  to  obserx'e,  and  in  that 
respect  his  work  seemed  to  bear  comparison  in  the 
domain  of  legal  and  political  science  with  the  work  of 
Charles  Darwin  in  the  domain  of  natural  science.  Just 
as  to  the  student  of  Darwin  the  commonest  wayside 
rtower  was  something  more  than  a yellow  primrose, 
and  suggested  by  its  structure  and  mode  of  life  rela- 
tions to  the  whole  animated  world,  so  to  the  student  of 
Sir  Henry  Maine  the  most  ordinary  phenomena  of 
Indian  social  life  were  brought  into  organic  relation 
with  the  world-wide  evolution  of  legal  and  institutional 

I ideas.  In  this  way  it  might  be  fairly  said  that  Sir 
Henry  Maine  had  changed  the  attitude  of  the  English 
I mind  to  the  world  of  India  from  an  attitude  of 
ndifference  to  one  of  sympathetic  insight,  and  by 
so  doing  he  had  materially  facilitated  that  terribly 
difficult  task  of  governing  with  justice  and  equity  the 
greatest  dependency  the  world  had  ever  seen. 

Mr.  G.  Laurence  Gomme  said  a great  deal  of 
jealousy  would  be  felt  by  Englishmen  that  so  much 
had  been  claimed  for  Sir  Henry  Maine  on  behalf  of 
India.  In  England  they  were  so  much  accustomed 
to  look  upon  Sir  Henry  Maine’s  influence  as  being 
distinctly  English  that  it  came  as  a surprise  to  hear 
ffiat  his  influence  was  so  great  in  India.  There  was 
one  criticism  that  he  wished  to  make  on  the  paper. 


and  that  was  that  before  .Sir  Henry  Maine  went 
out  to  India  almost  all  those  who  were  sent  out 
there  were  under  the  influence  of  the  school  of  John 
Austin  ; but  .Sir  Henry  Maine’s  work  in  India  would 
have  been  impossible  unless  he  had  first  examined 
into  that  system,  and  found  that  it  was  inapplicable 
to  that  country.  He  should  like  to  call  Mr.  Tupper’s 
attention  particularly  to  that  point.  When  they  tried 
to  estimate  .Sir  Henry  Blaine’s  influence  upon  them- 
selves they  would  very  soon  come  to  the  opinion  that 
that  question  of  sovereignty  which  Mr.  Tupper  had 
drawn  attention  to  was  one  which  they  in  England 
would  have  to  consider  in  the  great  work  that  was 
before  them  in  municipalising  their  institutions.  The 
paper  read  that  evening  would  be  of  great  service  to 
those  who  had  worked  in  .Sir  Henry’  Maine’s  .spirit 
for  many  years,  and  as  a humble  student  of  his,  and 
one  who  had  been  j)ersonally  rss'sted  by  him  while  in 
England,  he  wished  to  say  how  very  much  he  had 
enjoyed  this  tribute,  though  a late  one,  to  his  memory. 

Lieut. -Gen.  Sir  Richard  Strachev,  G.C.S.I., 
F.R.S.,  said  he  had  been  associated  with  .Sir  Henry’ 
Maine  during  his  Indian  career  longer  than  any  one  in 
that  room.  Having  been  so  associated  with  him, 
and  on  terms  of  close  personal  intimacy,  he 
could  say  that  he  regarded  him  as  having  the  most 
brilliant  intellect  of  any  man  he  had  ever  come  across  ; 
his  influence  was  always  admirable,  and  his  high 
intelligence  in  reality  penneated  and  operated  in 
guiding,  controlling,  and  stimulating  the  active 
administration  of  India,  and  was  felt  in  a gieat  many 
departments  with  which  he  was  not  specifically 
concerned,  and  to  which  no  allusion  had  been  made 
in  the  paper  that  has  been  read,  or  the  remarks  of 
other  speakers. 

Lord  .Shand  said  he  felt  himself  somewhat  of 
an  intruder  on  that  occasion,  as  he  could  not  claim 
either  to  have  been  in  India  or  to  have  had  any 
personal  acquaintance  with  the  eminent  jurist, 
administrator,  and  author,  of  whom  they  had  been 
speaking.  But  he  had  had  many  Indian  friends,  and 
his  acquaintance  with  them  had  led  him  to  regret  that 
he  never  had  the  opportunity  of  being  in  India,  for  he 
found  invariably  that  they  had  the  most  delightful 
reminiscences  and  associations  with  that  country,  and 
he  envied  them  always  when  he  found  a number  of  them 
together  talking  over  old  days  and  past  experiences. 
He  now  had  some  connection  with  India,  because 
he  sat  with  Sir  Richard  Couch,  Lord  Hobhouse, 
and  others  in  the  Privy  Council,  to  deal  with 
Indian  cases,  but  he  must  confess  that  with  every 
desire  to  take  a deep  interest  in  the  questions  of 
Indian  adoption  and  succession,  and  in  Indian  idols 
and  the  like,  that  came  before  him,  he  had  very 
great  difficulty  in  becoming  enthusiastic ; he  simply- 
sat  at  the  feet  of  otheis  and  sought  to  apply 
those  general  j)rincij)les  with  which  he  was  more 
familiar,  when  opportunity  occurred.  Sir  Heniy 
Maine’s  character  had  been  discussed  by  gentlemen 
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thoiougHy  qualified  to  do  so,  and  having  read  the 
work  of  his  old  and  valued  friend  who  occupied  the 
chair,  and  heard  all  that  had  been  said,  he  \vas  struck 
with  the  extraordinary  amount  of  work  which  Sir 
Henry  had  been  able  to  perfonn.  His  health  for 
many  years  was  but  feeble,  and  it  was  amazing  to 
see  not  only  the  extent  of  the  work  he  got  through, 
but,  besides  this,  his  remarkable  versatility,  for,  in 
almost  every  department  whether  as  adviser,  teacher, 
administrator,  or  legislator,  he  seemed  to  have  stood 
above  all  who  came  in  contact  with  him. 

Mr.  Tupper,  in  reply,  expressed  his  gratification  at 
the  discussion  the  paper  had  given  rise  to.  He  was 
especially  obliged  to  Sir  Courtenay  Ilbert,  because  he 
had  put  various  points  with  a clearness  and  eloquence 
which  he  (Mr.  Tupper)  envied.  He  concurred  with 
the  general  drift  of  Mr.  Lee- Warner’s  remarks. 
He  entirely  agreed  with  Mr.  Gomme,  in  that  if  Sir 
Henry  Maine  had  not  cleared  the  way  by  remov- 
ing the  block  of  the  Austinian  jurisprudence  he  could 
not  have  advanced  the  science  as  he  did. 


Mr.  G.  Noble  Taylor  Avrites I had  the 
honour  of  being  a colleague  of  Sir  Hemy  Maine 
in  the  Viceroy’s  Council  for  a period  of  four  or 
five  years,  and  I am  able  to  state  from  personal 
experience  that  the  consummate  ability,  indeed  genius, 
with  which  Maine  dealt  with  every  measure  before 
the  Council,  to  whatever  department  it  related,  won 
the  admiration  of  all  who  were  associated  with  him, 
as  well  as  of  the  general  public.  While  in  India,  which 
treated  him  on  the  whole  fairly  well  on  the  score  of 
health,  Maine  identified  himself  with  the  country  and 
the  people,  and  in  all  his  legislation,  as  shown  by  his 
published  minutes  and  speeches,  he  was  careful  to 
avoid  any  unnecessary  interference  with  the  habits 
and  beliefs  of  the  natives.  An  interesting  incident 
occurred  recently  on  the  frontier  illustrating  this 
feeling  of  deference  to  native  religious  prejudices. 
During  a lull  in  the  daily  fighting  a number  of  troops 
(of  Sir  Bindon  Blood’s  force,  I think)  were  scouring 
the  region  in  search,  probably,  of  a favourable  spot 
wheie  to  pass  the  night.  Suddenly  there  came  in 
sight,  in  the  near  distance,  a specially  sacred 
Mohammedan  shrine,  well  knoAvn,  of  course,  to  all 
the  hill  tribes  and  to  the  Mussulman  sepoys  of  our 
army ; the  General  immediately  gave  the  order  pro- 
hibiting British  soldiers  to  approach  the  shrine,  and 
allowed  the  Mussulman  troopers  of  the  Guides  cavalry 
to  ride  up  to  the  mosque,  where  they  dismounted, 
and  stood  and  knelt  praying  to  Allah  side  by  side 
with  Afridis  and  other  tribesmen,  against  whom  they 
had  been  fighting  furiously  a day  or  two  before.  It 
has  been  well  said  that  one  of  the  best  features  of  the 
Government  of  India,  from  the  days  of  the  East  India 
Company  until  now,  is  the  deference  shown  at  all 
times  to  native  feeling  in  religious  matters,  and  it  is 
impossible  to  over-estimate  its  good  effect  and  its 
force  in  the  Empire.  This  deference  was  never 
relaxed  during  the  time  Sir  H.  Maine  was  a 


— 1 

member  of  the  Government  of  India.  In  |e 

Chairman’s  delightful  memoir  of  Sir  H.  Maine  tile 
is  a quotation  from  an  article  of  his,  written  r 
the  Saturday  Revietv  in  December,  1857,  the  mt 
of  the  Mutiny,  after  which  India  passed  from'le 
Company  to  the  CroAvn.  His  A'indication  of 
Company — whom  I myself  served  for  17  yearsji 
think  admirable.  He  felt  no  doubt,  as  most  oli^ 
do,  that  the  time  had  come  for  the  change,  but  ^ 
resented  the  unjust  abuse  of  the  retiring  rulers.  I i 
is  what  he  Avrote  : — “ The  ‘ antique  traditions,’  ^ 
they  have  been  sneeringly  called,  of  the  East  In, 
Company,  Avhat  are  they  \ — Conquest  and  Gove,- 
ment.  It  is  impossible  to  reflect  Avithout  emot  1 
on  the  extinction  of  so  mighty  a name.  In  hoc  si.  > 
vicimus.  That  AA’onderful  succession  of  events  Avhi 
has  brought  the  youngest  civilisation  of  the  avc  1 
to  instruct  and  correct  the  oldest,  Avhich  has  reuni  { 
those  wings  of  the  Indo-European  race  AA’hich  se  ■ 
rated  in  the  far  infancy  of  time,  to  Avork  out  tl- 
strangely  different  missions,  Avhich  has  avenged  - 
miscarriage  of  the  Crusades  by  placing  the  foot ' 
the  most  fervently  belieAing  of  Christian  nations 
the  neck  of  the  mightiest  of  Mohammedan  dynasti. 
will  inevitably  be  read  by  posterity  as  the  avo.. 
not  of  England,  but  of  the  English  East  In.. 
Company.” 


Mr.  B.  H.  Baden-Powell,  C.I.E.,  writes  :—M- 
I say  that  the  paper  appears  to  be  most  admiral 
in  that  it  sums  up  Sir  H.  Maine’s  AA^ork  not  only 
regards  land  customs  and  early  laAv,  but  also 
regards  the  Indian  legislation  of  his  time  in  a mam  • 
Avhich  is  not  only  strikingly  clear  and  just,  but  Avhti 
will  be  altogether  neAv  to  many  hearers.  Equa 
important  is  the  recognition,  IbelieA'e  noAvfor  thefi 
time  made,  of  our  great  debt  to  Sir  H.  Maine 
connection  Avith  the  development  of  the  State  pol; 
regarding  the  “ Protected  States  ’’—such  as  those 
KathiaAA’ar  (in  that  limited  tract  there  are  187 
them  !).  There  is,  hoAvever,  one  point  on  Avhich] 
should  like  to  be  permitted  to  say  something,  becaii 
my  own  attempt  to  make  some  contribution  to  t 
knowledge  of  Indian  village  communities,  as  th) 
actually  are  constituted,  has  led  me  to  differ  from  t 
conclusions  arrived  at  by  Sir  H.  Maine — in  sorf 
respects;  and  still  more  to  object  to  deductiol 
from,  or  expansions  of,  the  theory  made  by  lai. 
Avriters.  As  far  as  such  divergence  might  prejudi; 
inquirers  against  further  looking  into  the  facts 
village-history,  or  listening  to  any  argument  on  f 
subject,  it  would  be  matter  for  regret  if  I Averc  m: 
understood.  The  distinguished  author  of  “Anciei 
Law”  could  only  build  his  conclusions  on  the ba<! 
of  such  information  as  was  available  at  the  time ; ai 
it  is  hardly  possible  not  to  see  that  before  1870  tl 
materials  for  the  study  of  Indian  villages  not  only  j 
the  country  north  of  the  Vindhyan  hills,  but  (Avhat  | 
even  more  important)  in  that  to  the  south  of  thej 
was  extremely  scanty.  Sir  H.  Maine,  of  course,  ha 
no  opportunity  for  “camping  out”  and  personi 
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juiry  on  the  spot ; he  was  dependent  on  what  was 
record.  I have  only  just  had  an  opportunity  of 
hng  a number  of  the  first  series  of  North-West 
evinces’ Reports  (from  1840),  and  it  is  certainly  true 
:y  contain  (merely  as  fiir  as  village-forms  are  con- 
•ned)  the  minimum  of  information ; and  what  there 
is  under  the  blight  of  that  misleading  and 
fortunate  classification  of  North-Western  villages 
ich  was  adopted  by  the  revenue  authorities  on 
rely  official  and  practical  grounds  when  nothing 
ter  was  at  hand.  As  to  the  Punjab,  the  frontier 
ages— of  so  much  importance — Avere  not  then 
eribed;  and  although  some  of  the  earlier  settle- 
nt  reports  do  give  valuable  information  about  the 
ages,  they  are  not  comparable  (in  this  respect) 
h the  studies  made  since  (say)  1872.  Madras 
! Bombay,  and  even  the  Central  ProAinces  were 
ring  the  same  period)  almost  unknoAvn  countries 
far  as  village  land-tenures  were  concerned.  Sir 
Maine  himself  Avould  have  been  the  last  to  object 
any  modification  of  his  theory,  or  to  reject  any 
.h  ascertainment  and  sifting  of  facts.  And,  even 
lis  conclusions  had  to  be  abandoned  more  com 
ely  than  is  actually  the  case,  the  value  and 
)ortance  of  his  Avork  Avould  not  really  be  diminished. 

•Jj  principles  on  Avhich  he  Avent  to  Avork,  no  less 
t n the  candid  and  balanced  judgment  which 
( cted.his  generalisations  or  suggested  conclusions 
cj  never  cease  to  be  instructive.  Nor  could  the 
sequent  reports  have  been  written,  or  the  inquiries 

cted  aright,  if  it  had  not  been  for  the  guidance I 

say,  the  inspiration — of  Sir  H.  Maine’s  spirit  and 
hod.  When  an  artist  arises  Avith  a new  creative 
lligence,  and  with  a new  sense  of  form  and 
coition,  his  AA’ork  is  not  the  less  permanent  or 
I ninative  because  the  material  which  he  has  to 
i|dd  or  to  Avork  on  is  not  yet  of  the  best  quality 
)|temper.  Succeeding  artists,  Avho  have  a finer 
:-i-or  silver  instead  of  clay— Avill  be  indeed  for- 
i|  te  if  they  can  make,  out  of  the  nobler  material, 
n|hinghalf  so  good  as  Avhat  the  master  made  out 
)jieless  perfect:  and  they  Avill  still  remain  in  his 
I'  for  making  their  art  possible.  There  is  onlj 
'ilthing  more.  The  author  of  this  excellent  paper 
lilmore  than  once  alluded  to  the  tendency  of 
i|in  customs  and  institutions  to  perish,  under  the 
^1  table,  but  unAvrilling,  action  of  Western  ideas 
Progress.  May  I then  take  this  opportunity 
more  to  raise  the  plea  for  something  to  be 
m India  to  preserA-e  a better  record  of  the 
forms  and  constitutions  of  North  Indian  joint 
,^es.?  These  original  forms  are  fast  becoming 
by  the  effects  of  partition,  &c.,  and  by  theff 
f J shrouded  under  the  most  misleading  and 
^ e present  state  of  our  knoAvdedge)  perfectly 
‘■jensible  classification  officially  adopted.  I have 
devoured,  m a short  appendix  to  chapter  viii. 

> y book  on  “The  Indian  Village  Community,” 

' - forth  the  merits  of  the  case.  The  Government 
ma  has  done  so  much  in  the  realm  of  material 
'Oogy  to  preserA-e,  measure,  photograph,  and 


reproduce  the  beautiful  remains  of  Indian  antiquity : 
Avill  they  not  (AA’hen  Avar,  plague,  and  famine  give 
them  a little  respite)  do  something  to  rescue  the 
statistics  of  North  Indian  villages  from  a form  of 
classification  Avhich  involves  a use  of  terms  such  that 
hardly  tA\’o  districts  or  divisions  use  or  understand 
them  in  the  same  sense,  and  Avhich  (as  I haA'e 
tried  to  shoAv)  engulf,  under  certain  vague  general 
headings,  quite  a number  of  really  different  and 
interesting  forms  ? 


FOURTEENTH  ORDINARY 
MEETING. 

Wednesday,  March  i6,  1898;  William 
Luson  Thomas,  Member  of  the  Council,  in 
the  chair. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society 

Ahvard,  George  LoAve,  11,  Hainton-street,  Grimsby. 
Barrington  - Baker,  Lieut.-Colonel  Robert,  Royal 
Naval  Ordnance  Depot,  Plymouth. 

BoAvman,  Rev.  Arthur  H.,  48,  Foxgrove-road,  Becken- 
ham, Kent. 

Edmonds,  Frederic  Bernard,  6,  Clement’s-inn,  W.C. 
Grice,  Walter  T.,  9,  Dalhousie-square,  Calcutta, 
India. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Clarke,  Philip  Hamilton,  223,  The  Grove,  Hammer- 
smith, W. 

Davenport,  Cyril  James,  The  British  :\fuseum,  W.C. 
Pitt,  Walter,  Grove-lodge,  LansdoAvn,  Bath. 

Read,  Harry  V.  Rudston,  Hydc-park-court,  S.W. 
Whinfield,  EdAvard  Henry,  M.A.,  St.  Margaret’s, 
Beulah-hill,  Norwood,  S.E. 

The  paper  read  was — 

THE  RECENT  HISTORY  OF  PAPER 
MAKING. 

By  Clayton  Beadle. 

This  year  is  eventful  as  being  the  centenarv’ 
of  Nicolas  Louis  Robert’s  great  discovery.  It 
was  in  1798  that  Robert  conceived  the  idea  of 
making  paper  by  means  of  an  endless  Avire 
machine.  Robert’s  discovery  gradually  brought 
about  a complete  revolution  in  the  manufacture 
of  paper.  It  is  my  intention  to  trace  briefly 
some  of  the  more  important  changes  that  have 
taken  place  since  that  time.  It  is  impossible 
within  the  scope  of  this  paper  to  give  more 
than  a very  brief  description  of  a feAv  of  the 
changes  that  have  taken  place,  and  therefore 
I do  not  attempt  fully  to  go  into  technical 
details. 
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Scarcity  of  Raw  Materials  ioo  Years 

AGO. 

From  time  immemorial  and  up  to  the  time 
of  Robert’s  discovery,  all  paper  had  been 
made  by  hand  on  a hand-mould.  All  white 
papers  were  made  from  cotton  and  linen,  and 
rags  constituted  practically  the  only  source  of 
supplies.  Rags  were  becoming  rapidly  more 
scarce,  and  to  add  to  the  dilemma  the  demand 
for  paper  was  rapidly  increasing.  The  scarcity 
of  rags  was  popularly  ascribed  to  the  use  of 
rags  as  “lint”  in  the  European  wars.  In 
order  to  safeguard  the  paper-makers  of  this 
country  Parliament  had  prohibited  the  burial 
of  the  dead  in  linen  and  cotton  shrouds,  and 
enacted  that  rags  and  old  nets  (which  were 
used  for  the  manufacture  of  paste-boards, 
wrappers,  and  packing-paper)  should  be  im- 
ported duty  free.  It  likewise  allowed  the  free 
importation  of  all  waste  paper,  provided  that 
it  was  torn  to  pieces,  and  used  for  nothing  but 
remanufacture.  In  spite  of  this  encourage- 
ment given  by  the  Government,  many  of  the 
mills  in  this  country  at  the  end  of  the  last 
century  were  shut  down  for  want  of  supplies. 

Early  Treatment  of  Rags. 

The  Cleansmg  Process. — The  rags  wEen 
received  at  the  paper-mill  were  cut  up  and 
sprinkled  with  water,  and  made  into  a heap 
upon  the  floor.  This  treatment  caused  the 
rags  to  heat  and  ferment.  The  mass  was 
turned  occasionally  to  prevent  over-heating. 
This  primitive  process  oxidised  and  rendered 
soluble  the  waxy,  gummy,  and  resinous  con- 
stituents associated  with  the  fibre.  We  have 
good  reason  to  believe,  however,  that  the 
fibres  were  very  much  weakened.  The  fer- 
mentation took  weeks  and  sometimes  months 
to  complete  its  action. 

Boiling  in  Open  Pajis foregoing 
process,  which  is  sometimes  described  as 
■“retting,”  or  more  correctly  as  rotting, 
was  superseded  by  a scald  in  an  open  pan 
or  copper,  which  in  early  times  was  heated 
by  a live  fire  underneath.  Sometimes  quick- 
lime, or  the  ashes  of  plants,  w^ere  added  for 
the  removal  of  the  grease.  A fire  in  direct 
contact  with  the  copper  necessitated  a large 
amount  of  solution  to  keep  the  rags  afloat,  or 
else  constant  agitation  to  obtain  a uniform 
temperature,  and  prevent  the  mass  from 
charring  at  the  bottom.  About  the  end  of  the 
last  century  a chemist  named  Leblanc  devised 
a method  for  the  manufacture  of  alkali,  which 
had  previously  been  derived  from  natural 
deposits  or  the  ashes  of  plants. 


Low  P/essure  Kiers. — Next  we  havet 
use  of  low  pressure  kiers,  as  describecit 
Sir  John  Evans  in  his  presidential  add< 
before  the  Society  of  Chemical  Industrlj 
1893.  , 

Pressure  Boilers  Cylindrical  and  Sp/  ■ 
cal. — In  order  to  promote  a more  unin 
circulation  of  the  boiling  liquor,  revo'p 
boilers  were  used,  and  to  make  thecher^ 
process  more  economical  and  thoroughi 
steam  pressure  was  increased  from  30  to  5A 
to  square  inch.  Sometimes  the  boilers  I 
cylindrical,  as  those  made  by  Bryan  Doij 
and  Co.,  and  sometimes  spherical,  as  thofl 
present  made  by  William  Lord.  The  li 
are  generally  preferred  in  consequence  of  j| 
being  much  more  easy  to  empty.  Caustic  |j 
liquor  is  now  chiefly  used  for  boiling  « 
rags,  but  sometimes  sodium  carbonateB 
lime  are  added  together,  and  for  certain  ell 
of  rags  lime  alone  is  still  used.  Within  rll 
years  the  boiling  of  rags  has  been  madH 
subject  of  close  and  systematic  study,  ■« 
has  resulted  in  a better  and  more  econo  | 
treatment.  j 

The  Mather  Kier  for  Boiling  R.-  I 
When  treating  large  quantities  of  rag  9 
“ Mather  Kier  ” made  by  Messrs.  Mathe  1 
Platt,  of  Manchester,  is  more  economical  ■ 
a cylindrical  or  spherical  boiler  (Eig.  i).  k ^ 
8 feet  long  by  7 feet  diameter,  is  adapted  tc  0 
two  trucks,  each  capable  of  containing  i(& 
of  rags.  The  running  of  the  trucks  into  thd 
and  closing  of  the  patent  door  onlyocoii 
about  three  minutes.  The  rags  are  l^ 
saturated  with  750  gallons  of  caustic  x 
solution,  which  is  kept  in  continuous  cinl 
tion  by  means  of  a centrifugal  pump, 
minutes  the  pressure  has  reached  its  ma.xi  ir 
i.e.,  10  lbs.  per  square  inch.  The  boili'. 
continued  for  from  one  to  two  hours,  d 
liquor  can  be  blown  off  in  15  minutes  ir 
without  any  cooling,  the  door  raised,  the  t cl 
removed,  and  a fresh  lot  run  in.  The  i It 
rags  are  now  washed  by  allowing  wai 
percolate  through  and  replace  the  all'ii 
liquor.  The  liquor  can  be  removed,  if  de'Q 
without  dilution.  The  proportion  of  liqi' 
weight  of  rags  is  much  lower  than 
revolving  boiler,  consequently  the  amou 
fuel  and  soda  required  per  ton  of  rags  i:;s 
The  time  required  for  boiling  is  about  one  a 
and  the  water  required  for  washing  about ''‘i 
fifth.  The  output  of  a Mather  keir  Jc 
diameter  by  8 feet  long  is  25  tons  a jx'. 
whereas  it  would  require  three  revolving  l|k 
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.>  same  capacity  to  treit  the  same  quantity.  I The  cleansing:;;-  of  ra^,'-s  has  fjecome  a more 
Mather  kie:  is  more  particularly  adapted  | complicated  problem  _in  consequence  of  the 

Fk;.  I. 


g-reat  variety  of  qualities,  each  of  which  requires 
its  own  special  treatment. 


jlls  where  large  quantities  of  rags  are 

A\. 
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Cleansing  of  New  Rags. 

Rags  known  as  “ new  pieces,”  which  con- 
tain a large  amount  of  starch,  cannot  be 
cleansed  like  ordinary  rags.  The  starch, 
instead  of  being  dissolved  and  removed  by 
caustic  alkali,  as  one  would  expect,  is  in 
presence  ef  the  other  foreign  matter,  converted 
into  a brown  slimy  mass,  or  into  hard  and 
horny  particles,  which  do  damage  in  the  after 
processes.  For  the  removal  of  the  starch  it  is 
generally  customary  to  boil  first  in  hot  water,  to 
drain  off,  and  then  to  boil  under  pressure  in  a 
weak  solution  of  caustic  soda.  This  process  is 
far  from  satisfactory,  in  consequence  of  starch 
forming  with  cotton  and  linen  fibres  a com- 
pound known  as  “starch-cellulose,”  from 
which  the  starch  cannot  be  removed  by  boiling 
water.  Mr.  C.  F.  Cross  suggested  the  use  of 
malt  extract,  and  about  six  years  ago  I was 
associated  with  him  in  working  this  on  a large 
scale.  The  process  has  been  in  regular  opera- 
tion since  it  was  first  started.  The  amount 
of  malt  necessary  varies  from  to  3 lbs.  per 
100  lbs.  of  rags,  according  to  the  amount  of 
starch  they  contain.  The  malt  is  saturated 
with  water,  which  should  have  a temperature  of 
150°  Fahr.  in  summer,  and  i7o°Fahr.  in  winter. 
It  is  allowed  to  soak  for  two  hours,  drained  off, 
and  filled  with  hot  water,  which  is  shortly 
drawn  off  and  mixed  with  the  first  draft.  The 
malting  of  the  rags  is  done  either  in  a rotary 
boiler  or  a kier.  The  malt  liquor  is  introduced 
into  the  boiler,  together  with  sufficient  water 
at  80°  Fahr.  to  keep  the  rags  saturated.  From 
one  to  two  hours  is  sufficient  for  the  conversion 
of  the  starch  into  dextrine  and  maltose.  The 
rags  are  then  washed  with  hot  water. 

Sun  Bleaching. 

In  the  early  days  when  rags  were  fermented 
to  cleanse  them  from  grease  and  dirt,  bleach- 
ing liquids  were  not  known.  Our  forefathers 
made  use  of  the  only  bleaching  agent  they 
had,  viz.,  the  sun’s  rays.  The  washed  rags 
were  spread  out  on  grass  in  the  sun,  and 
occasionally  turned  and  sprinkled  with  water. 
The  process  must  have  been  exceedingly  long 
and  laborious,  and  the  final  result  very  un- 
certain, being  dependent  upon  a proper 
amount  of  sunshine,  and  upon  the  actinic  rays 
of  the  sun,  which  vary  so  much  at  different 
seasons  of  the  year.  At  that  time  the  pro- 
cesses of  cleansing  and  bleaching  must  have 
taken  as  many  weeks  as  our  modern  processes 
do  hours.  Sun  bleaching  (or  grass  bleaching 
as  it  is  sometimes  called)  had,  however,  one 
redeeming  feature — it  did  not  injure  the  fibre. 


Chlorine  was  discovered  by  Scheele  in 
and  was  used  for  bleaching  in  1787. 
chlorite  of  lime  or  bleaching  powder  was'^n 
used  by  Tennant  in  1799.  ; 

Bleaching  with  Chlorine  Gas 

Chlorine  gas  appears  to  have  been  t! 
applied  as  a bleaching  agent.  The  ra|,  ( 
“ half- stuff  ” were  placed  in  stone  chair  r; 
and  the  chlorine  generated  in  stone  re,i: 
This  process,  although  effective,  was  ei 
cumbersome,  and  by  no  means  pleasar,  i 
consequence  of  the  escape  of  chlorine  ga;nl 
the  surrounding  atmosphere.  In  spite  od 
difficulties  of  this  process,  it  died  hard  ; i Uc 
in  use  for  a great  many  years,  and  long  f 
the  use  of  bleaching  powder  was  establ  le 
among  paper-makers.  Chlorine  bleachi 
still  practised  for  certain  purposes.  Chlor  ; 
rapid  in  its  action,  and,  of  course,  ha:tl 
advantage  over  bleaching  powder  in  tl 
does  not  add  lime  salts  to  the  fibre. 

Bleaching  Powder. 

Tumbler  Bleaching. — The  first  applioic 
of  bleaching  powder  to  rags,  I believe,  Wi 
what  is  known  as  tumbler  bleaching 
tumbler  was  very  similar  in  construction! 
revolving  cylindrical  boiler.  As  it  wasn 
required  to  stand  much  pressure,  it  was  tf 
made  of  cast-iron.  It  was  lined  with  le. 
protect  the  iron  against  the  action  of  chHi 
gas.  The  tumbler  was  partly  filled  with  Ilf 
rags,  which  were  covered  with  water.  I 
this  was  added  a clear  solution  of  bleaiir 
powder  and  vitriol,  and  the  man-hole  im 
diately  fastened  on.  The  tumbler  was  iif 
to  revolve  slowly  for  about  12  hours.  Th^  e 
bleaching  agent  in  this  case  was  not  ca  u 
hypo-chlorite,  but  hypo-chloritic  acid,  d( 
was  freed  by  the  action  of  vitriol.  Wheitl 
bleaching  was  complete,  the  liquor  was  dr  u 
off  and  the  tumbler  discharged. 

Bleaching  in  the  Engine. 

Bleaching  powder  is  now  added  either  i|tl 
poacher  or  the  beating-engine.  When  ajf 
to  the  beating-engine — to  the  beaten  or  pt 
beaten  stuff — the  excess  of  hypo-chlorit(|i; 
to  be  killed  by  the  addition  of  some  “ 
chlor.”  Formerly,  sodium  thiosulphate  (h 
monly known  as  “hypo”  among  photograpr 
was  used.  This  substance,  although  tl 
cheapest  “antichlor,”  has  been  for  the  0 
part  abandoned,  in  consequence  of  the  fcjii 
tion  of  hydrocloric  acid  with  the  re^u 
bleach,  which  played  havoc  with  the  fili’J 
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the  paper  machine.  The  “ antichlor  ” in 
nmon  use  at  the  present  time  is  sodium 
phite.  Although  it  is  more  expensive  than 
: “hypo,”  it  is  cheaper  in  the  end  to  use  it, 
consequence  of  the  saving  to  the  fittings  of 
paper  machine. 

Bleaching  in  Steeping  Tanks. 
rhe  best  and  most  universal  method  of 
aching  rag-stuff  is  to  add  a bleaching 
ution  to  the  “breaker”  or  the  “poacher.” 
e rag  “ half-stuff  ” is  generally  heated  with 
team  jet  to  accelerate  the  bleaching  action. 
:er  a few  hours’  action,  the  bleach  is  either 
shed  out  in  the  poacher  or  the  half-stuff  is 
ptied  into  “ steeping  ” tanks,  and  after  the 
orine  has  exhausted  itself  upon  the  fibre, 

■ stuff  is  drained  and  dug  out  and  removed 
the  bearer.  A better  method  of  getting  rid 
the  liquor  is  to  pass  the  half-stuff  over  a 
esse-pdte. 

Permanganate  Bleaching. 

Several  attempts  have  been  made  to  utilise 
assium  permanganate  and  sodium  manga- 
;e  as  bleaching  agents.  Both  these  sub- 
nces,  when  added  to  rag  half-stuff,  liberate 
aching  oxygen  and  coat  the  fibres  with 
ck  oxide  of  manganese.  After  the  addition 
sulphurous  or  sulphuric  acid,  the  black 
iting  is  removed,  and  the  fibre  is  found  to  be 
ached.  The  action  of  permanganate  is 
lost  instantaneous.  The  process  has  not 
•n  thought  much  of  in  consequence  of  the 
h price  of  permanganate.  I made  a number 
rials  both  on  a large  and  a small  scale  with 
*5  substance.  At  the  time  of  my  trials 
manganate  w'as  just  ten  times  the  cost, 
ight  for  w'eight,  of  bleaching  powder.  I 
nd,  however,  that  i lb.  of  permanganate 
as  much  bleaching  as  10  lbs.  of  bleaching 
vder.  The  fibres,  however,  very  tenaciously 
lined  a small  residue  of  manganese  salts, 
ch  caused  the  finished  paper  to  “go  back  ” 
colour.  From  a theoretical  point  of  view', 
results  are  interesting,  as  showing  that 
oxygen  of  permanganate  is  a more  efficient 
aching  agent  than  the  oxygen  of  bleaching 
vder.  In  other  w'ords,  i lb.  of  permanganate 
gen  bleaches  a much  larger  quantity  of 
terial  than  i lb.  of  bleaching-powder  oxygen. 

Electrolytic  Bleaching. 

^any  attempts  have  been  made  to  utilise 
ctrolysed  solutions  of  the  chlorides.  Andrioli 
ctrolysed  a solution  of  brine  forming  sodium 
)0-chlorite.  The  mcst  promising  of  these 


409 


processes,  however,  is  the  Hermite  process. 
Hermite  obtained  magnesium  hypo-chlorite  by 
electrolysing  a solution  of  magnesium  chloride. 
He  claimed  that  3 lbs.  of  chlorine  in  his  solution 
did  as  much  bleaching  as  5 lbs.  of  chlorine  in 
ordinary  bleaching-powder  solutions.  These 
claims  were  substantiated  by  the  results  obtained 
by  Professor  Pictet  and  Messrs.  C.  P'.  Cross 
and  E.  J.  Bevan  in  the  bleaching  of  w’ood  pulp 
and  other  fibres.  In  order  to  see  whether  the 
same  held  good  in  the  bleaching  of  rags  and 
rag  half-stulf,  I conducted  a number  of  trials, 
both  in  “steeping  tanks”  and  in  a paper- 
maker’s  beater.  My  average  figures  w'ere  in 
the  ratio  of  3 lbs.  of  Hermite  chlorine  to  4’8  lbs. 
of  bleaching  - pow'der  chlorine,  thus  closely 
confirming  the  figures  of  other  observers. 

The  Hermite  solution,  besides  consuming 
less  chlorine,  w'as  also  much  more  rapid  in  its 
action  than  ordinary  bleaching  powder.  PTom 
figures  given  by  the  proprietors  of  the  process 
it  appears  that  a great  saving  could  be  effected 
by  the  adoption  of  this  process,  but  as  far  as  I 
am  aware,  the  Hermite  process  has  not  been 
worked  with  success  in  any  paper  mill  in  this 
country. 

Ozone  Bleaching. 

At  present  there  appears  little  prospect  of 
any  bleaching  agent  displacing  bleaching 
powder.  (Of  course  I put  the  electrolytic  pro- 
cesses for  the  manufacture  of  chlorine  and 
caustic  soda  out  of  the  question,  as  these  do 
not  affect  the  question  of  bleaching  powder 
being  superseded  for  paper-making.)  If  I 
might  venture  to  prophesy,  I should  say  that  a 
complete  change  will  come  some  day  when  we 
have  a cheap  and  ready  method  of  producing 
ozone  or  ozonised  air  that  could  be  easily 
w'orked  by  paper-makers. 

Ozone  is  an  excellent  bleaching  agent.  Its 
action  is  very  rapid,  and  there  is  no  chemical 
residue  that  can  be  either  injurious  to  the 
fibre  or  to  the  paper  machine. 

The  Paper  Machine. 

During  last  year  several  attempts  were  made 
to  revive  the  early  history  of  the  paper  machine. 
The  most  important  publication  on  this  subject 
appeared  in  The  Paper  Trade  Review.  It 
contained  an  account  of  the  invention  of  the 
first  paper  machine  and  a history  of  those  men 
w'hose  names  should  ever  be  remembered,  not 
only  by  paper-makers,  but  also  by  the  whole 
of  the  civilised  w’orld,  for  the  lasting  benefits 
they  have  conferred  upon  us.  The  men  to 
w'hom  I refer  are  Robert,  Didot,  Gamble, 
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Henry  and  Sealy  Fourdrinier,  and  Bryan 
Donkin.  I could  not  do  better  than  refer  all 
those  who  feel  sufficiently  interested  in  the 
subject,  to  the  above-mentioned  publication. 

I shall  endeavour  to  explain  to  you  as  briefly 
as  possible  the  part  which  these  men  played 
in  the  invention  and  development  of  the  paper 
machine. 

Nicolas  Louis  Robert. 

Nicolas  Louis  Robert  was  the  originator  of 
the  paper  machine.  He  was  born  in  Paris  in 
1761.  He  entered  the  French  army  in  1780, 
and  appears  to  have  seen  a good  deal  of 
active  service  in  the  wars  between  the  North 
American  colonists  and  the  British  Govern- 
ment. On  obtaining  his  discharge  from  the 
army,  he  accepted  an  engagement  as  proof- 

Fig. 


armed  with  these  to  England  in  1800,  . 

parently  with  the  object  of  obtaining  ^ 
assistance  of  English  capital,  and  the  . 
operation  of  English  engineers,  in  bring  r 
the  invention  to  a successful  issue.  Gam  ^ 
obtained  English  patents  soon  after  his  arri' . 
He  came  in  contact  with  Henry  and  Se? 
Fourdrinier,  members  of  a well-known  firmlf 
wholesale  stationers.  Gamble,  after  hav  r 
entered  into  some  arrangement  with  e 
Fourdriniers,  returned  to  France,  and  report 
himself  to  Didot.  In  1802,  Didot  and  Game 
came  to  England  with  a model  of  a pa;r 
machine.  ; 

The  First  Paper  Machine. 

It  is  useless  to  attempt  to  follow  the  specl- 
cation  of  the  first  paper  machine  in  det  . 


reader  in  1794  to  Monsieur  Pierre  Didot.  He 
soon  afterwards  entered  the  service  of  Monsieur 
Didot  St.  Leger,  the  son  of  Monsieur  Pierre 
Didot,  who  had  a large  paper  mill  at  Essonnes. 
Robert,  while  managing  this  mill,  conceived 
the  idea  of  making  paper  in  a continuous  web. 
He  spent  about  four  years  experimenting,  and 
at  last  produced  a machine,  consisting  of 
an  endless  wire  band  passing  between  two 
squeezing  rolls.  In  this  work  Monsieur  Didot 
greatly  assisted  Robert,  placing  his  machinery, 
men,  and  capital  at  Robert’s  disposal.  Robert 
transferred  his  patent  rights  to  Didot. 

John  Gamble  and  Didot. 

John  Gamble,  Didot’s  brother-in-law,  was 
an  Englishman,  and  resided  in  Paris.  He 
was  given  some  sheets  of  paper  of  very  large 
size,  made  on  Robert’s  machine.  He  came 


The  machine  consisted  of  an  endless  bandjf 
copper  wire  gauze  (a),  such  as  was  used 
covering  the  frames  of  paper  moulds.  Tji 
wire  was  stretched  in  a horizontal  posit  ji 
between  two  rollers,  B and  C.  The  rolleij: 
was  fixed  to  a frame,  but  B could  be  moved* 
as  to  take  up  any  slack  in  the  wire  do 
D D,  wire  squeeezing  rolls,  through  which  t; 
wire  cloth  passed  in  the  direction  of  the  arrc. 
The  rolls  could  be  adjusted  so  that  they  press- 
tightly  together.  The  wire  cloth  extended  o*‘ 
a tub,  E,  containing  the  beaten  pulp.  F was 
drum  provided  with  fans,  which  revolved  . 
the  surface  of  the  liquid,  so  as  to  lift  it  ir- 
regular stream  on  to  the  revolving  wire  cloi 
During  the  transit  of  the  stuff  from  roller  CJ 
squeezing  rolls,  o,  a portion  of  the  water  pas^ 
through  the  meshes  of  the  wire  into  the  vat ; , 
passing  through  the  squeezing  rolls,  D,  a furtl 
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antity  of  water  was  removed,  and  the  web  of 
■t  paper  was  made  to  adhere  to  the  roll  G 
d reeled  upon  it  until  a quantity  was 
tained,  when  a new  roll  was  put  in  its  place, 
lateral  shake  was  given  to  the  travelling  wire 
uze  to  imitate  as  far  as  possible  the  shake 
oduced  in  the  hand  mould.  The  wire  was 
^0  filled  with  a crude  contrivance  which  did 
rvice  for  a deckle,  in  forming  the  edge  of 
3 paper.  A reel  of  paper  removed  from  the 
ichine  on  the  roll  G was  unwound  and  passed 
rough  a “pressing  machine,”  which  also 
•med  the  subject  of  a patent.  This  rendered 
j paper  strong  enough  to  be  hung  up  in  a 
ying  loft.  Gamble  appears  to  have  made 
e of  some  of  Robert’s  improvements  and  to 
ve  patented  them  in  his  own  name  when 
came  to  England. 


them  and  was  “couched”  from  these  rolls, 
round  which  the  two  wires  returned,  on  to  an 
endless  felt.  This  arrangement  did  not  allow 
the  water  to  pass  away  with  sufficient  freedom, 
and  the  web  of  paper  was  continually  breaking 
in  consequence.  Donkin  spent  a lot  of  time  at 
Two  Waters  watching  the  working  of  his 
machine.  One  day  it  suddenly  occurred  to 
him  to  place  the  “couch”  rods  at  an  angle 
instead  of  vertically  one  over  the  other.  This 
very  simple  alteration  made  all  the  difference 
to  the  removal  of  the  water,  and  is  generally 
acknowledged  by  engineers  and  paper  makers 
to  be  one  of  Donkin’s  most  important  dis- 
coveries. This  change  appears  to  have  been 
made  about  i8i i . 

In  the  Paler  Trade  Review  of  December  7, 
1888,  appeared  a reproduction  of  the  drawing 


Fig.  3. 

Couch  Rolls  Place  d at  an 

AnoiLe  abou-tI^II 


The  Fourdrixiers  and  Donkin. 
i Messrs.  Fourdriniers,  who  financed  the 
idertaking  in  England,  employed  Messrs, 
'ill  and  Co.,  engineers,  of  Dartford.  Halls 
d in  their  employ  a young  man  named 
jyan  Donkin,  who  showed  great  interest  in 
h construction  of  the  paper  machine. 

[Halls  evidently  were  not  particularly  anxious 
t pursue  this  work,  and  so  ultimately  the 
lurdriniers  bargained  for  Bryan  Donkin’s 
j'vices,  and  in  1803  premises  were  taken  in 
irmondsey  (those  which  are  now  occupied  by 
hssrs.  Bryan  Donkin  and  Co.)  where  the  first 
ililly  successful  paper  machine  was  built, 
e machine  built  at  Hall’s  works  appears  to 
ve  been  put  in  a mill  at  Dartford.  The  first 
ichine  made  in  Bermondsey  appears  to  have 
I msent  to  Two  Waters  Mill  in  Hertfordshire, 
e latter  machine  had  two  endless  wire  bands, 
D above  the  other.  The  paper  passed  between 


of  the  original  Fourdrinier  paper  machine  sup 
plied  by  Bryan  Donkin  and  Co.,  of  Bermondsey. 
This  machine  was  patented  in  1807  by  Henry 
Fourdrinier,  Sealy  Fourdrinier,  and  John 
Gamble,  and  improved  and  made  by  Bryan 
Donkin  and  Co.  in  1808.  This  machine  is  a 
great  advance  on  Robert’s  first  machine. 
There  is  a separate  stuff  chest.  A,  on  a high 
level  communicating  with  a wooden  vat,  R, 
provided  with  agitators,  on  which  the  thick 
stuff  is  diluted  with  water,  and  into  which  the 
“back  water”  from  the  machine  is  made  to  flow. 

The  stuff  flows  down  an  inclined  copper 
plate  C on  to  the  travelling  wire  D.  The  wire 
is  placed  at  an  incline  to  prevent  the  sudden 
rush  of  stuff  along  the  wire.  The  drainings 
from  the  wire  are  caught  and  conveyed  by 
means  of  the  “back-water  lifter”  to  the 
wooden  vat.  A proper  deckle,  F,  travelling 
with  the  machine  wire,  is  used. 
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To  get  rid  of  some  of  the  surplus  water,  a 
pair  of  squeezing-rolls,  K,  are  used  close  to  the 
“ couch”  roll.  Round  the  top  roll  is  an  end- 
less web  of  felt  or  wire  gauze,  M,  The  paper 
passes  from  the  “ couch  ” roll,  N,  on  to  an 
endless  web-felt,  and  through  a pair  of  steel 
press  rolls,  and  is  finally  reeled  on  a drum 
at  T. 

Didot’s  Mould-chain  Machine. 

In  1812  Didot  constructed  a machine  on 
what  he  called  his  mould-chain  system.  This 
machine  made  sheets  of  paper  by  moulds 
attached  to  one  another  by  means  of  links  in 
such  a way  as  to  form  a travelling  band  as  in 
the  Fourdrinier  machine.  This  machine  was 


A device  was  used  for  keeping  the  wejel 
straight  and  tight,  that  has  only  withir  ^ 
last  few  years  been  abandoned.  Top  In, 
bottom  wet-felts  were  used,  and  revo|ni 
brushes,  and  a flow  of  water  in  contact  jtt 
the  felts  to  keep  them  clean. 

Fourdrinier’ s Bankruptcy. 

Up  to  the  year  1807  the  Fourdriniers  y-r 
over  £60,000  in  e.xperimenting  with  ancA 
proving  the  paper  machine.  They  had  e 
compelled  to  neglect  their  stationery  busi  si 
and  in  1809  they  sustained  a loss  in  ei 
business  of  ;j^5,635  in  consequence.  “ A tr 
mission  in  bankruptcy  was  accordingly  isje 
on  November  8,  1810,  under  which  Mr.  Chle 


Fig.  4. 


exceedingly  complex  in  comparison  with  its 
predecessors.  It  was  also  a step  in  the  wrong 
direction,  as  it  produced  only  sheets  of  paper 
instead  of  an  endless  web  of  paper.  It  is  very 
important,  however,  as  embodying  many  im- 
provements that  have  survived  to  this  day.  The 
stuff-chest  was  similar  in  construction,  and  pro- 
vided with  a similar  agitator  to  that  used  at 
present. 

The  mode  of  producing  the  shake  by  means 
of  a revolving  disc,  enabling  the  machine-man 
to  alter  the  length  of  the  shake  at  will,  is  a 
decided  step  in  advance.  Apparently  for  the 
first  time  a vacuum  was  applied  to  the  under 
side  of  the  wire  to  drain  off  the  surplus  water. 


J.  Bloxam  (a  son  of  their  former  partner)  i( 
another  person  w'ere  appointed  assignee 01 
behalf  of  the  unfortunate  bankrupts.  . . .f 
So  the  storm  burst,  and  when  it  had  pas'd 
Henry  and  Sealy  Fourdrinier,  Saint  L,e 
Didot,  Nicolas  Louis  Robert,  and  John  GaH 
were  ruined  and  disappointed  men.”  * ' 

The  story  of  the  final  careers  of  these 
is  a long  and  very  sad  one.  We  few  ojJi 
know  how  much  we  are  indebted,  as  a nain 
to  the  labours  of  these  men.  J 

The  Fourdriniers,  in  spite  of  their  finarja 
difficulties,  struggled  on,  and  after  a lojol 
trouble  succeeded  in  obtaining  an  exten^^ 

* The  Paper  Trade  Review,  November  6,  189 
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leir  patent  to  the  year  1822.  The  story  of 
ry  Fourdrinier’s  attempt  to  obtain  royalties 
the  Emperor  Nicolas  is  a proof  of  his 
in^  energy.*  The  Fourdriniers  became 
ved  in  a number  of  law  suits  with  their 
sees,  through  which  they  sustained  a 
t loss. 

1836  a petition  was  presented  to  Parlia- 
, which  resulted  in  the  appointment  of  a 
;e  of  Commons  Committee  for  the  purpose 
iquiring  into  the  advisability  of  compen- 
g the  Fourdriniers,  or  further  extending 
ife  of  their  patent.  The  Committee,  in 
report,  strongl}"  recommended  the  claims 
le  Fourdriniers  to  the  consideration  of 
ament,  and  £20,000  was  talked  of  as  a 
:ompensation.  Finally  it  appears  that  a 
L of  £^,000  was  awarded  the  F'ourdriniers 
e Government  in  iSqo.f 


1814,  when  some  dozen  machines  had  been  constructed 
new  principle,  and  machine-made  paper  was  be- 
f fairly  well  known,  the  Emperor  Alexander  I.  of 
, whose  dominions  had  then  just  recovered  from  the 
anccs  of  1812,  came  over  to  England  for  the  Peace 
ics  and  heard  of  the  invention.  He  appears  to  have 
ssioned  one  Wistinghausen  (though  this  was  after- 
ifficially  denied,  the  transaction  being  construed  as  a 
il  one  between  this  individual  and  H.  Fourdrinier),  to 
ch  the  inventors  with  a view  to  the  apparatus  being 
ced  into  Russia.  Accordingly  an  agreement  was 
up,  under  which  Henry  Fourdrinier  agreed  to  permit 
of  two  of  his  new  machines  (which  were  erected  under 
erintendence  of  one  of  his  sons)  in  the  Imperial  Paper 
Petcrhof  for  ten  years,  at  a royalty  of  £too  per 
The  agreement  further  provided  that  Fourdrinier 
from  time  to  time  communicate,  free  of  charge, 
lars  of  any  improvements  that  might  be  made.  In 
ice  of  this  latter  clause,  one  of  his  sons  went  to 
as  late  as  1824  to  give  details  of  something 
at  had  been  added  in  the  meantime,  although  not  a 
; of  the  stipulated  £j,ooo  had  then  been  paid.  Nor 
1 debt  ever  discharged.  Years  of  correspondence 
proved  fruitless,  Henry  Fourdrinier,  though  then  in 
i year,  went  to  St.  Petersburg  himself  and  laid  his 
ce  before  the  British  Ambassador,  who  approached 
ssian  Government  on  the  subject.  No  satisfaction 
Dtained,  Fourdrinier,  not  to  be  daunted,  penetrated 
’ in  June,  1843,  into  the  grounds  of  the  Imperial 
at  Peterhof,  and  presented  the  Emperor  (Nicholas) 
etition  setting  forth  his  claims.  This  proved  as  void 
t as  all  his  other  efforts  to  get  payment,  and  after 
f delay,  no  answer  being  received,  he  left  St.  Peters- 
disgust,  but  not  despair.  For,  as  a writer  of  the 
ts  it,  “ the  will  that,  through  years  of  patient  toil, 

Ittlcd  against  mechanical  difficulties,  and  finally 
e them,  was  not  to  be  arrested  by  any  obstacle.”  A 
cr  the  Emperor  Nicholas  visited  London,  and  he  was 
ore  approached  by  Fourdrinier,  but,  alas,  again 
result.  His  pertinacity  may  be  accounted  for  by  the 
in  his  impecunious  condition,  the  payment  of  this 
would  have  been  a ver>’  great  advantage  to  him. — 
^de  Paper  Review,  November  26,  1897, 
rs  felt  that  some  recompense  was  due  to  the  brothers, 
fnd  Sealy,  in  recognition  of  the  signal  services  they 
ilcred  to  the  trade  and  to  the  country.  So  in  1836,  as 
lit  of  an  influential  petition,  suggesting  either  com- 
or  a renewal  of  the  patent,  a House  of  Commons 
•ee  was  appointed  to  collect  evidence  and  investigate 


Bryan  Donkin  was  the  only  one  of  the  six 
pioneers  who  made  anything-  out  of  the  inven- 
tion of  the  paper  machine.  His  firm  produced 
from  1803  to  1812  10  machines,  from  1813  to 
1822  25  machines,  and  by  the  year  1851  they 
had  produced  191  machines.* 

the  matter  fully.  It  met  in  May,  1837,  and  was  under  the 
chairmanship  of  Mr.  Mackinnon,  a gentleman  who,  although 
previously  an  entire  stranger  to  the  claimants,  w’as  so  far 
impressed  by  their  condition  and  by  the  justice  of  their  cau‘e 
that  for  years  after  he  consistently  advocated  the  matter  n 
Parliament.  A report  was  prepared,  recommending  the  claim 
to  the  favourable  consideration  of  the  Government,  and  it 
w'as  understood  that  ,^20,000  was  talked  of  as  a reasonable 
sum  to  grant.  When  the  report  was  presented  to  the  Hou:  e 
the  Speaker  took  exception  to  it,  because  the  word  “com- 
pensation ” occurred  in  it,  for  which  he  said  there  was  no 
precedent,  though  it  was  afterwards  pointed  out  that  this 
ojjinion  w'as  erroneous.  Then  the  matter  slumbered  for  a 
couple  of  years,  although  one  of  the  Chancellors  of  the 
Exchequer  of  that  day  seems  to  hav'e  thought  that  ;^i5,ooo 
might  reasonably  be  granted  to  the  Fourdriniers.  As  the 
Government  appeared  reluctant  to  do  anything  of  themselves, 
IMr.  IMackinnon,  in  the  spring  of  1839,  moved  in  the  House 
that  some  definite  action  be  taken  upon  the  report  of  1837. 
Some  debate  ensued,  and  Sir  Robert  Peel  said  that  if  the 
Government’s  hands  w'ere  not  forced,  they  would  do  full 
justice  to  the  case.  One  speaker  referred  to  the  fact  that, 
although  the  Fourdriniers  were  not  the  original  inventors  of 
the  machine,  yet  it  had  been  brought  by  them  to  such  a 
degree  of  perfection  as  to  enable  the  public  to  benefit  by  the 
discovery.  The  opinions  of  Brunei,  the  celebrated  engineer, 
and  Mr.  Lawson,  of  the  Times,  were  also  quoted,  to  the 
effect  that  the  invention  “ was  one  of  the  most  splendid  of  the 
present  age.”  The  inventors  had  been  ruined  by  their  inven- 
tion, and  the  general  opinion  seemed  to  be  that  something 
substantial  should  be  done  for  them.  Ultimately,  however,  in 
deference  to  the  expressed  wishes  of  the  Government,  the 
motion  was  withdrawn.  Another  year  passed  by,  and  then 
a grant  of  ;^7,ooo  appeared  in  the  Supply  estimates  for  the 
current  financial  year.  The  vote  was  discussed  in  the  House 
of  Commons  on  the  8th  of  May,  1840.  The  Chancellor  of  the 
E.xchequer,  in  proposing  it,  said  that  he  had  great  hesitation 
in  proposing  anything,  as  such  a course  might  tend  to  en- 
courage other  disappointed  inventors  to  look  to  the  Govern- 
ment to  recoup  their  expenses,  rather  than  to  their  own 
efforts.  Further,  the  Fourdriniers  were  not  the  original 
inventors,  nor  ever  the  original  patentees,  the  latter  being 
Gamble,  who  had  sold  his  patent  to  the  brothers,  and  “to 
neither  belonged  the  merit  of  having  perfected  the  invention.” 
In  any  case,  £j,ooo  was  quite  enough  for  the  improvers  of  a 
patent.  If  more  were  thought  needful,  the  trade  who  had 
been  benefited  should  find  it,  and  not  the  country.  The  sura 
suggested  was  felt  to  be  too  scanty,  and  Mr.  M.  Philips  (who 
had  presented  numerous  petitions  from  the  public  in  favour 
of  an  increased  grant),  and  several  other  speakers  took  the 
opposite  side,  pointing  out  how  the  Government  offices  saved 
£60,000  a year  in  paper  in  consequence  of  the  invention  ; how 
the  Fourdriniers,  who  had  expended  40, 000  of  their 

own  money  in  perfecting  the  patent,  had  thereby  been  the 
means  of  saving  25  per  cent,  in  the  manufacture  of  paper  (the 
House  of  Commons  alone,  it  was  estimated,  saved  los.  a 
ream  in  the  20,000  reams  required  annually  for  its  official 
documents).  But  all  these  weighty  arguments  went  for 
naught,  as  the  Government  set  its  foot  down,  saj-ing  there 
were  plenty  of  other  equally  deserving  inventors  whom  it  was 
not  proposed  to  compensate,  it  was  setting  a dangerous  pre- 
cedent, etc.,  etc.  So  the  vote  passed  without  alteration,  and 
it  was  said  that  to  get  it  one  of  Henry  Fourdrinicr’s  sons 
(?  George)  had  spent  no  less  than  £3,000  from  first  to  last. — 
The  Paper  Trade  Review,  December  4,  1897. 

* Report  of  the  Juries  of  the  Exhibition  of  1851. 
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Messrs.  Bryan  Donkin,  and  Co.  excelled  all 
other  makers  of  paper  machines.  They  appear 
to  have  supplied  machines  to  all  civilised 
countries  of  the  world.  Donkin  also  intro- 
duced the  revolving  boiler  for  boiling  rags 
under  pressure,  which  was  a great  improve- 
ment over  the  previous  methods  of  treatment. 
Some  of  the  boilers  made  by  his  firm  are  in 
constant  use  to  the  present  day,  and  there  are 
few  boilers  to  beat  them. 

Other  Discoveries  in  Connection  with 
THE  Paper  Machine. 

As  previously  stated,  suction  pumps  were 
applied  to  Didot’s  mould-chain  machine  in 
1812.  It  was  not  until  1826  that  suction  pumps 
were  applied  to  the  Fourdrinier  machine  by 
Canson,  who  kept  it  a secret  for  a time,  but 
communicated  it  to  Wise  and  Middleton  in 
1832.  The  method  of  applying  the  suction  was 
improved  upon  subsequently  by  Brown  and 
Crompton. 

Crompton  in  1820  took  out  a patent  for 
“ drying  and  finishing  paper  by  means  of  cloth 
or  cloths  against  heated  cylinders,  and  the 
application  of  a pair  of  shears  to  cut  the  paper 
off  in  continuous  lengths  as  it  comes  from  the 
machine  or  rollers.” 

The  ‘‘Crompton  Dryer”  gave  a great 
impetus  to  the  manufacture  of  machine-made 
paper.  In  consequence,  however,  of  the  imper- 
fections of  the  Patent-law  of  his  time  some 
people  succeeded  in  setting  aside  his  patents. 

In  1828,  Crompton  and  Taylor  obtained  a 
“patent  for  cutting  paper  longitudinally  by 
means  of  revolving  circular  blades.”  This 
method  of  cutting  paper  is  in  common  use  at 
the  present  time. 

The  following  interesting  statement  appears 
in  the  report  of  the  jurors  of  the  Exhibition  of 
1851  “ Fine  writing  paper  is  now  made,  sized 

with  gelatine,  dried,  and  cut  into  sheets  at  the 
rate  of  60  feet  a minute  in  length  and  70  inches  in 
width,  at  the  works  of  Mr.  William  Joynson, 
at  St.  Mary  Cray,  Kent,  which  produces  from 
only  two  machines  the  large  quantity  of  25 
tons  per  week.”  Contrast  this  with  the  output 
of  one  of  our  modern  machines  producing 
paper.  A modern  machine  will  produce  a 
piece  of  paper  300  to  400  feet  long  and 
120  inches  wide  in  one  minute,  and  will  turn 
out  about  55  tons  of  paper  per  week.  This  is 
about  five  times  the  output  in  weight  and  five 
times  the  speed  of  a machine  in  1851.  The 
best  machine  in  1810  was  run  at  30  feet  per 
minute.  This  is  half  the  speed  of  a machine 
in  1851. 


[A/arc/i  18,  1891; 

Mr.  Lines,  the  foreman  at  Mr.  Willi  ■ 
Joynson’ s mill,  is  generally  accredited  to  ■ 
the  first  to  “ water  - mark  ” machine -nu- 
paper.  He  tried  it  by  sticking  some  twis 
wires  on  to  the  “couch”  roll  by  means  ' 
soap.  However,  we  find  that  Thomas  Barn 
of  St.  Mary  Cray,  took  out  a patent  in  1830 
inserting  the  maker’s  name  in  machine-m£ 
paper.  Barratt  also  produced  rolls  by  a n 
process  with  a great  degree  of  accuracy,  a 
it  was  owing  to  this  that  the  surface  glazing 
paper  was  so  much  improved.  It  is  proba 
largely  owing  to  Barrett’s  efforts  that  hless 
Joynson  and  Son  have  obtained  such  a repu 
tion  for  plate-glazed  and  highly  finisl 
writing  paper. 

Ibotson,  in  1830,  invented  the  strainer  plat 
which  have  been  of  such  service  in  removi 
the  knots,  lumps,  and  dirt  from  the  pulp,  a 
thus  enabling  paper-makers  to  produce  cle 
papers. 

The  “Dandy-roll”  was  invented  in  1830, 
Wilks,  a partner  in  the  firm  of  Bryan  Donk 
and  Company.  The  Dandy  was  primarily  us 
to  remove  some  of  the  surplus  water,  and 
facilitate  the  “ couching  ” of  the  stuff;  but  1 
“ Dandy-roll  ” now  is  constructed  of  wire,  a 
imparts  to  the  surface  of  the  paper  the  “ laic 
or  “wove”  marks.  It  is  also  the  roll  wh 
carries  the  name  or  water-mark,  which 
imparts  to  the  paper  by  making  an  impress; 
upon  it  when  in  a semi-wet  condition. 

In  1809,  Dickinson  constructed  a mach 
on  quite  a different  principle  to  the  Fourdrin 
machine,  for  making  endless  paper.  T 
consisted  of  a hollow  cylinder  covered  vf 
wire  cloth,  revolving  in  a vat  of  pulp.  The 
was  exhausted  from  the  interior  of  the  cylinc 
as  it  revolved,  which  caused  a net-work 
fibres  to  form  on  its  surface,  which  was  stripf 
off  in  the  form  of  an  endless  sheet  of  pap 
This  form  of  machine,  known  as  the  cylin^ 
machine,  is  in  extensive  use  to  the  present  d' 
for  the  manufacture  of  a certain  class 
paper. 

The  year  of  Her  Majesty’s  accession  to 
Throne  was  an  important  one  to  paper-make 
It  was  in  1837  that  an  impetus  was  given 
the  paper  trade  of  this  country  by  the  abolitii 
of  one-half  of  the  excise  duty  on  paper, 
was  not,  however,  until  the  year  1861  that! 
whole  of  the  excise  duty  was  removed,  and 
that  year  also  the  import  duty  on  foret 
papers.  | 

Mr.  Bryan  Donkin,  junior,  informs  me  tl; 
it  was  not  until  1835  or  1837  that  the  manuf;, 
ture  of  continuous  lengths  of  paper  was  reai 


March  i8,  i8t,8.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


iccomplished.  About  that  time  sheets  were 
nade  for  the  first  time,  a mile  or  more  in 
ength. 

PAPER-MACHI^^E  Wires. 

In  the  manufacture  of  the  paper-machine 
vires,  great  progress  has  been  made  within 
(•cent  years. 

Under  the  old  system  the  wire  was  drawn 
hrough  steel  plates,  pierced  to  suit  the 
liameter  of  wire  wanted.  Even  in  the  hands 
tf  the  most  experienced,  it  was  difficult  to 
nake  the  hole  perfectly  smooth,  and  while  the 
vire  was  being  drawn,  the  hole  often  got 
lightly  enlarged,  so  that  a hank  of  wire 
vould  be  a little  greater  in  diameter  at  the  end 
han  at  the  beginning.  Because  of  this,  the 
vire  cloth  was  more  or  less  rough  and  irregular, 
hus  causing  a very  pronounced  wire  mark  on 
he  paper,  and  irregular  wear  on  the  machine. 

Now,  all  wire  used  for  this  purpose  is  drawn 
»y  special  machinery  through  diamond  or 
arbon  dies,  the  holes  in  which  are  perfectly 
ound  and  smooth,  and  as  the  die  is  very  much 
arder  than  the  wire  drawn  through  it,  absolute 
Accuracy  can  be  relied  on  for  a considerable 
line,  and  any  irregularity  or  increase  in 
iameter  can  be  readily  detected  and  rectified. 
Machine  wires  made  of  wire  drawn  in  this 
ay  can  be  made  stronger,  and  at  the  same 
me  more  smooth  and  regular  than  under  the 
Id  style. 

Ihe  opinion  held  by  many  is  that  machine 
ires  to-day  are  not  so  strong  and  durable  as 
lose  woven  30  years  ago.  That  the  reverse 
1 the  case  will  be  readily  conceded  when  the 
:ry  different  working  conditions  are  kept  in 
find.  Paper  machines  now  carry  a very  much 
irger  wire,  and  are  run  at  a greater  speed 
lan  they  were  30  years  ago.  Different  classes 
material  and  stronger  chemicals  are  also 
[nployed,  and  throughout  the  whole  mill  things 
Ire  pushed  through  at  a pace  undreamt  of  at 
liat  time. 

I The  true  standard  of  value  of  a wire  is  the 
'•nnage  of  paper  produced,  and  judged  on 
lis  basis  the  wires  of  to-day  will  much  more 
tan  hold  their  own  with  earlier  wires  ; in  fact, 
ic  latter  would  be  found  to  be  quite  unsuitable 
r the  requirements  of  modern  manufacturing. 
A case  in  point  may  be  quoted.  In  Paper 
faking  of  January  5,  1897,  a well-known  firm 
paper-machine  wire  manufacturers — George 
firistie.  Limited,  of  Glasgow— had  an  extract 
3m  a letter  they  had  received  from  a con- 
lental  mill,  the  mill  owners  writing  as 
Hows : “ It  will  doubtless  be  satisfactory 
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for  you  to  know  that  the  wire  which  you  sent 
for  our  large  machine  has  worked  nearly  four 
months  (119  days),  and  has  produced  600,000 
kilos  of  paper  (about  590  tons).” 

At  the  Paper  Makers’  Exhibition,  held  in 
London  in  June,  1897,  the  same  firm  had  on 
exhibit  a presse-pdte  wire  which  had  been  on 
the  machine  for  ten  months,  during  which 
time  the  machine  ran  off  4,515  tons  of  material. 

In  fine  papers  to-day,  a very  fine  finish  is 
insisted  on,  and  without  the  improvements 
already  referred  to,  this  could  not  be  given. 

Messrs.  George  Christie,  Limited,  Glasgow, 
have  lately  taken  out  a patent  for  an  attach- 
ment to  their  wire-weaving  looms,  by  means 
of  which  the  surface  of  the  wire  is  rendered 
perfectly  smooth  and  regular,  while  the  cloth 
can  be  woven  of  great  weight.  In  conse- 
quence, the  wire  mark  on  the  under  side  of  the 
sheet  is  greatly  minimised,  and  the  life  of  the 
wire  on  the  machine  increased. 

When  the  presse-pdte  came  into  use,  it  was 
necessary  to  provide  a machine  wire  that 
would  withstand  the  action  of  the  bleaching 
powder  contained  in  the  “half-stuff;”  this  is 
now  done  by  coating  tho"wire  with  tin.  The 
tinned  wire  lasts  as  many  months  as  the  un- 
coated wire  did  days. 

The  utilisation  of  esparto  grass,  straw, 
mechanical  and  chemical  wood  pulp  for  the 
manufacture  of  paper,  has  brought  about  in 
recent  years  a complete  revolution.  It  is 
entirely  outside  the  scope  of  this  paper  to  enter 
into  the  history  of  these  substances.  Wood 
now  forms  the  chief  staple  in  point  of  quantity 
as  a paper-making  material,  and  its  utilisation 
is  likely  to  increase  in  the  near  future. 
Undoubtedly,  the  next  generation  will  be 
brought  face  to  face  with  a serious  problem. 
The  Board  of  Forestry  in  Germany  are 
alive  to  the  necessity  of  replanting  the 
timber  of  forests  that  have  been  rapidly 
depleted  for  the  manufacture  of  wood  pulp ; 
but  in  other  countries  enormous  quantities  of 
timber  are  being  removed  from  the  forests 
annually  without  any  attempt  at  replanting. 
The  requirements  of  the  paper  trade  are  likely 
to  become  a great  drain  upon  the  forests  of 
Scandinavia,  the  United  States,  and  Canada. 

Judging  from  the  present  rate  of  increase, 
the  wood  required  will,  before  long,  assume 
enormous  proportions.  It  was  estimated  a few 
years  ago  that  in  the  United  States  of  America 
alone  500,000,000  cubic  feet  of  timber  were 
consumed  annually,  representing  the  destruc- 
tion of  100,000  acres  of  forest.  It  was  also 
estimated  that  each  day  the  Nezv  York  JT^or/d 
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consumed  timber  equal  to  seven  acres  of  an 
average  forest.  The  world’s  timber  suitable 
for  paper-making  is  not  inexhaustible,  and  we 
may  some  day  be  in  a position  in  regard  to 
wood  as  this  country  was  at  the  end  of  the  last 
century  in  regard  to  the  supplies  of  rags. 

There  has  been  a great  deal  said  during  the 
last  few  years  about  the  high  speeds  of  some  of 
the  American  paper  machines.  We  have 
heard  much  about  American  machines  run- 
ning at  500  feet  per  minute,  but  these  state- 
ments must  be  taken  with  the  proverbial 
“grain  of  salt.”  If  such  high  speeds  have 
been  actually  attained  it  can  only  be  for  the 
purpose  of  breaking  the  record.  A machine 
conscientiously  constructed  to  run  regularly  at 
this  excessively  high  speed  must  be  cf  very 
doubtful  economy.  The  first  cost  of  such  a 
machine  must  be  very  great.  The  wear  and 
tear  and  depreciation  must  be  very  high,  and 
the  machine  wires  and  felts  must  be  specially 
made,  and  consequently  very  expensive.  Such 
a machine  appears  to  me  to  be  very  much 
like  the  “Great  Eastern,”  built  before  her 
time. 

It  may  some  day  happen  that  the  con- 
struction of  paper  machines  will  be  so  im- 
proved and  the  “stuff”  worked  in  such  a 
way  as  to  enable  paper  makers  to  work  with 
advantage  at  this  high  speed ; but  I think 
I am  right  in  saying  that  the  general  con- 
sensus of  opinion  is  strongly  against  such 
high  pressure  for  profitable  work.  Some  of 
our  most  enterprising  paper-makers  have  put 
down  high  speed  paper  machines,  apparently 
with  no  other  object  than  that  of  outdoing 
their  American  rivals,  and,  although  their 
machines  have  been  constructed  by  American 
engineers,  as  far  as  I am  able  to  learn,  they 
have  not  succeeded  in  approaching  the  high 
speeds  for  which  the  machines  were  built. 
The  defect  appears  to  be  not  in  the  con- 
struction of  the  machines  themselves,  but 
rather  to  be  due  to  the  fact  that  the  general 
conditions  are  so  different  in  England,  and 
far  less  favourable  to  high  speeds  than  in  the 
United  States  of  America. 

In  conclusion,  I would  draw  your  attention 
to  the  great  change  that  has  taken  place  in 
the  paper  trade  of  this  country  during  recent 
years. 

As  I have  already  pointed  out,  the  introduc- 
tion of  substitutes  for  rags  made  a complete 
revolution  in  the  manufacture  of  paper. 
Chemistry  entered,  or  rather  should  have 
entered,  very  largely  into  the  manufacture 


when  rags  were  the  staple  article.  When  I 
Routledge  introduced  esparto  grass,  a kn( . 
ledge  of  chemistry  became  more  important,  1 1 
still  more  so  when  wood  was  treated  by  > 
sulphite  and  soda  processes.  But  within  1 
last  fifteen  or  twenty  years  another  change  ^ 
taken  place.  It  no  longer  pays  to  treat  wi  1 
in  England — the  wood  must  be  converted  i , 
pulp  close  to  the  source  of  supply,  con 
quently  the  chemical  operations  have  bi 
diverted  to  Scandinavia,  Canada,  and 
States. 

The  English  paper-maker  now  takes  , 
ready  - prepared  pulp,  and  the  process? 
converting  into  paper  is  almost  wh(  - 
mechanical.  The  users  of  rag  and  espa  1 
still,  of  course,  continue  to  do  the  whole,; 
the  chemical  operations  themselves.  As  ■ 
have  seen,  a paper-mill  with  two  machi  ; 
producing  25  tons  of  paper  per  week  \ , 
looked  upon  with  awe  in  1851.  Within  ; 
last  few  weeks  we  have  witnessed  the  air  - 
gamation  of  some  of  the  leading  “ new ' 
mills  in  the  United  States,  know'n  as  ^ 
International  Paper  Company.  This  comp; ' 
has  a daily  output  of  1,543  tons  of  paper.: 
not  ver}^  far  short  of  9,000  tons  of  paper  : 
week. 


DISCUSSION. 

Professor  J.  M.  Thomson,  F.R.S.,  being  ca ! 
upon,  said  he  was  scarcely  qualified  to  discuss  r 
paper,  but  he  had  listened  to  it  with  very  gi 
pleasure,  and  was  very  glad  to  find  that  the  Soc  ■ 
was  able  to  obtain  papers  of  this  kind,  contain 
such  an  interesting  account  of  the  history 
the  subject.  Veiy  often  the  manufacturers  of  • 
present  day  were  so  keen  in  the  competition  wl 
was  forced  upon  them  that  they  rather  put  aside 
history  of  their  craft,  and  Mr.  Beadle  had  set  a v 
good  example  in  treating  his  subject  in  this  way. 

Mr.  W.  G.  Trewby  said  he  also  had  been  m > 
interested  in  the  paper.  He  remembered  s( 
twenty-five  or  thirty  years  ago,  when  he  happenec 
be  in  the  neighbourhood  of  Mr.  McMurray’s  pa 
mills  in  Scotland,  being  allowed  to  go  over  tht , 
and  it  was  pleasant  to  witness  the  rapid  prod 
tion  of  paper  from  esparto.  He  should  have  b ■ 
glad  to  hear  something  further  about  the  use  of  t 
material,  because  when  he  inquired  how  it  v 
treated  he  was  told  it  was  a secret.  With  reg 
to  the  manufacture  of  paper  from  straAV  and  wo  i- 
it  was  interesting  to  know  that  as  early  as  1 80 1 
book  Avas  published  on  that  very  subject  by  a wri 
named  Koops,  in  which  attention  was  drawn  to  ^ 
fact  that  as  rags  were  getting  so  scarce  it  i - 
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jssary  to  pay  attention  to  other  materials.  Half 
[lat  book  was  printed  on  paper  made  from  straw, 
the  other  half  on  paper  made  from  wood  pulp, 
le  time  ago  it  was  stated  in  the  Times  that  paper 
le  from  wood  and  straw  would  not  last  a genera- 
, but  this  book,  made  from  those  materials,  and 
-ly  one  hundred  years  old,  was  still  in  his 
session. 

he  Chairman  said  they  were  all  very  much 
bted  to  Mr.  Beadle  for  his  most  interesting 
;r.  He  agreed  with  Professor  Thomson  that 
ppealed  to  them  in  a historic  sense  especially, 
he  would  have  liked  to  see  portraits  of  the 
lent  men  mentioned,  who  certainly  deserved 
I of  their  country.  He  recollected  many  years 
i a friend  of  his  telling  him  that  when  visit- 
a village  in  the  neighbourhood  of  London,  he 
1 a number  of  old  men  moving  about  doing 
ling,  and  asked  someone  he  met  how^  it  w^as  there 
1 so  many  people  apparently  out  of  w^ork,  though 
hale  and  hearty.  The  reply  w'as  that  that  w'as 
I ilace  where  bank-note  paper  w^as  made,  and  these 
rtunate  people  had  “ lost  their  shake.”  That  did 
convey  much  information  to  him  at  first,  but  it 
; explained  to  him  that  in  the  making  of  the  paper, 
'h  was  done  much  as  they  had  seen  it  that  even- 
I it  required  a peculiar  kind  of  shake  to  get 
I pulp  on  the  frame,  and  that  after  a man 
i been  at  it  for  many  years  he  sometimes  lost 
1 trick  of  it,  and  the  result  w^as  that  the  Bank 
;ioned  them  off.  Paper  began  with  rags,  and 
< was  made  of  esparto.  In  future  it  seemed  as  if  it 
i d mostly  be  made  of  wood,  and  what  had  been 
i about  the  destruction  of  the  forests  was  certainly 
1 serious.  The  matter  should  certainly  be  taken  into 
I.  deration  by  their  friends  in  Canada.  He  concluded 
^ roposing  a cordial  vote  of  thanks  to  Mr.  Beadle. 

le  vote  of  thanks  having  been  passed  unani- 

1 . Beadle,  in  reply,  said  that  wLen  he  undertook 
i subject  he  hardly  knew  whether  he  should  have 
Idress  an  audience  of  paper-makers  or  of  those 
nj  had  veiy  little  knowdedge  of  the  subject, 
tlierefore  thought  it  best  to  deal  mainly  with  that 
iij3n  of  the  subject  wLich  certainly  ought  to 
tj:st  both  paper-makers  and  the  public,  viz.,  the 
sjy  of  paper-making,  rather  than  to  enter  very 
U|,  into  technical  details.  He  happened  fortun- 
t'jy  to  possess  a copy  of  the  book  which  Mr. 
:<lby  had  referred  to,  wLich  he  picked  up  at 
id  book-shop  at  Torquay  for  2s.,  but  he  had 
t r disfigured  it  by  cutting  out  portions  to  examine 
e^aper.  He  believed  the  strength  of  the  paper 
i:iery  much  due  to  the  fact  that  it  w^as  heavily 
with  gelatine,  and  also  to  the  fact  which 
iientioned  in  a lecture  at  the  Agricultural- 
J I that  certain  preservatives  w'ere  used  at  the 
of  the  last  century'  which  had  since  been 


lost  sight  of.  They  could  not  afford  now  to  use 
gelatine  in  paper,  because  it  would  cost  as  much  as. 
all  the  rest  of  the  raw  material.  He  should  also 
mention  that  the  paper,  though  strong,  was  of  a verj' 
bad  colour ; still,  it  was  wonderfully  preserved.  He 
should  have  much  liked  to  exhibit  photographs  of  the 
pioneeers  of  the  industry,  who  ought  to  be  revered 
by  paper-makers,  but  he  would  point  out  that 
portraits  of  most  of  them  would  be  found  in  the  paper 
he  had  referred  to.  He  found  he  was  not  quite  correct 
in  saying  that  Germany  was  the  only  country-  which 
had  taken  up  the  question  of  forestr>-,  for  he  noticed 
that  morning  that  the  Papermakers’  Association  of 
the  United  States  had  formed  a committee  for  the 
purpose  of  discussing  this  question.  Germany  often 
took  the  lead  in  these  matters,  but  no  doubt  it  would 
soon  be  followed  by  others. 


Miscellaneous. 


SALT  INDUSTR  V OF  ST.  CHRISTOPHER. 

St.  Christopher,  though  essentially  a sugar-pro- 
ducing island,  possesses  also  means  for  the  manufac- 
ture of  salt.  The  two  articles  require,  however, 
w^eather  as  different  as  day  and  night  for  their  pro- 
duction. During  the  last  three  years  rain  has  fallen 
in  copious  showers  which,  while  tending  to  produce 
an  abundant  harvest  of  sugar  cane,  has  completely 
put  a stop  to  the  salt  industry.  The  south-eastern 
extremity  of  St.  Christopher,  in  striking  contrast  with 
other  parts  of  the  island,  is  extremely  dry  and  barren, 
and  here  is  situated  the  plantation  known  as  the 
“ Salt  Pond  Estate,”  covering  an  area  of  about  2,400 
acres.  The  United  States  commercial  agent  at  St. 
Christopher  says  that  formerly  sugar  cane  was  culti- 
vated to  a considerable  extent,  as  the  abandoned 
w’orks  mutely  testify,  but  this  industry  has  long  since 
ceased  to  exist.  Salt  is  now  the  only  article  that 
makes  the  property  of  value,  and  it  is  obtained  from  a 
pond  at  least  300  acres  in  extent.  In  form  it  is  oval, 
and  the  water  around  the  shores  averages  from  3 to 
5 inches  in  depth,  while  in  the  centre  it  is  about  2 feet. 
The  bottom  is  covered  by  soft,  black  mud  upon  which 
the  crystallisation  takes  place.  At  a distance  of  300 
yards  there  is  a smaller  pond  which  is  used  as  a 
reseiwoir  for  the  preparation  of  brine,  and  the  western 
shore  of  w'hich  is  contiguous  to  the  sea.  The  process 
is  as  follows.  From  the  sea  to  the  reservoir  there 
is  a canal,  with  a flood-gate  through  which  sea  water 
is  let  in  until  a sufficient  quantity  is  obtained.  The 
flood-gate  is  then  closed,  and  evaporation  by  solar  heat 
takes  place.  From  a density  of  about  3°,  the  ordinary 
saline  strength  of  sea  water,  the  evaporation  continues 
until  16°  or  18°  is  reached,  which  is  tested  by  means 
of  a hydrometer.  The  brine  thus  fonned  is  trans- 
fened  through  another  canal  from  the  reservoir  to  the 
salt  pond,  where  the  evaporation  continues  until  the 
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density  is  25^.  At  this  point  the  salt  can  no  longer 
be  held  in  solution,  and  its  deposit  on  the  mud  below 
commences.  Should  the  surface  of  the  water  be 
unruffled  by  the  Avind,  the  process  can  be  seen  to 
jAcrfection,  The  salt,  looking  like  grease  floating  on 
tlie  water,  gradually  breaks  away  and  trickles  to  the 
bottom,  Avhere  it  looks  like  thin  watery  milk.  The 
<leposit  goes  on  from  day  to  day  until  crystals  are 
]Aerceptible,  and  these  increase  in  size  until  considered 
mature,  the  sides  of  the  top  squares  of  the  grains 
averaging  from  three-quarters  of  an  inch  to  two  inches 
in  length.  The  harvesting  now  begins.  The  labourers, 
jirovided  with  wicker  baskets  made  in  the  shape  of  a 
basin  and  holding  half  a bushel,  enter  the  pond, 
break  the  layer  or  crust  of  salt  (varying  from  three- 
<iuarters  of  an  inch  to  tAvo  inches  in  thickness)  and  by 
means  of  their  hands  lift  large  flakes  Avfflich  are 
thrown  into  the  baskets.  When  full,  the  baskets  are 
inoA'ed  in  the  Avater  in  such  a manner  as  to  leave  the 
salt  thoroughly  cleansed  from  mud  or  any  particle  of 
dirt  and  to  cause  the  flakes  to  break  into  grains.  This 
accomplished,  the  salt  is  throAvn  into  large  flat 
bottom  punts  each  holding  about  30  barrels.  AVhen 
the  punts  are  loaded  they  are  forced  by  means  of 
]Aoles  through  the  shalloAv  AA’ater  and  soft  mud 
until  they  are  as  near  the  delivery  point  as  they  can 
be  got.  The  salt  is  then  taken  in  trays  and  tubs  on 
the  labourers’  heads  to  the  pile,  Avhere  it  is  measured 
in  baiTels,  the  piles  containing  from  30,000  to  50,000 
barrels.  The  salt  is  of  superior  quality  and  is  very 
heavy,  averaging  87  pounds  to  the  bushel.  It  is  AA’ell 
adapted  in  its  natural  state,  i.e.,  Avhile  the  grains  are 
coai>e,  to  the  packing  of  beef  and  pork,  and  when 
crushed  or  ground  to  the  preservation  of  codfish,  &c. 
The  i)ond  is  said  to  be  capable  of  producing,  in 
favourable  Aveather,  about  300,000  bushels. 


TRADE  CONDITIONS  IN  NORTHERN 
CHINA. 

Tientsin  is  the  principal  port  open  to  foreign  trade 
for  Xorth  China  and  Mongolia,  and  is  at  the  junction 
of  the  Peiho  River  and  Grand  Canal,  80  miles  from 
Peking,  and  57  miles  from  the  sea  by  river.  The 
<flune»e  population  is  estimated  at  1,000,000,  and  the 
Kuropean  community  comprises  about  500.  The 
Netherlands  Consul  at  Tientsin,  in  a report  to  the 
Cimsulairc  Verslagen,  Amsterdam,  says  that  there 
are  id  or  17  foreigners  employed  by  the  Govern- 
ment in  the  militaiy,  medical,  and  naval  colleges  in 
'l  ifnl-an  ; over  30  in  the  employ  of  the  Imperial 
('hinese  railways,  ami  others  are  engaged  as  military 
instructors,  which  is  one  of  the  results  of  the  pro- 
gic-^siAc  spirit  Avhich  characterised  the  government  of 
the  j)roAincc  during  the  tenure  of  office  of  Li  Hung 
<’hang.  'file  trade  of  I'ientsin  is  developing,  and 
needs  only  improved  means  of  communication  to 
become  still  more  important.  There  is  concentrated 
in  that  city  the  commerce  of  the  j)rovinces  of  Chihli, 
.Shansi,  Honan,  Shensi,  and  Xansuh,  and  also  a part  . 


of  the  trade  of  the  province  of  Shantung  furthej 
there  is  the  trade  of  Mongolia,  and  some  of  tlj 
Manchurian  trade.  The  coal  mine  at  Tongshan  aboi 
80 miles  north-east  of  Tientsin,  has  an  average  daily  oul 
put  of  r,500  tons,  and  recently  the  high  figure  of  2 oc' 
tons  has  been  reached.  The  coal  is  used  on  the  railwa- 
and  steamers,  and  coke  is  sent  as  far  as  HankoAv,  [ 
the  Yangtze-Kiang,  and  is  used  at  the  Hanyang  Irc| 
AVorks.  The  coke  is  made  according  to  old  methocj 
and  it  is  intended  to  build  ovens  similar  to  those  ustj 
in  Europe.  Tientsin  is  also  the  centre  of  the  mai 
roads  in  northern  China  ; cara\-an  routes  to  Ma 
churia,  to  Mongolia,  to  the  Yellow  River,  to  Chefol 
to  HankoAv,  &c.,  converging  here.  The  roads  are 
bad  condition  and  during  the  rainy  season  are  inmai' 
places  just  like  rivers.  The  means  of  transport  a 
camels,  mules,  and  carts.  The  Russian  transit  trac 
via  Tientsin  and  Mongolia,  Avhich  has  increas(| 
enoiTnously  of  late,  Avill  be  diverted  to  Adadivostock 
the  completion  of  the  Siberian  raihvay,  but  the  Cons| 
says: — “If  the  Chinese  raihvay  schemes  at  prese’ 
under  consideration  are  carried  out,  and  if  the  coj 
and  iron  mines  in  the  provinces  Avest  of  Tientsin  a 
alloAved  to  be  Avorked  Avith  foreign  capital,  the  trade 
this  port  may  be  to  a great  extent  compensated  f 
Avhat  it  Avill  lose  through  the  diversion  of  the  Russiej 
commerce.”  Tientsin  is  connected  by  rail  Avi 
ShanhailcAvan,  174  miles  distant.  Other  lines  a: 
almost  completed.  The  Chinese  Imperial  telegraj, 
service  intends  to  extend  its  lines  by  the  consti-uctic] 
of  a line  from  Peking  through  Alongolia  to  Kiacht 
connecting  at  the  latter  place  Avith  the  Russian  telj 
graph  system  in  Siberia. 


Correspondence. 

♦ 

COMMER  CIA  L MUSE  UMS. 

AA^hen  spending  a feAV  days  in  a small  Germ^i 
tOAvm  last  year,  I asked  the  landlord  of  the  hotel  Avh, 
Avere  the  chief  manufactures  of  the  district.  He  toi 
me  that  clocks  and  musical  instruments  were  man 
factured  in  the  tOAvn,  and  that  I should  find  a repr' 
sentatiA^e  collection  in  the  Commercial  Museum, 
lost  no  time  in  visiting  the  museum,  and  it  seemed 
me  that  a similar  institution  would  be  very  useful 
many  of  our  provincial  tOAAns  and  also  in  Londoi 
Admission  Avas  free  to  any  person  engaged  in  cod 
merce,  and  the  building  contained  a well-aiTang^ 
collection  of  the  manufactures  of  the  district  with  tlj 
manufacturers’  names  and  prices. 

At  that  time  I wished  to  obtain  prices  and  pal 
ticulars  of  clocks  and  musical  boxes  for  the  Sou 
American  market,  and  in  less  than  half  an  hour  I h^ 
seen  many  suitable  articles,  and  obtained  the  nam 
of  the  manufacturer?.  The  same  day  I called  upc 
the  manufacturers  and  obtained  further  particulars 
to  discounts,  cost  of  packing,  heights,  &c. 

The  object  of  the  museum  vas  to  enable  buyers  ^ 
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e at  once  what  ^oods  were  made  in  that  nei<,dibour- 
)od,  and  if  some  20  or  30  German  manufacturers 
und  it  worth  while  to  establish  such  a museum  in  a 
nail  provincial  town,  surely  it  would  be  well  if  some 
our  English  manufacturers  would  do  the  same 
ling  in  London  or  in  some  of  our  large  manufactur- 
ig  towns. 

I know  nothing  about  the  management  of  this 
ommercial  Museum  ; it  may  be  a municipal  institu- 
on,  or  perhaps  under  the  control  of  the  State  ; but 
such  an  institution  were  established  in  England, 
le  control  would  be  vested  in  a committee  of  the 
abscribers,  as  a matter  of  course. 

One  of  the  objects  of  the  Society  of  Arts  is  the 
romotion  of  commerce,  and  for  this  it  has  done 
nuch  in  the  past,  and  may  do  more  in  the  future,  and 
or  this  reason  I venture  to  advocate  this  scheme  in 
our  columns.  If  this  idea  seems  to  you  \vorth  dis- 
ussion,  I should  be  very  glad  to  explain  at  greater 
ength  what  seems  to  me  the  advantages  and  diffi- 
:ulties,  and  the  best  way  in  which  they  might  be 
rvercome. 

Charles  Holmes. 

24,  Aberdare-gardens,  AVest  Hampstead, 

March  14,  1808. 


Obituary. 


Sir  Richard  Ouain,  Bart.,  M.D.,  F.R.S. — 
This  distinguished  physician,  who  died  on  Sunday 
morning,  13th  inst.,  was  a member  of  the  Society 
of  Arts  of  forty  years’  standing,  having  been  elected 
in  1858.  Sir  Richard  Ouain  was  born  at  Mallow, 
near  Cork,  on  October  30,  1816,  and  commenced 
his  medical  studies  in  January,  1837,  at  University 
College,  London,  where  his  cousins — Jones  Quain 
and  Richard  Quain  — were  already  in  office,  the 
former  as  teacher  of  anatomy,  and  the  latter  as 
a surgeon.  In  1842  he  took  his  degree  of 
doctor  of  medicine,  and  was  the  only  candi- 
date of  his  year  who  received  honours  in  medicine, 
obtaining  the  gold  medal  and  a certificate  of  special 
proficiency.  In  1851  he  was  elected  a Fellow 
of  the  Royal  College  of  Physicians.  In  1863  he  was 
appointed  one  of  the  six  Cro\\n  members  of  the 
General  Medical  Council,  and  since  then  he  was  six 
times  reappointed,  and  was  intimately  associated 
with  its  government  as  trustee,  treasurer,  and  in  1891 
president.  He  published  several  courses  of  lectures, 
and  was  editor  of  the  “ Dictionary  of  Medicine.” 


General  Notes. 

♦ 

The  World’s  AVine  Production, — The 
Moniteur  Vinicole  has  recently  issued  a statement 
showing  the  wine  production  of  the  various  countries 


of  the  world  in  1897.  The  following  figures  show  the 
yield  in  each  country  for  that  year,  and  the  corres- 
ponding figures  for  1896  : — 


Gals. 


1897. 


P'rance  

Algeria 

Tunis  

Italy  

Spain 

Portugal  

Azores,  Canary,  j 
and  Ma  leira. . j 

Austria  

Hungary  

fiermany  

Russia  

Switzerland  .... 
Turkey  & Cyprus 

Greece  

Bulgaria  

Servia  

Rouimnia 

United  States  . . 

Mexico  

Argentine  Re-  ) 

public  j 

Chili  

Brazil  


71 1.722.000 

96.090.000 

1.980.000 

571.087.000 

415.800.000 
55,000,000 

5.500.000 

39.600.000 

26.400.000 

46.200.000 
55,000,000 

27.500.000 

39.600.000 

26.400.000 

23.980.000 

20.240.000 

70.400.000 

25.234.000 

1.320.000 

31.680.000 

61.600.000 

8.580.000 


Cape  of  Good  I 

Hope j 

Persia  

Australia  


4.290.000 

550,000 

2.002.000 


Gals. 

1896. 

982.432.000 
89,100,000 

2.094.000 

474.606.000 

392.262.000 
72,  i6o,coo 

7.040.000 


55.000. 000 

25.300.000 

68.420.000 

63.800.000 

33.000, cxx> 

67.100.000 

47.300.000 

29.920.000 

24.200.000 
165,000,000 

14.960.000 

1.546.000 

34.980.000 

37.460.000 

10.450.000 

1.980.000 

704,000 

3.960.000 


The  vSugar  Industry  of  Germany,  P'rance, 
AND  Austria. — During  the  course  of  the  discussion 
which  recently  took  place  in  the  P^rench  Senate  on 
the  subject  of  the  sugar  duties  in  that  countiy,  some 
interesting  figures  were  quoted  showing  the  progress 
of  the  sugar  industry  in  the  three  sugar-producing 
countries — Germany,  France,  and  Austria.  During 
the  year  1874-75  P'rance  produced  450,000  tons  cf 
sugar,  Germany  250,000,  and  Austria  106,000,  while 
twenty  years  later  France  fell  to  the  third  rank,  and 
Germany  produced  1,831,000  tons,  Austria  1,046.000, 
and  P'rance  745,000  tons.  In  1873  P'rance  exported 
200,000  tons  of  sugar,  Austria  64,000,  and  Germany 
21,000;  while  in  1895  Germany  exported  1,000,000 
tons,  Austria  500,000,  and  P'rance  188,000  tons. 
The  departments  in  which  the  largest  quantities  of 
beets  are  produced  in  P'rance  are  the  following  : — 
Xord,  Aisne,  Somme,  Oise,  Pas  de  Calais,  Seine  et 
Marne,  Seine  et  Oise,  Sevres  (Deux),  Eure,  Ardennes, 
Charente  Inferieure,  and  Loiret.  The  consumption 
in  France  in  1895  amounted  to  433,000  tons,  and  in 
Germany  to  552,000  tons.  The  total  bounty  granted 
in  P'rance  on  ths  manufacture  of  sugar  amounted 
in  1884-85  to  _j6i,oi2,ooo,  and  in  1896  to  ^^2, 302,000. 
The  quantity  of  sugar  consumed  per  head  of  the 
population  in  Germany,  France,  and  Austria  amounted 
respectively  to  26-7,  27-8,  and  16-5  pounds. 
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MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  Evenings,  at  8 o’clock  : — 

March  23. — “ The  Preparation  of  Meat  Extracts.” 
By  C.  R.  Valentine. 

March  30. — “ Telegraphy  Across  Space.”  By 
Professor  Silvanus  P.  Thompson,  F.R.S.  J.  W. 
Swan,  F.R.S. , will  preside. 

Dates  to  be  hereafter  announced  : — 

“ Stage  Mechanism.”  By  Edwin  O.  Sachs. 

“ Water  Gas  and  its  Applications.”  By  Professor 

Vivian  Lewes. 

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  ; — 

March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S.  The  Right 
Hon.  Sir  Henry  Fowler,  G.C.S.I.,  M.P.,  will 
preside. 

April  21. — “Recent  Railway  Policy  in  India.” 
By  Horace  Beli.,  M.Inst.  C.E. 

April  28. — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart. 

May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 
Henry  M.  Stanley,  M.P.,  will  preside. 

The  meeting  of  March  31  will  be  held  at 
the  Imperial  Institute;  those  of  April  21, 
April  28,  and  May  19  at  the  Society  of  Arts. 

Foreign  and  Colonial  Section. 

April  5,  at  8 p.m. — “ The  British  Empire,  its 
Resources,  and  its  Future.”  By  John  Lowles,  M.P. 


Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock  : — 
March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B.  Sir 
John  Evans,  K.C.B. , D.C.L. , Treas.  R.S.,  will 
])rcsidc. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock 
Prof.  W.  Noel  Hartley,  F.R.S.,  “The 
I'hermo-Chemistryof  the  Bessemer  Process.” 
Three  Lectures. 

Lecture  II. — March  21. 

The  course  of  chemical  change  in  the  “blow” — 
'Fhcrmo-cheiTiical  data — Thermo- chemical  data  in  their 
njjplication  to  metallurgical  operations — Assumed  com- 
position of  pig-iron  — Calculations  applied  to  the 
“acid”  and  the  “basic”  processes — Other  calcula- 
tions— Temperature  of  the  metal — The  study  of  the 
Bessemer  flame  and  its  spectrum. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  March  21... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof.  ’ 
W,  N.  Hartley,  “The  Thermo-Chemistry  of  the 
Bessemer  Process,” 

Sanitary  Institute,  74A,  Margaret- street,  W.,  8 p.m. 
Mr.  J.  Osborne  Smith,  “ Principles  of  Calculating 
Areas,  Cubic  Space,  &c.” 

Imperial  Institute,  South  Kensington,  8|  p.m.  Mr. 

F.  W.  Verney,  “ Siam  ; Past  and  Future.” 
Surveyors,  Savoy-streot,  Strand,  W.C.,  8 p.m.  Mr. 

H.  M.  Grellier,  “Tithe  Rent  Charge  Recovery.” 
British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Mr.  J.  D.  Crace,  “ Heraldic  Drawing  and  its 
Adaptation.” 

Victoria  Institute,  8,  Adelphi -terrace,  W.C.,  8 p.m. 
Mr.  Theo.  G.  Pinches,  “A  new  Babylonian  Story 
of  the  Flood.” 

Tuesday,  March  22. ...Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Prof.  E.  Ray  Lankester,  “ The  Simplest 
Living  Things.”  (Lecture  X.) 

Civil  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  I.  Discussion  on  paper  by  IMr.  Henry 
Fowler,  “ Calcium  Carbide  and  Acetylene.”  2. 
Mr.  E.  W.  Stoney,  “Extraordinary  Floods  in 
Southern  India : their  Causes,  and  Destructive 
Effects  on  Railway  Works.” 

Photographic,  12,  Hanover-square,  W.,  8 p.m. 
Mr.  Robert  Demachy,  “ The  Gum  Bichromate 
Process.” 

Wednesday,  March  23. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Mr.  C.  R.  Valentine,  “ The 
Preparation  of  Meat  Extracts.” 

Geological,  Burlington-house,  W.,  8 p.m. 

Japan  Society,  20,  Hanover-square,  W.,  8|  p.m. 
Mr.  S.  Bing  Hokusais,  “ Thirty-six  Views  of 
Fujiyama.” 

Thursday,  March  24... Royal,  Burlington-house,  W.,  4I  p.m. 
Antiquaries,  Burlington-house,  AV.,  8|  p.m. 

Sanitary  Institute,  74A,  Margaret-street,  W.,  8 p.m. 
Prof.  W.  H.  Corfield,  “Water  Supply,  Drinking 
Water,  and  Pollution  of  Water.” 

Society  for  the  Encouragement  of  Fine  Arts,  9,  Con- 
duit-street, W.,  8 p.m.  Mr.  E.  F.  Jacques,  “The 
Development  of  Melody  and  Harmony  in  the 
Music  of  the  Middle  Ages.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Prof.  J.  A.  Fleming,  “ Recent  Researches  in  Mag- 
netism and  Diamagnetism.”  (Lecture  IV.) 
Electrical  Engineers,  25,  Great  George-street,  S.W., 
8 p.m.  Mr.  R.  Hammond,  “Cost  of  Generation 
and  Distribution  of  Electrical  Energy.” 

Friday,  March  25. ..Royal  Institution,  Albemarle-street,  W., 
8 p.m.  Weekly  Meeting.  9 p.m.  The  Very  Rev. 
the  Dean  of  Canterbury,  “ Canterbury  Cathedral.” 
Civil  Engineers,  23,  Great  George-street,  S.W.,  8 
p.m.  (Students’  Meeting.)  Mr.  H.  O.  Eurich, 
“ Internal  Governor  Friction.” 

Clinical,  20,  Hanover-square,  W.,  8|  p.m. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  W.,  5 p.m.  I.  Mr.  A.  A.  Campbell  Swinton, 
“ The  Circulation  of  the  Residual  Gaseous  Matter 
in  a Crookes  Tube.”  2.  Mr.  A.  Stansfield,  “ Some 
Improvements  in  the  Roberts-Austen  Recording 
Pyrometer,  and  Notes  on  Thermoelectric  Pyro- 
meters.” 

Saturday,  March  26. ..Botanic,  Inner  Circle,  Regent’s-park, 
N.W.,  3I  p.m. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Mr.  Lionel  Cust,  “Portraits  as  Historical  Docu- 
ments,” (Lecture  I.) 
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<4//  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  fohn-street,  Adelphi,  London,  IV. C. 


Notices. 


CANTOR  LECTURES. 

Professor  W.  Noel  Hartley,  F.R.S., 
delivered  the  second  lecture  of  his  course  on 
The  Thermo  - Chemistry  of  the  Bessemer 
Process”  on  Monday  evening,  21st  inst. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


Proceedings  of  the  Society. 

♦ 

APPLIED  ART  SECTION 

Tuesday,  March  8,  1898;  Walter  Crane 
in  the  chair. 

The  paper  read  was — 

THE  MAKING  OF  A STAINED  GLASS 
WINDOW. 

By  Leayis  Foreman  Day. 
Introdlxtion. 

The  making  of  a stained  glass  window  : how 
it  can  be  made  ; and  how  it  should,  I think,  be 
made — that  is  the  subject  on  which  I am  going 
to  speak  to-night. 

With  the  history  of  glass,  with  style,  we 
have  nothing  for  the  moment  to  do,  and  even 
with  design  we  are  concerned  only  in  so  far  as 
it  bears  relation  to  ways  and  means,  and  is 
determined  by  them. 

A stained  glass  window  is  in  the  first  place 
glazing;  a mosaic,  that  is  to  say,  of  pieces  of 
glass — quite  strictly  a mosaic ; as  much  a 
mosaic  as,  for  example,  a Roman  pavement, 
only  it  is  not  marble  or  any  opaque  substance 
that  is  used,  but  translucent  glass,  and  the 
pieces  of  shaped  glass  are  held  together,  not 
by  cement,  but  by  an  open  framework  of  lead — • 
strips  of  lead,  that  is  to  say  (in  section  some- 
thing like  a capital  H)  and  connected  together 


at  the  joints  by  soldering,  are  the  means  we 
have  finally  adopted  for  framing  our  trans- 
lucent glass,  just  as  the  old  enamellers  used 
“ cloisons  ” of  metal  to  form  cells  for  their 
vitreous  colours.  Indeed,  it  is  to  cloisonne 
enamel  that  stained  glass  in  its  simplest  and 
most  direct  form  is  most  nearly  related,  and 
not  to  painting  at  all. 

A mosaic  of  stained  glass  can  be  made  (and 
often  has  been  made)  in  which  the  setting  is 
not  lead,  but  stone  or  plaster.  This,  however, 
is  an  Oriental  practice,  which  has  not  been 
much  used  with  us,  though  there  is  no  reason 
why  it  should  not,  except  that  our  aim  is  nowa- 
days mostly  more  or  less  pictorial,  and  the 
Oriental  method  lends  itself  more  kindly  to 
ornamental  pattern. 

I have  seen  a window  in  which  the  frame- 
work of  the  glass  was  of  bronze,  if  I remember 
rightly.  I have  myself  used  a fretwork  of  brass, 
zinc,  or  wood,  but  the  accepted  way  of  glazing 
is  with  lead,  and  on  the  whole  lead  is  probably 
the  most  convenient  thing  to  use.  I show  you 
on  the  screen  a couple  of  Arab  windows,  the 
one  probably  of  stone,  the  other  certainly  of 
plaster ; and  in  the  next  slide  a portion  of  the 
last  mentioned  is  in  colour. 

A window  of  this  kind  may  be  regarded  as  a 
kind  of  magnified  version  of  the  jewel  setting 
of  the  East  (imagine  the  setting  to  be  open),  in 
which  stones  more  or  less  precious  are  used, 
less  for  their  intrinsic  value,  than  for  their 
liquid  and  luscious  colour. 

The  use  of  small  pieces  of  glass  was  in  the 
first  instance  obligatory.  Glass  was  made 
only  in  small  pieces,  and  it  was  precious,  far 
too  precious  to  let  even  the  smallest  bit  of  it 
be  lost. 

The  scientific  century  in  Avhich  we  live  has 
achieved  monster  panes  of  plate,  and  we  are 
independent,  therefore,  of  the  glazier  in  so  far 
as  clear  white  glass  is  concerned. 

But  for  coloured  windows,  unless  they  Avere 
each  all  of  one  colour,  the  ancient  practice 
still  holds  good.  We  have  a fuller  palette 
than  the  mediaeval  workman  (whatever  that 
may  be  worth),  but  for  each  individual  colour 
in  a window  (with  exceptions  presently  to  be 
made)  we  have  to  use  a separate  piece  of  glass  ; 
and  it  is  the  mosaic  of  these  pieces  which 
makes  the  stained  glass  Avindow. 

For  the  colour  of  stained  glass,  obserA'e,  is 
in  the  glass  itself.  That  is  to  say,  in  the  melting 
pot,  Avith  the  ingredients  of  the  glass,  there  is 
mixed  a mineral  oxide,  copper,  cobalt,  manga- 
nese, Avhich,  Avhen  the  Avhole  mass  is  molten, 
stains  it  red,  blue,  purple,  and  so  on  ; for  Avhich 


42  z 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


\_March  25,  1898. 


reason  this  through -coloured  glass  goes  by  the 
name  of  ‘‘pot-metal.”  The  term  is  one  to 
remember:  pot-metal,  i.e.,  glass  coloured  in 
the  melting  pot. 

Mosaic. 

A stained  glass  window,  then,  is  in  the  first 
place,  a mosaic  of  pot-metal  glass,  in  which 
the  outlines  of  the  design  correspond  with  the 
lines  of  lead  with  which  the  glass  is  bound 
together. 

In  a mere  pattern  design  of  very  pale 
tints  of  glass  (technically  “whites”)  these 
lead  lines  are  first  to  strike  the  eye  ; in  fact, 
they  are  the  pattern.  But  if  the  design  is  in 
fairly  strong  colours,  or  in  white  and  colour, 
then  it  is  the  surfaces  of  glass  which  calls 
your  attention,  and  the  framing  lines  of  lead 
are  more  or  less  lost  in  the  colour,  as  may  be 
seen  (as  far  as  it  can  be  shown  in  black  and 
white)  in  the  little  strips  of  pattern  on  either 
side  of  the  screen. 

Experience  proves  that  in  the  case  of,  for 
example,  a white  pattern  on  a deep  coloured 
ground,  the  leads  outlining  it  are  merged  in 
the  ground,  and  any  lead  joints  crossing  the 
ground — not  part  of  the  design,  that  is,  but 
introduced  for  the  sake  of  strength  or  for  other 
constructive  reasons — pass  without  notice. 
They  do  no  harm,  that  is  to  say.  On  the 
contrary,  they  may  be  turned  to  very  good 
account,  and  the  artist  takes  advantage  of 
them  to  get  variety  of  colour,  which  is  always 
so  much  to  the  good. 

To  the  good  also  is  the  emphatic  outline 
which  the  lead  naturally  gives,  for  the  light,  as 
it  shines  through  the  glass,  diffuses  itself, 
spreads  and  softens  everything,  so  that  the 
harsh  line  is  not  harsh  in  effect. 

A mere  mosaic  of  coloured  glass  does 
not  go  very  far,  you  may  say  ! I have  a very 
strong  feeling  that  it  might  be  made  to  go 
much  farther  than  it  has  ever  been  carried, 
that  for  clerestory  and  other  distant  windows  it 
offers  splendid  opportunity  for  big,  manly, 
decorative  work,  in  which  the  material  (glass) 
and  its  jewel-like  brilliancy  would  be  seen  at 
their  very  best. 

But  this  kind  of  mosaic  (pure  mosaic  I am 
speaking  of)  has  never  been  worked  for  “ what 
it  is  worth,”  because  what  the  patrons  of 
glass,  mediaeval  and  modern,  have  always 
desired  was  not  so  much  decoration  as  picture, 
and  in  particular  they  wanted  the  window  to 
preach.  And  so  ornament  (which  Western 
people  don’t  in  their  hearts  care  about)  gave 
way  to  saints,  and  scenes  from  their  lives,  and 


so  on.  In  that  direction  mosaic,  except  upon 
a very  big  scale,  cannot  go  far.  For  instance, 
you  can  cut  a piece  of  glass  to  the  shape  of  a 
face  in  profile,  but  for  the  eye,  the  ear,  the 
drawing  of  the  mouth,  the  glazier  cannot  give 
you  that. 

Here  comes  in  the  painter  ! 

Just  as  the  glazier,  wherever  he  introduces 
a leaden  outline,  stops  out  the  light  defining 
the  shape  enclosed  by  it,  so  the  painter  may, 
with  solid  pigment,  stop  out  finer  lines  and 
give  detail  which  the  glazier  could  not.  That 
is  to  say,  the  painter  can  go  round  the 
necessarily  rather  blunt  outline  of  the  glazier 
and  accentuate  it.  He  can  with  his  sable 
pencil  make  little  incursions  into  the  area  of 
the  glass  where  the  thick  lead  would  not  have 
room  to  turn.  A leaf,  say,  is  represented  by  a 
piece  of  glass  cut  heart-shape ; the  glazier 
emphasises  that  with  his  lead ; but  the  painter 
can  give  you  the  serrations  round  its  edge, 
and  he  can  pencil  in  the  veining.  This  line- 
work  is  technically  known  as  “ pencilling  ” or 
“tracing.”  So  far,  observe,  the  painter  only 
does,  in  a freer  and  more  delicate  way,  what 
the  glazier  does  in  his  rough  and  ready 
fashion ; that  is  to  say,  he  only  stops  out  the 
light.  He  employs  paint  not  as  colour  (that 
is  in  the  glass)  but  as  obscuration.  Glass 
painters’  paint,  you  must  know,  is  an  opaque 
brown  vitreous  compound  fixed  to  the  glass  by 
fusion  in  the  kiln — permanently  if  the  colour 
is  hard  enough  and  the  fire  sufficient. 

On  light  coloured  glass — white,  or  what  goes 
for  it — the  traced  line  is  advantageously  em- 
ployed not  only  for  outlining  the  pattern,  but 
as  a means  of  getting  a tint  to  throw  it  up.  In 
windows  like  that  you  do  not  notice  the  cross- 
hatching  of  thin  lines ; you  get  at  a distance 
the  effect  of  a tint. 

That  would  be  so  on  paper,  but  it  is  much 
more  so  in  glass,  owing  to  the  spreading  of 
the  light ; and  the  wash  of  colour,  which 
might  be  more  transparent  upon  paper,  would 
on  the  glass  produce  only  a muddy  effect. 

The  process  of  scraping  lights  out  of  the 
solid  paint  is  an  obvious  device,  which  was 
employed  from  the  beginning.  If  you  want 
rather  fine  lines  of  light  or  dark,  it  is  plainly 
much  easier  to  pick  them  out  with  one  stroke 
of  the  stick  than  to  paint  round  both  sides  of 
them.  Picking  out  came  in  very  handily  for 
pattern  work  ; even  crude-tinted  glass  will  pass 
muster  when  it  has  been  coated  with  paint  and 
a diaper  scratched  out  of  it.  What  was  crude 
in  the  mass  is  only  bright  in  the  form  of 
filagree. 
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Painting. 

The  glass  painter’s  pigment,  I said,  shuts 
out  the  light.  If,  however,  his  brush  is  not 
fully  charged,  or  if  there  is  proportionately  not 
enough  colouring  matter  in  the  pigment,  the 
light  is  not  shut  out  entirely.  A thin  film  of 
the  paint,  that  is  to  say,  only  partially  obscures 
the  glass.  And  so  begins  what  may  properly 
be  called  “ painting,”  in  which  the  colour  of 
the  glass  is  modified  by  paint.  We  are  on  the 
way  now  to  shading  and  modelling. 

Glass,  however,  is  rather  a slippery  surface 
to  paint  on.  It  is  non-absorbent  : there  is  no 
hold  for  the  paint  : painting  upon  it  is  as 
different  from  painting  on  paper  or  canvas,  as 
walking  on  ice  is  ditferent  from  walking  on  dry 
land.  And  the  glass  is  as  treacherous  as  ice. 
Attempt  to  retouch  what  you  have  done,  and  it 
gives  way  beneath  you.  If  you  look  at  any  very 
early  mediaeval  shading  you  will  find  it  takes 
the  form  of  a smear  (about  as  flat  as  they 
could  get  it)  answering  its  rude  purpose,  but 
that  is  all  that  can  be  said  for  it.  A step  in 
advance  is  to  paint  the  shadows  as  best  you 
can,  and  then  dab  or  stipple  the  paint  until  you 
have  got  something  like  texture  to  it.  Obviously 
you  can  dab  it  unequally,  removing  more  paint 
in  some  parts  than  others,  and  so  get  gradation 
of  tint.  And  this  stippled  surface  has  an 
advantage  in  that  it  lets  light  through,  and, 
where  the  paint  is  thinnest,  you  get  specks  of 
nearly  pure  light  in  the  shadows,  aud  so  do 
not  lose  all  translucency  in  them. 

A further  step  in  painting  is,  having  traced 
your  outlines  and  fixed  them  in  the  fire,  to  coat 
the  entire  surface  of  the  glass  with  a film  of 
paint,  and  dab  it  with  a stippling  brush  till  it 
presents  an  equal  granular  surface  all  over. 
When  this  “ matt,”  as  it  is  called,  is  dry  (but 
before  it  is  fired)  you  rub  off  with  your  finger 
tip  the  pigment  from  the  parts  that  are  to  be 
light,  and  then,  with  a dry  hog-hair  brush, 
dust  away  part  of  the  remaining  paint,  until  by 
degrees  you  get  the  intermediate  tints  you 
want  between  the  clear  glass  and  the  solid 
matt.  By  this  means  you  can  get  great  deli- 
cacy of  modelling,  though  you  may  have  to 
repeat  the  process  of  painting  (if  so  it  should 
be  called)  and  repeat  it  more  than  once  to  get 
what  you  require,  more  especially  as  a fierce 
fire  may  wipe  out  all  you  have  done.  You  get 
sharpness  of  detail  by  brush  touches  of  stronger 
colour,  and  by  scraping  out  lights  with  the 
stick  end  of  the  brush  or  other  pointed  imple- 
ment ; carrying  further  the  practice  already 
explained  apropos  of  diapers.  Obviously  you 


may  just  as  well  scrape  lights  out  of  tint  as  out 
of  solid  black. 

In  what  is  called  painting,  the  point  becomes 
eventually  perhaps  the  most  important  imple- 
ment of  the  glass  painter.  He  gets  by  that 
his  most  minute  detail,  his  subtlest  modelling, 
and  texture  (as,  for  example,  in  hair,  fur, 
feathers)  to  be  got  no  other  way.  It  turns 
out,  then,  that  “glass  painting”  in  its  most 
accomplished  form  is  not  the  putting  on  of 
paint,  but  the  removing  it.  It  is  more  nearly 
allied  to  mezzotint  and  etching  than  to  painting. 
Just  as  the  mezzotinter  first  rocks  his  copper 
and  then  scrapes  down  his  lighter  tints,  so  the 
glass  painter  lays  his  matt  upon  the  glass  and 
dusts  it  off  to  get  translucency.  Just  as  the 
etcher  coats  his  plate  with  varnish,  and  with  a 
needle  cuts  through  it  to  the  copper,  so  the 
glass  painter  lays  a coat  of  pigment  on  the 
glass  and  etches  through  it  to  the  light. 

Of  course,  all  or  any  of  the  processes  described 
may  be  used  in  a single  glass  painting.  For 
strong,  bold  work  the  elementary  processes 
still  suffice  : for  modelling  the  brushing-out 
process  is  most  useful  : for  delicate  finish  the 
point  has  to  be  used.  Delicate  work,  owing  to 
the  difficulty  of  painting  over  paint  not  fixed  in 
the  kiln,  has  often  to  pass  several  times  through 
the  ordeal  of  the  fire  (and  it  is  an  ordeal),  but 
accomplished  glass  painters  can  do  wonderful 
things  in  the  way  of  floating  colour  over  unburnt 
colour,  using,  it  may  be,  more  than  one  medium  ; 
but  to  do  that  you  must  know  just  how  your 
medium  will  behave  throughout,  and  you  must 
be  extremely  dexterous.  I need  not  go  into 
that,  because  the  expert  will  know  more  about 
it  than  I do,  and  there  is  no  use  in  the  in- 
experienced trying  their  hands  at  the  masterly. 
Glass  is  sometimes  painted  on  both  sides.  I 
should  say  that  the  medium  commonly  used  is 
either  water,  with  gum  or  sugar  enough  to  hold 
the  colour,  or  oil  of  turpentine — fat  oil,  as  it  is 
called. 

Glass. 

With  regard  now  to  the  glass  itself.  Folk 
still  go  on  mumbling  the  old  legend  about 
“lost  secrets”  in  the  art  of  glass  making. 
That  is  all  nonsense.  True,  the  making  of 
glass  such  as  that  to  which  we  owe  the  glor\' 
of  old  windows  had  fallen  into  abeyance.  The 
right  kind  of  glass  was  no  longer  being  made, 
and  when  Winston  (with  the  aid  of  Messrs. 
Powell  and  Sons)  wanted  to  revive  it  the  tradi- 
tions had  died  out,  and  they  had  to  solve  the 
problem  for  themselves.  But  modern  science 
I was  equal  to  the  occasion.  There  is  now  no 
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mystery  whatever  about  the  composition  of 
old  glass  ; and  we  can  make  to-day  glass 
quite  equal  to  any  that  was  ever  made,  and  do 
besides  what  the  mediaeval  men  could  not  do. 
The  artistic  merit  of  old  glass  was  in  its 
chemically  imperfect  composition.  It  was  not 
only  irregular  in  thickness  and  in  colour,  but 
striated  and  flecked  with  air-bubbles ; the 
light  coming  through  it  was  consequently 
broken  up  and  deflected,  as  if  by  an  inflnite 
number  of  tiny  prisms,  and  so  we  get  the 
lustrous  richness  of  tone  which  distinguishes 
the  gorgeous  colour  of  fine  glass  from  the 
crudity  of  mechanically  and  chemically  perfect 
material.  This  fact  once  appreciated,  there 
was  no  great  difficulty  (to  the  expert)  in 
making  the  chemically  and  mechanically 
imperfect  glass  which  goes  to  make  perfect 
windows.  What  the  old  makers  got  by 
-accident  the  modern  get  of  set  purpose — that 
is  all. 

There  is,  however,  one  advantage  which  the 
old  material  has  over  the  new.  We  are 
accustomed  to  think  of  glass  as  practically 
imperishable.  It  all  depends  upon  the  glass. 
If  there  is  an  excess  of  alkali  in  it,  glass  is 
literally  soluble ; it  takes  a long  time  to 
dissolve,  of  course,  but  eventually  it  will 
dissolve  in  water.  The  old  glass  was  any- 
thing but  homogeneous  in  its  composition ; 
certain  particles  were  more  alkaline  than  the 
rest,  and  these  more  soluble  particles  have 
really  been  washed  out  of  it  by  the  mists  and 
rains  of  ages,  leaving  it,  on  the  weather  side, 
all  rough  and  fritted,  like  an  oyster  shell. 
Hence,  more  prisms,  more  refraction,  mellower 
and  more  beautiful  colour.  The  moral  is  : let 
us  not  make  our  material  so  scientifically 
perfect  as  to  resist  the  kindly  ripening  of 
age. 

I told  you  glass  painting  had  to  be  burnt  in. 
In  firing  the  glass  you  may  change  its  colour. 
This  is  an  accident  which  happens  especially 
to  ruby.  In  the  specimens  I showed  you  (part 
white  and  part  ruby)  there  is  probably  in  the 
glass  more  copper  than  has  actually  been 
converted  into  colour  in  the  pot.  In  the  kiln 
this  would  most  likely  be  brought  out,  and  the 
white  parts  would  come  out  ruby,  and  the  ruby 
parts  become  so  dense  as  practically  to  shut 
out  the  light.  Some  colours,  therefore,  you 
dare  not  paint  upon  for  fear  of  the  fire.  This 
difficulty  is  got  over  by  painting  on  a piece  of 
white,  and  glazing  this  and  the  coloured  glass 
together  (two  thicknesses  of  glass  instead  of 
one).  The  effect  is  the  same  as  if  the  paint 
were  on  the  coloured  glass.  Perhaps  this 


process  of  “plating,”  as  it  is  called,  is  some-' 
times  necessary  in  the  pictorial  interest,  butj 
glass  which  will  not  stand  the  fire  is  bestj 
reserved  for  portions  of  the  design  (back- ; 
ground,  &c.)  which  do  not  need  to  be  painted. 
“Plating”  is  used  also  to  get  certain  tints 
not  forthcoming  in  any  single  sheet  of  glass. 
That  is  easy  to  do,  but  it  is  not  quite  the  game. 
The  space  between  the  two  pieces  of  glass  is 
not  hermetically  sealed  ; fine  dust  penetrates, 
and  in  time  dulls  the  colour:  the  surer,  but 
more  troublesome,  way  would  be  to  fuse  the 
two  together  in  the  fire. 

The  annealing  of  small  pieces  of  coloured 
glass  on  to  white  is  also  possible,  and  was 
practiced  in  the  i6th  century.  The  jewels  in  the 
crown  of  the  saint  on  the  screen  are  represented 
in  that  way.  The  crown  is  stained,  the  pearls 
white,  the  jewels  (ruby,  sapphire,  amethyst, 
glass)  onlaid  and  annealed.  But,  owing  to  the 
different  consistency  of  the  glass  and  conse- 
quent unequal  contraction  and  expansion  with 
every  change  of  temperature,  these  onlaid 
jewels  are  not  very  safe,  and  you  generally  find 
one  or  two  of  them  missing. 

Flashed  Glass  and  Stain. 

When  I said  that  in  stained  glass  the  colour 
was  in  the  glass,  I said  there  were  exceptions. 
The  first  of  these  is  what  is  called  flashed  glass. 
In  “ruby”  glass,  for  example,  the  colouring 
matter  (copper)  is  so  powerful  that  a sheet  of 
red  glass  thick  enough  for  strength  would  be 
practically  non-transparent.  This  difficulty  is 
got  over  by  making  the  glass  consist  of  two 
layers — not  a layer  of  colour  upon  glass,  but  a 
layer  of  coloured  pot-metal  upon  a layer  of 
white  glass.  Ruby  then  is  always  flashed,  a 
certain  kind  of  greyish  blue  is  flashed,  and  any 
colour  may  be ; you  may  have  a layer  of  one 
colour  over  a layer  of  another  colour  (not  white) 
— perhaps  there  are  tints  yet  to  be  got  that 
way  which  might  be  serviceable — but  it  is 
chiefly  in  the  case  of  strongish  colour  upon 
white  or  whitish  glass  that  flashing  is 
practically  worth  while,  for  flashed  glass 
admits  of  a treatment  peculiar  to  it.  You  can, 
by  means  of  acid,  etch  away  the  coloured 
layer  of  glass,  exposing  the  white  beneath. 
(Formerly  the  red  layer  had  to  be  laboriously 
abraded,  ground  away,  but  acid  simplifies  the 
work  and  makes  it  easy.)  By  this  means  you 
can  get,  let  us  say,  a white  pattern  on  a 
red  drapery.  Quite  elaborate  designs  were 
ground  out  in  the  15th  and  i6th  centuries,  and 
there  are  practically  no  limits  to  what  we  can 
do  by  acid. 
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Staix. 

There  should  be  mentioned  a second  ex- 
ception to  the  rule  of  glass  being  coloured 
throughout,  and  even  of  being  coloured  in  the 
pot.  There  is  one  colour  with  which  glass  may 
be  stained  (not  painted)  after  it  is  made.  If 
you  paint  a piece  of  white  glass  with  a com- 
position containing  a certain  amount  of  oxide 
of  silver,  the  silver  will,  under  the  action  of  the 
fire,  stain  the  white  glass  yellow — deeper  or 
lighter  according  to  the  strength  of  the  solution 
and  the  heat  of  the  fire.  The  yellow  varies 
from  palest  lemon  to  deepest  orange,  but 
always  pure  and  transparent,  unless  it  has 
been  overburnt,  in  which  case  an  opaque 
brownish  deposit  is  formed  upon  the  glass. 
(Glass  painters  say  this  is  “ sulphured;”  really 
I believe  the  silver  oxide  becomes  metallic 
silver.)  This  yellow  stain  penetrates  the  glass, 
and  is  as  permanent  as  the  surface  of  the 
material  itself.  You  can  get,  by  using  it  upon 
white  glass,  most  beautiful  eifects  of  silvery 
and  golden  light.  You  can  stain  on  yellow 
pot-metal  or  upon  stain  ; you  can  even  paint 
with  stain,  gradating  so  as  to  get,  for  example, 
very  much  the  effect  of  embossed  gold  ; you 
can  stain  on  blue,  and  get  green ; on  purple, 
and  get  olive,  and  so  on. 

In  the  portion  of  a rosette  on  the  screen  (re- 
flected from  actual  glass)  you  will  see  the  four 
rows  of  petals  are  of  four  distinct  shades  of 
yellow  (defined  by  the  “ traced”  outline),  the 
white  glass  showing  itself  in  the  eye  of  flower. 
In  the  diaper  (also  from  the  glass)  the  yellow 
ground  is  gradated  (those  cross  lines  have  no 
business  to  be  there)  and  perhaps  the  most 
beautiful  effects  of  stain  are  where  it  is  floated 
on  irregularly  ; the  result  is  sometimes  delici- 
ously juicy. 

A more  pictorial  use  of  stain  is  shown  on  the 
screen  in  the  two  kings,  from  the  “Adoration 
of  the  Magi.”  That  is  a piece  of  actual  glass — 
old  Swiss — and  you  see  in  it  a deeper  speci- 
men of  stain  than  yet  shown. 

In  the  figure  from  the  Last  Supper  on  the 
screen,  the  lower  drapery  is  very  elaborately 
enriched  with  pattern  in  yellow  ; and  the  vase 
to  the  right  (which  is  of  warm  grey  blue)  is 
patterned  with  greenish  yellow.  (That  is  at 
South  Kensington,  and,  by  the  way,  I have  to 
thank  the  Department  for  the  loan  of  some  of 
the  most  interesting  slides  I have  to  show  you 
to-night.) 

Abrading  and  Stain. 

The  limit  of  what  can  be  done  in  the  way  of 
variety  of  colour  without  use  of  glazing  is 


arrived  at  by  a combination  of  the  two  pro- 
cesses of  eating  away  colour  and  staining. 
You  can  get  by  so  doing  on  a single  piece 
of  glass  white  and  three  colours  — viz.,  (i)  the 
colour  with  which  the  white  is  flashed,  (2) 
yellow  stain,  and  (3)  the  colour  resulting  from 
the  combination  of  these  two. 

I have  had  a slide  made  to  illustrate  this. 
That  is  a piece  of  grey-blue  glass  ; the  white 
is  acided  out,  the  yellow  is  stained  upon  white 
(produced  by  aciding),  the  green  is  the  silver- 
stain  upon  the  blue.  You  have  there,  in  a 
single  piece  of  glass,  green  herbage,  yellow 
flowers,  white  flowers  with  yellow  eye,  and  blue 
flowers  ; these  last  are  all  that  is  left  of  the 
original  tint  of  the  glass.  The  outlines  are 
traced  in  brown  ; the  deeper  green  has  a film 
of  the  brown  over  it ; a certain  russet  shade  in 
the  leaves  is  the  result  of  the  over-firing 
spoken  of. 

A little  piece  of  early  i6th  century  Nurem- 
berg work  at  South  Kensington,  of  which 
you  have  a photograph  on  the  screen,  illu- 
strates the  more  pictorial  use  both  of 
abrading  (aciding  we  should  use  now)  and 
staining.  The  flagbearer  and  his  flag  are  in 
red  and  white — the  white  all  got  by  grinding 
away  the  ruby— his  glove  and  swordhilt,  &:c,, 
are  stained  yellow.  All  about  him  is  pale 
grey-blue  glass,  but  it  only  tells  as  such  in  the 
sky  and  in  the  stream  below  ; the  landscape 
is  stained  to  a rich  autumn  green  ; the  distant 
castle  and  the  watermill  by  the  side  of  the 
stream  are  white  ; the  blue,  of  course,  abraded. 
For  small  work  (such  as  this)  flashed  glass 
and  stain  open  out  great  possibilities.  In 
larger  work  flashed  glass  may  be  used  with 
advantage  in  diapering,  and  so  on.  But  the 
abuse  of  it  leads  to  a petty  kind  of  treatment 
not  conducive  to  dignified  decoration. 

Glazing. 

With  regard  to  glazing.  That  has  to  be 
taken  into  serious  account  in  the  design  of  a 
window. 

There  are  difficulties,  in  the  first  place,  in 
cutting  glass  of  the  thickness  and  inequality 
which  gives  the  best  colour,  and  possible  as  it 
is  to  cut  certain  shapes,  it  is  not  worth  while, 
for  they  are  sure  to  get  cracked.  The  face  of 
a window  does  not  long  retain  its  flat  and  even 
surface.  It  bulges  under  pressure  of  the  wind, 
bellies  like  a sail,  and  as  it  yields  to  that 
pressure,  snap  go  the  pieces  of  glass  which 
were  so  difficult  to  cut.  A man  who  knows 
his  trade  not  only  shapes  each  piece  of  glass 
in  his  design  with  a view  to  convenient  cutting. 
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but  anticipates  the  fractures  which  would 
come  when  the  window  gave  to  the  wind. 
(You  can  tell  from  the  way  even  the  back- 
ground to  the  design  is  broken  up  with  leads, 
whether  the  artist  knew  what  he  was  about.) 

With  regard  to  cutting.  The  glazier,  with 
his  diamond,  does  not,  you  know,  cut  through 
the  glass,  but  only  into  its  surface  ; it  has  then 
to  be  broken,  tapped  until  it  falls  apart,  follow- 
ing, it  is  hoped,  the  lines  engraved  by  the 
diamond  ; but  your  hopes  will  not  be  fulfilled 
unless  you  take  into  account  the  natural  lines 
of  fracture. 

Another  consideration  with  regard  to  glazing 
is  the  strength  of  the  window.  You  have,  as  I 
said,  to  allow  for  wind  pressure,  and  then, 
when  the  glass  would  crack,  to  guard  against 
it  by  a joint  of  lead.  A window  must  yield,  it 
should  yield  equally,  and  it  is  actually  stronger 
when  made  out  of  pieces  more  or  less  of  equal 
size,  and  none  of  them  in  any  case  very  large. 

There  are  many  things  it  is  possible  to  do  in 
the  way  of  cutting  and  glazing  which  it  is  not 
ordinarily  worth  while  to  do. 

For  instance,  you  see  the  stigmata  in  the  hands 
of  Saint  Francis  on  the  screen  ; they  are  ruby 
spots,  the  hands  are  white,  and  the  white  is  not 
flashed-ruby  ground  down  to  the  white,  but  a 
hole  has  been  drilled  in  the  white  glass  and  a 
dot  of  ruby  inlaid  and  held  in  place  by  a ring 
of  lead.  A glazier  would  naturally  have 
attached  this  ring  by  cross-leads  to  the  lead 
which  marks  the  outline  of  the  hand. 

Bars. 

The  bulging  of  the  window  under  stress  of 
wind  adds,  up  to  a certain  point,  to  its 
effectiveness.  The  various  pieces  of  glass 
being  thus  crushed  out  of  the  vertical,  scarcely 
two  of  them  are  at  precisely  the  same  angle  to 
the  eye  and  to  the  light ; and  so  we  get 
broken  light,  variety,  charm.  But,  a little  too 
much  pressure  and  the  window  is  blown  in  ! 

To  keep  it  safely  in  its  place  bars  are  neces- 
sary. These  iron  bars  pierce  the  stonework, 
and  copper  wires,  soldered  to  the  leadwork, 
are  tied  round  them.  Bars  are  usually  fixed 
horizontally  across  the  window,  and  if  it  is 
fairly  broad  they  must  not  be  too  far  apart — 
9 inches  or  a foot  is  quite  far  enough — unless 
there  are  upright  bars  also.  (You  may  employ 
extra  stout  bars  at  longer  intervals  with  more 
slender  ones  between.)  In  any  case  they,  too, 
have  to  be  considered  in  the  design  of  the 
window,  or  they  will  considerably  mar  its 
beauty. 

A plan  not  often  used  nowadays  is  to  shape 


the  bars  according  to  the  pattern.  The  schemes 
of  bar  arrangements  on  the  screen  are  from  win- 
dows of  the  13th  century,  when  the  practice  was 
common.  There  the  bars  form,  you  may  say, 
the  skeleton  of  the  design.  The  plan  is  suited 
to  designs  in  which  small  subjects,  or  what 
not,  are  set  in  medallions  or  other  ornamental 
framework. 

A detail  from  Canterbury,  to  the  left  of  the 
screen,  shows  the  relation  of  the  bars  to  the 
rest  of  the  design,  how  the  skeleton  is  clothed 
with  glass.  You  have — • 

1.  Quatrefoil  bars, 

2.  Extra  bar. 

3.  Horizontal  bars  at  regular  intervals. 

A complete  window  from  Poitiers  shows  how 
the  bars  may,  in  a less  systematic  way,  follow 
and  emphasise  the  design. 

1.  Quatrefoil  not  outlined,  but  the  square 
within  it  gives  lines  of  bars. 

2.  Cross-outlined. 

3.  Bars  accommodate  themselves. 

Whether  you  shape  your  bars,  or  whether 

you  carry  them  straight  across  the  window, 
the  point  is  that  they  have  to  be  considered 
from  the  first — not  put  in  afterwards  ; and  I 
must  confess  that  when  an  artist  does  not  put 
them  into  his  cartoon  I am  inclined  to  suspect, 
either  that  he  does  not  know,  or  does  not  care, 
much  about  glass.  Men,  to  whom  the  window  is 
the  thing,  and  not  the  drawing,  often  begin  by 
placing  their  bars,  reserving  always  the  right  to 
shift  them,  if  need  be,  as  the  design  develops 
Itself. 

There  may  be  occasions  when  a bar  must  be 
bent  out  of  its  course  to  escape  a feature  it 
would  not  do  to  cross — but  this  is  a makeshift 
and  a confession  of  weakness.  One  would 
rather  see  that  a man  had  made  up  his  mind, 
to  begin  with,  whether  to  shape  his  bars  to  his 
design,  or  to  design  with  a view  to  the  use  of 
horizontal  bars.  Compromise  is  on  the  way  to 
nowhere  in  particular. 

Glazing  and  Painting. 

It  is  the  difficulty  of  compromising  be- 
tween the  conflicting  claims  of  glass  and 
painting,  which  makes  glass  painting  an  art 
in  which  it  is  so  easy  to  go  wrong.  It  is  plain 
sailing  enough  when  the  painter  accepts  the 
lines  of  the  glazier,  and  fills  in  with  paint,  as 
in  the  case  of  a quarry  window.  The  quarry 
does  not  go  far,  but  very  beautiful  work  may 
be  done,  in  which  the  main  lines  of  the  design 
are  the  lead  work,  and  the  painting  is  employed 
to  get  further  and  more  delicate  detail. 

In  the  Dutch  window  on  the  screen  the 
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square  quarries  of  the  glazier  are  accepted, 
but  the  design  is  not  confined  within  quar- 
ries. That  is  in  its  way  a beautiful  bit  of 
domestic  work  ; but,  notwithstanding  the 
skill  of  the  designer  in  adapting  his  scroll, 
<S:c.,  to  the  rectangular  panes,  one  cannot 
but  feel  that  the  painting  is  too  delicate 
for  the  glazing,  or  the  lines  of  lead  too  strong 
for  the  painting.  Still  more  obvious  is  the 
discrepancy  between  glazing  and  painting  in 
Da  Udine’s  windows  at  Florence.  It  is  well, 
1 think,  to  accept  often  the  simplest  lines  of 
glazing,  even  square  quarries,  but  they  should 
be  accepted  entirely,  and  the  design  should  be 
more  frankly  based  upon  them. 

In  the  round-headed  window  shown  the  leads 
follow  the  painter’s  design.  It  is  an  ingenious 
design,  but  the  leading  is  not  very  ingeniously 
managed.  Most  beautiful  work  has  been  done 
by  the  combination  of  stained  glass  and  glass 
painting,  but  the  trouble  is  that  there  comes  a 
pointwhere  the  painter  says:  “ I want  more  even- 
tinted  glass  for  my  painting  ; these  bubbles, 
for  example,  in  your  glass  look  like  an  eruption 
on  the  lovely  face  I want  to  paint ; these  streaks 
of  variation  in  the  ruby,  &c.,  interfere  with  the 
modelling  of  my  drapery,  and  so  on.”  And 
the  end  of  it  is  that  he  comes  to  use  flatter, 
more  even,  and  less  lustrous  material,  relying 
upon  paint  to  give  it  quality.  And  so  glass 
comes  to  grief.  His  paint  does  not,  in  the  first 
place,  give  the  quality  of  gorgeous  colour  which 
varied  pot-metal  affords  ; and,  in  the  second, 
it  does  not  give  quite  the  quality  of  painting — 
that  transparency  which  belongs  to  actual 
shadow  (as  though  you  could  see  into  it)  is  not 
to  be  got  in  glass,  for  there  the  deeper  the 
shadow  the  more  opaque  it  must  always  be. 

The  unpardonable  sin  in  glass  is  deep, 
heavily-painted,  shadow.  There  is  no  reason 
why  the  masses  of  dark  necessary  to  the  most 
powerful  effect  should  not  be  glazed  up  in 
coloured  glass ; then  they  are  luminous,  and 
you  get  all  the  quality  of  glass.  In  heavily- 
painted  glass  you  don’t  get  the  quality  of 
actual  shadow  which  oil  or  water-colour  gives 
you  ; it  is  black,  or  at  best  muddy. 

Ultra  delicacy  of  painting  is  another  snare. 
The  more  delicate  your  painting,  the  more 
sorely  you  are  tempted  to  avoid  the  use  of 
leads,  which  may  mar  it.  But,  shirk  the  leads 
a.s  you  may,  you  can’t  get  rid  of  them.  You 
may  make  them  creep  round  the  outline 
of  a cloud,  a tree  trunk,  or  a hill  side ; you 
may  feather  the  far  side  of  the  lead  with 
grass,  and  so  on  ; but  if  the  outlines  generally 
are  delicate,  this  one  will  appear,  whatever 


you  do  to  it,  brutal  by  comparison.  And  then 
observe  the  havoc  that  time  and  accident  have 
made  with  these  over-delicate  window  panes 
on  the  screen.  There  are  probably  more  leads 
there  which  are  the  result  of  mending  than 
those  which  were  originally  in  the  design. 

I am  not  sure  that  the  objection  of  the  man 
in  the  street,  or  in  the  church,  to  leading  is  not 
to  be  accounted  for  in  great  measure  by  his 
confounding  the  accidental  lines  of  mending 
with  those  designed  : and  I have  known 

designers  deform  their  work  by  ugly,  awkward, 
quite  unnecessary  lead  lines,  under  the  delusion 
that  they  were  thereby  giving  their  work  the 
quality  of  glass.  That  is  mere  ignorance. 
Still  leads  must,  it  seems  to  me,  give  the  key- 
note of  the  drawing,  the  pitch  to  which  delicacy 
of  painting  may  be  carried.  In  many  beauti- 
fully painted  windows  the  lead  lines,  just 
because  they  have  been  shirked,  and  only 
occur  where  they  were  inevitable,  assert  them- 
selves unduly.  The  face,  for  example,  of  the  man 
in  the  dark  cloak  on  the  screen  is  lost  for  want 
of  the  emphatic  outline  of  lead  round  the  rest  of 
the  figure.  The  fact  is,  lead  necessitates  at 
least  some  correspondingly  strong  lines  in  the 
painting  ; here  the  little  patches  of  black  come 
in  usefully  in  support  of  the  leads,  and  there  is 
no  objection  to  this  nse  of  solid  black  as  local 
colour  in  very  little  bits  as  here  ; these  are 
quite  small  subjects.  On  a large  scale  it  would 
be  better  to  glaze  up  these  points  of  dark  in 
pot-metal.  I should  say  that  this  glass  is  of 
the  1 6th  century,  long  before  Vierge  invented 
the  cunning  patch  of  black. 

Some  of  the  happiest  effects  of  delicate 
painting  upon  glass  are  where  a distant  land- 
scape, or  what  not,  is  painted  upon  a pale  blue 
ground  which  stands  for  sky.  The  effect  of  this 
is  sometimes  curiously  atmospheric  ; but  the 
success  comes  of  accepting  a convention.  The 
distant  view  is  confessedly  painted  upon  the 
background  tint,  and  though  the  hills  and  trees 
are  stained  green,  and  white  clouds  abraded, 
there  has  been  no  attempt  at  naturalistic 
effect,  and  no  consequent  loss  of  the  quality 
and  character  of  glass. 

Delicacy  of  painting  tempts  to  the  use  of 
soft  flux  (borax,  &c.)  readily  fired  and  dis- 
solved by  action  of  the  weather.  It  is  a fact, 
not  a palatable  one  to  the  artist,  that  soft 
pigment  means  perishable  pigment.  The 
safest,  if  not  the  only,  way  really  to  fix  paint  is 
to  burn  it  thoroughly  in,  to  use  hard  colour, 
painting  heavier  than  you  want,  and  firing  it 
again,  and  so  on. 

It  is  a great  question  whether  delicacy  of 
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painting  is  a thing  worth  the  sacrifices  made  to 
get  it  in  glass.  I don’t  think  it  is.  If  you  can 
get  it  in  addition  to  all  else,  good  ; but  it  is 
not  worth  giving  up  for  it  qualities  which  belong 
to  glass.  What  about  the  pictorial,  then  ? How 
far  is  picture  permissible  ? It  all  depends  upon 
what  you  mean  by  picture.  The  pictorial  idea 
of  the  early  Italian  masters  may  perhaps  be 
attained  in  glass.  The  ideal  of  the  great 
Dutchman  or  of  the  great  Spaniard  is  incom- 
patible with  glass  painting.  And  so  of  course 
is  the  ideal  of  the  “ plein  air”  school  and  the 
modern  pictorial  ideas  generally.  The  modern 
painter  wants  to  get  much  more  than  glass 
will  give. 

Enamel. 

The  paint  so  far  spoken  of  has  been  the 
brown  pigment  used  for  black  or  shadow,  not 
for  colour  at  all.  It  is,  if  you  like,  an  enamel ; 
but  it  saves  confusion  to  reserve  the  term 
“enamel”  for  colour  used  for  colour’s  sake 
upon  the  glass.  Roughly  speaking,  this  may 
be  described  as  finely-ground  coloured  glass 
mixed  with  something  to  make  it  melt  easily 
in  the  fire,  and  so  become  fused  more  or  less 
perfectly  (or  imperfectly)  on  to  the  glass.  Some 
of  these  enamel  colours  will  stand  more  fire 
than  others,  but  few  of  them  will  stand  fire 
enough  to  make  them  really  one  with  the 
glass.  Excepting  only  small  Swiss  panes  (all 
honour  to  the  Swiss  craftsmen),  enamelled 
windows  have  invariably  suffered  severely  in 
the  course  of  two  or  three  centuries  ; so  much 
so  that  you  can  always  detect  enamel  by 
the  specks  (if  not  whole  patches)  of  white 
light  coming  through  where  it  has  caked 
off.  For  other  than  miniature  work  (in 
the  shields  on  the  screen,  for  example, 
which  are  not  much  bigger  than  postage 
stamps),  enamel  seems  to  me  scarcely  worth 
serious  consideration.  For  church  and  other 
big  windows,  so  far  is  it  from  necessary, 
that  it  is  better  to  limit  yourself  to  mosaic, 
which  compels  you  to  a breadth  which  makes 
for  decoration. 

China  Red  Flesh. 

The  temptation  to  use  enamel-red  in  flesh 
painting  has  not  been  sufficiently  resisted. 
Flesh  colour  is  just  the  one  pot-metal  colour 
which  has  not  been  satisfactorily  got.  The 
brownish  pink  used  is  not  pleasant,  and  I 
think  it  is  apt  to  go  purpler  in  the  fire.  The 
best  results  have  been  obtained,  to  my 
thinking,  by  frankly  accepting  the  conven- 
tion of  whitish  flesh.  If  there  is  plenty 


of  white  glass  in  the  window  it  helps  to 
carry  the  white  through  ; and  there  is  some- 
thing monumental  about  this  flesh  so  removed 
from  nature.  However,  from  the  i6th  century 
downwards  a warm  colour  has  been  used  in 
flesh  painting — beautiful  work  has  been  done 
• — but  the  effect  is  not  so  fine,  I think,  as 
where  merely  brown  is  used.  After  all,  you 
can’t  get  anything  like  flesh,  with  its  grey 
tones  ; you  only  get  a hot  monochrome  instead 
of  a cool  one.  Better  accept  the  more  manly 
and  more  monumental  convention. 

Conclusion. 

The  root,  if  not  of  all  design,  of  all  design 
that  can  be  called  decorative  (and  stained 
glass  is  nothing  if  not  that) ; the  root  of  all 
decorative  design  is  the  material  in  which  it  is 
done,  out  of  which,  I may  say,  it  is  to  grow. 
An  artist  can  only  get  out  of  his  material 
what  is  in  it,  and  he  can  only  bring  out  what 
is  in  it  by,  so  to  speak,  humouring  it.  He 
shows  himself  most  an  artist  when  he  most 
honours  it,  using  it,  that  is  to  say,  and  not 
abusing.  I don’t  mean  to  say  that  the  master 
craftsman  is  the  slave  of  his  material  (it 
tyrannises,  of  course,  over  the  ignorant) ; he 
has  studied  it  until  he  knows  it,  and  he  can 
bend  it  his  way.  He  guides  it,  as  a woman 
does  her  husband,  without  his  knowing  it ; 
but,  like  her,  he  knows  how  far  it  is  safe  to  go, 
and  stops  discreetly  short  of  the  point  at  which 
the  stubbornness  innate  in  materials  (no  less 
than  in  man)  asserts  itself  at  last.  And  how 
stubborn  things  are  when  you  cross  their 
grain ! The  wise  workman  works  with  the 
grain,  flatters  the  material  perhaps,  coaxes  it 
certainly  into  the  way  he  wants  it  to  go  ; it  is 
to  be  led  (if  you  know  how)  but  not  compelled, 
and,  to  lead,  you  must  know.  I don’t  imagine 
I have  taught  you  much  to-night,  but  if  I have 
made  you  realise  there  is  something  to  learn, 
that  was  worth  doing.  Moreover,  I hope  I may 
have  said  something  to  provoke  discussion. 


DISCUSSION. 

The  Chairman  said  they  had  had  (as  might  be 
expected  from  the  author  of  a learned  and  practica 
work  on  the  subject  of  stained  glass)  an  extremely 
able,  interesting,  and  practical  paper.  Not  the  least 
interesting  part  of  it  had  been  the  admirable  series  of 
illustrations.  He  did  not  remember  to  have  seen 
before  so  striking  a series  of  illustrations  of  the 
actual  glass  which  had  been  given.  The  reader 
of  the  paper  had  illustrated  the  capabilities  of 
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glass  in  a degree  Avhich  he  should  have  hardly 
thought  possible  to  have  demonstrated  with  a 
lantern.  They  had  had  a series  of  pictures  also, 
taking  one  over  the  whole  field  of  design  generally. 
With  regard  to  the  tendency  toward  pictorial  treat- 
ment, Mr.  Day  had  incidentally  condemned  it,  and 
they  found,  by  the  specimens  shown,  how  an 
apparent  advantage  was  gained  at  the  expense  of 
the  more  important  artistic  quality  of  realising  the 
conditions  of  the  material.  Few  things  were  more 
thoroughly  delightful  to  his  mind  than  the  simple 
Oriental  mosaics  of  glass  set  in  a screen  of  stone 
or  plaster.  Beautiful  and  elaborate  as  some  of  the 
15th  and  early  i6th  century  examples  were,  one 
felt  there  was  a little  endeavour  to  escape  from 
the  actual  conditions  of  a craft  which  all  should 
bear  in  mind,  and  that,  clever  as  certain  attempts 
at  realism  might  be  in  themselves,  they  were 
obtained  at  too  great  a cost.  His  mind  certainly 
reverted  with  pleasure  to  the  somewhat  rude 
methods  of  the  13th  century  glass  painters,  where 
great  stress  was  laid  upon  the  lead  design  and  the 
tracing.  Directly  one  attempted  to  escape  from 
the  necessity  of  making  a design  in  lead  lines, 
one  lost  a certain  character,  and,  therefore,  beauty, 
belonging  to  the  expression  of  glass  design.  Pictorial 
treatment  must  be  governed  by  the  proviso  that 
pictures  must  be  patterns.  The  best  glass  design 
should  satisfy  the  eye  as  an  arrangement  in  plain 
glazing,  first  of  all,  independently  of  the  colour,  its 
fine  glory  and  conception. 

Mr.  Harry  J.  Powell  said  he  was  glad  of 
the  opportunity  to  thank  Mr.  Lewis  Day  for  his 
most  able  and  interesting  paper,  the  value  of  which 
would  be  appreciated  by  all  who  were  interested  in 
stained-glass  "windows.  The  need  of  such  a paper, 
and  the  ignorance  which  prevailed  as  to  the  merits 
of  stained  glass,  was  well  illustrated  in  ISIr.  Day’s 
book,  “Windows,”  a book  which  would  be  the 
classic  of  the  art  of  stained  glass  for  many  years  to 
come.  He  there  tells  us  that  visitors  to  the 
ante-chapel  of  New  College,  Oxford,  invariably  turn 
their  backs  upon  the  beautiful  old  windows,  and 
gaze  with  rapt  admiration  at  the  unsatisfactory 
effort  of  Sir  Joshua  Reynolds.  Last  summer,  he 
(Mr.  Powell)  had  to  spend  a good  deal  of  time  in 
New  College  Chapel,  and  could  fully  corroborate 
Mr.  Day’s  statement.  He  must  congratulate  Mr.  Day 
on  his  courage,  as  an  artist,  in  declaring  that  coloured 
glass  is  now  made  which  is  in  all  respects  equal  to 
the  old.  As  a glass  maker,  he  could  not  concur 
without  some  resenation.  Glass  is  now  made  which, 
so  far  as  the  spectroscope  can  tell  us,  is  identical 
with  the  old  glass  ; but,  somehow,  when  it  is  put 
into  a window',  and  is  put  by  the  side  of  old  glass, 
it  has  not  always  quite  the  same  effect.  This  may  be 
the  fault  of  the  material,  or  it  may  be  the  fault  of  the 
artist,  who  has  not  fully  grasped  the  technique  of 
“obscuration,”  to  which  Mr.  Day  had  referred.  The 
difference  was  often  attributed  to  “weathering,”  and 


w'eathering,  undoubtedly,  had  something  to  do  with 
it,  but  a good  deal  even  of  13th  century  glass  is  not 
perceptibly  weathered.  The  old  glass  w’as  laminated 
and  horny,  and  to  give  this  nature  to  modem  glass 
{t.e.,  to  make  unscientific  glass  scientifically)  is 
by  no  means  a simple  operation,  or  one  that 
is  invariably  successful.  His  chief  reason,  how- 
ever, for  rising  that  evening  was  to  thank  Mr. 
Day  for  his  acknowledgment  of  the  work  of  Charles 
Winston.  If  it  had  not  been  for  Winston,  the 
masterpieces  of  Burne-Jones  and  Morris  could  not 
have  been  produced,  and  English  stained  glass 
would  not  have  been,  as  it  was  proved  to  be 
at  the  Paris  Exhibition  of  1889,  far  in  advance 
of  the  stained  glass  of  any  other  nation.  Winston 
was  a barrister,  and  a devoted  admirer  of  stained 
glass.  He  discovered  that  the  beauty  of  old 
w'indows  was  due  to  the  material,  and  he  set  to 
work  to  find  how  the  modern  material  differed  from 
the  old.  He  called  to  his  aid  another  barrister,  an 
amateur  chemist,  Mr.  Harw'ood-Clarke.  By  repeated 
analyses  and  researches  into  the  works  of  Theophilus, 
they  first  satisfied  themselves  as  to  how  the  old  glass 
w'as  made,  and  then  laid  siege  to  the  Whitefriars 
Glass  Works,  and  insisted  on  modem  glass  being 
made  in  the  same  way.  They  carried  their  point  by 
“ worrv’ing,”  and  if  the  glass  now  used  for  stained- 
glass  windows  may  be  compared  to  the  old  glass,  the 
credit  should  be  given  to  Mr.  Winston.  As  Mr.  Day 
had  pointed  out,  glass  and  lead  were  the  essential 
elements  of  a stained — or,  he  would  rather  say,  a 
“ mosaic  ” — window,  and  a window,  to  be  tmly 
decorative,  must  be  drawn  in  “lead  lines”  and 
painted  in  gems  of  coloured  glass. 

Mr.  Joseph  Pennell  said  he  did  not  know 
that  the  Moorish  windows  were  composed  of  stained 
glass.  The  windows  of  the  Alhambra  in  Spain  w'ere 
of  open  wood  work,  the  result  being  that  when  the 
light  shone  through  them  it  cast  beautiful  shadows. 
Some  of  these  windows  were  inlaid  with  little  bits 
of  ivory  and  coloured  wood.  He  should  like  to 
know  what  Mr.  Day  thought  of  the  work  of  Tiffany 
and  La  Farge. 

Mr.  William  J.  Booer,  speaking  of  the  staining 
process,  said,  to  his  mind,  the  great  beauty  of  many 
of  the  yellow  stains  was  owing  to  the  fact  that  the 
glass  made  a long  time  ago  was  of  a much  softer 
material.  When  he  said  “soft,”  he  meant  with 
reference  to  its  absorbing  the  silver,  and  thus  the 
beautiful  rich  ruby  graduating  down  to  a pale  lemon 
was  easily  produced.  Many  years  ago,  ^Messrs. 
Chance,  of  Binningham,  made  a glass  of  this  descrip- 
tion, but,  owing  to  the  small  demand  that  there  was 
for  this  kind  of  glass,  they  had  discontinued  making  it. 
This  soft  Kelp  glass  really  accounted  for  the  richness 
of  the  stain.  A rich  ruby  could  be  obtained  by  staining 
it  with  silver  on  both  sides.  With  reference  to  the 
modern  makes  of  glass,  a new  line  of  discovery  had 
been  made  owing  to  the  suggestions  of  Mr.  E.  S. 
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Prior,  an  architect,  who  had  almost  brought  back 
many  of  the  choice  examples  of  the  old  glass.  There 
were  some  specimens  on  the  table,  showing  the 
difference  in  thickness  and  the  gradation  of  colour. 
Architects,  as  a mass,  had  not  interested  themselves 
much  in  the  quality  of  glass.  He  remembered  a short 
time  ago  calling  upon  an  architect  at  Eastbourne, 
and  showing  him  some  very  fine  specimens  of  glass, 
when  the  architect  said,  “ I never  saw  any  glass  like 
this  before  ; and  I do  not  think  much  of  it ! ” The 
specimens  were  considered  to  be  very  choice 
indeed.  Calling  upon  the  same  gentleman  a month 
afterwards,  when  something  on  the  glass  had  been 
printed  in  one  of  the  art  papers,  he  then  said,  “ I did 
not  see  any  beauty  in  the  glass  until  my  attention  was 
called  to  it,  but  it  is  really  beautiful  glass.”  The 
ignorance  connected  with  glass  was  very  deplorable. 
The  glass  trade,  as  a rule,  had  been  very  neglectful 
in  bringing  this  ignorance  before  the  public.  Im- 
mediately people  entered  a church,  if  they  saw  plenty 
of  red,  blue,  and  yellow  colour,  they  said,  “ What  a 
beautiful  window.”  He  thought  they  were  much 
indebted  to  Mr.  Day  for  the  very  terse  way  in  which 
he  had  put  the  whole  matter  before  them,  and  having 
been  brought  up  as  a glass  stainer,  he  could  honestly 
say  that  he  had  appreciated  the  paper  very  much. 

A vote  of  thanks  to  Mr.  Day  was  carried  unani- 
mously. 


FIFTEENTH  ORDINARY  MEETING. 

Wednesday,  March  23,  1898  ; Michael 
Carteighe,  Member  of  Council,  in  the  chair. 

The  following  candidate  was  proposed  for 
election  as  a member  of  the  Society : — 

.Starley,  John  Kemp,  Barr’s-house,  Coventry. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Bell,  Horace,  28,  Victoria-street,  S.W. 

Dobree,  Harry  Hankey,  34,  De  Vere  - gardens, 
Kensington,  W. 

The  paper  read  was — 

THE  PREPARATION  OF  MEAT 
EXTRACTS. 

By  Charles  R.  Valentine. 

Almost  exactly  two  years  ago  I addressed  a 
gathering  of  your  Society  here  on  the  subject 
of  the  development  of  the  trade  of  our  Colonies 
in  dairy  produce  and  the  products  of  'petite 
culture  If  I felt  some  diffidence  then,  I must 
confess  that  I feel  more  diffidence  to-day, 


because  I fear  I shall  have  to  tell  you  a good 
deal  that  you  know'.  I will,  how'ever,  endeavour 
to  do  so  without  being  w^earisome,  and  in  the 
hope  that  I may  at  least  make  suggestions 
that  may  be  of  use.  I am  going  to  deal  w'ith 
the  production  and  use  of  meat  extracts — 
so  called — and  to  endeavour  to  show  that 
Australasia  may  still  further  develop  a useful 
and  important  and  remunerative  trade  in  a 
material  that  is  now'  the  basis  of  a host  of 
dietetic  preparations,  the  virtues  real  and 
fanciful  of  which  are  indicated  by  the  adver- 
tisements that  cover  the  w'alls  of  our  streets 
and  fill  the  pages  of  our  new'spapers  and 
magazines  ad  nauseam. 

(i.)  I will  first  give  some  account  of  the 
history  of  meat  extracts,  and  the  causes  that 
have  led  to  their  manufacture  and  use. 

(2.)  Then  I will  treat  of  the  commercial 
aspect  of  this  manufacture,  and  give  some 
statistics  of  the  Colonies  in  which  I think  a 
very  profitable  trade  maybe  further  developed. 

(3.)  Then  I will  refer  to  preparations  that 
are  in  fashion  at  present,  and  their  general 
manufacture  and  composition. 

Perhaps  nothing  strikes  one  more  forcibly  in 
visiting  the  great  centres  of  food  distribution 
in  England  than  the  changes  that  have  taken 
place  in  the  last  thirty  or  forty  years.  These 
changes  appear  to  be  governed  by  the  general 
rule — “the  luxury  of  yesterday  gradually  be- 
comes the  necessity  of  to-day.”  To  go 
back  not  a very  long  time,  we  can  trace  this 
evolution  in  the  use  of  the  universal  vegetable 
the  potato,  and  in  the  abuse  of  that  often 
harmful  and  nauseous  decoction  stewed  tea. 
These  are  instances  of  supply  creating  demand. 
The  booming  and  advertising  of  bouillons  and 
extracts  of  meat  has  led  to  something 
similar  in  the  case  of  meat  extracts,  or 
rather  “ extracts  of  beef,”  all  of  which  have 
their  basis  in  the  product  I am  about  to 
discuss  that  is  known  by  its  Latin  title 
extractum  carnis.  Before  dealing  w'ith  its 
history,  let  me  say  at  once  that  this  raw 
material,  the  basis  of  these  popular  drinks, 
bouillons,  and  extracts,  can  be  made  in  the 
Colonies  at  a cost  that  will  enable  it  to  be 
placed  on  our  market  at  a price  within  the 
reach  of  ever)mne.  Hitherto  the  price  has 
been  quite  prohibitive.  Popularised  in  a still 
cheaper  form,  it  will  meet  an  increased  demand, 
helped  undoubtedly  by  the  tendency  of  the  age 
in  this  world  of  rush  and  hurry  that  requires 
everything  to  be  ready  to  hand,  wdth  the 
minimum  of  labour  and  the  maximum  of 
quality.  Until  recently,  even  in  the  best 
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kitchens,  the  use  of  “ extractum  carnis  ” was 
unappreciated,  and  the  advantages  of  its  appli- 
cation in  the  making  of  soups,  hashes,  stews, 
gravies,  &c.,  overlooked.  There  is  yet 
room  for  a great  development  in  the  form  in 
which  it  is  placed  ready  to  the  cook’s  hands, 
i.e.,  in  clean  and  easy  form  for  use  without 
being  wastefully  packed.  From  another  point 
of  view,  the  manufacture  of  useful  and  reviving 
beverages  from  ‘'extractum  carnis”  is  to  be 
encouraged  as  an  antidote  to  alcoholic 
stimulants  which  flatter  the  weak  heart  “ but 
to  betray.” 

The  development  of  our  empire,  too,  is 
only  now  rendered  possible  by  these  portable 
and  sustaining  extracts.  Pemmican  and  bil- 
tong were  all  veiy^  well,  but  now  the  question  of 
whether  an  army  corps  can  reach  Coomassie 
with  its  available  transport  service,  or  whether 
a forced  march  beyond  Berber,  on  the  Nile,  is 
possible,  may  depend  upon  such  goods  as  are 
known  by  their  epithets,  “extract,”  “con- 
densed,” “compressed,”  &c.  Lastly,  in  the 
sick-room  and  hospital,  the  value  of  a prepara- 
tion of  known  strength,  purity,  and  character 
may  mean  the  saving  of  life.  Scientifically 
made,  there  is  no  fear  of  a patient  being 
nauseated  by  the  watery  infusion  that  many 
of  us  remember  we  have  been  compelled  to 
swallow  in  our  sick  days  of  childhood,  accom- 
panied with  its  modicum  of  dry  toast,  until  the 
very  name  of  “beef  tea”  has  caused  us  to 
shiver.  There  being  this  extended  use  for  a 
good  meat  extract  in  the  kitchen,  in  the  tented 
field,  in  the  peaceful  scientific  exploration  far 
from  the  base  of  supplies,  in  the  sick-room,  and 
in  daily  life,  as  the  basis  of  a useful,  palatable, 
and  honest  beverage,  the  corollary  follows  that 
there  must  be  an  ever-increasing  demand  and 
popularity.  To  meet  this  demand,  we  wish  to 
place  Australasia,  and  especially  the  cattle- 
rearing colonies  of  Queensland  and  New  South 
Wales,  in  the  forefront. 

The  idea  of  concentrating  the  body  of  an 
ox  into  a thimbleful  of  elixir  must  have  been  a 
very  old  one.  May  be,  the  love  potions  and 
philtres  of  ancient  and  medieval  witches  were 
merely  strong  bouillons,  in  which,  when  beef 
was  scarce,  “eye  of  newt  and  toe  of  frog  ” 
were  used  in  the  cauldron  ! Perhaps,  in  those 
days  those  came  nearer  to  a true  appreciation 
of  the  physiology  of  life  sustenance  who 
gave  their  patients  raw'  meat.  It  must  be 
remembered  that  meat  extracts  and  con- 
centrated foods  are  to  meet  the  special  cir- 
cumstances of  the  sick,  and  not  to  supplant 
but  to  assist  other  foods  w'ith  both  them  and 


431 


the  health.  The  work  of  Dr.  Justus  von 
Liebig  in  this  respect  has  hardly  met  with 
its  due  appreciation.  Certainly  his  name 
appears  in  various  colours  on  different-shaped 
jars  of  different  preparations,  but  the  light  he 
threw  on  the  physiological  action  of  food, 
upon  its  chem.istry,  and  upon  the  concentra- 
tion of  its  valuable  constituents,  has  been 
forgotten  and  unappreciated,  and,  like  Pasteur, 
the  bulk  of  his  life’s  w’ork  is  overlooked  and  his 
name  is  only  familiar  to  many  of  us  in  connec- 
tion with  a minor  result  of  his  devotion  to  study 
for  the  benefit  of  humanity.  Be  this  as  it  may, 
Liebig,  who  died  exactly  a quarter  of  a 
century  ago  on  April  18,  laid  down  certain 
great  principles  of  the  chemistry  of  food  which 
hold  equally  to-day  as  when  he  enunciated 
them. 

Years  before  Liebig,  the  celebrated  physi- 
cians, Parmentier  and  Proust,  endeavoured  to 
procure  a more  extended  application  of  the 
extract  of  meat ; and  Liebig,  in  his  “ Familiar 
Letters  on  Chemistry,”  published  in  1859, 
quotes  them,  and  show's  how  Parmentier  had 
pointed  out  that  extract  of  meat  w’ould  offer  to 
the  wounded  soldier  a means  of  invigoration, 
and,  with  a little  wine,  “instantly  restore  his 
powers  w'eakened  by  loss  of  blood.”  Proust 
speaks  in  similar  terms.  Now'  Liebig,  ever 
with  a keen  eye  to  the  practical  when  any 
new'  scientific  truth  was  elucidated,  pointed 
out  50  years  ago  nearly  that  from  the  continents 
of  America  and  Australia,  where  beef  and 
mutton  had  then  only  a nominal  value,  we 
could,  with  the  simplest  means,  collect  im- 
mense quantities  of  the  best  extract  of  meat, 
the  importation  of  which,  he  adds,  “ might 
perhaps  acquire  a very  peculiar  importance 
for  the  potato-eating  population  of  Europe.” 
It  is  equally  important  with  the  right  manu- 
facture of  a meat  extract  that  the  public 
should  know  exactly  what  it  is,  and  its  true 
place  in  dietetics.  In  touching  upon  this 
chemico-physiological  aspect  of  the  matter, 
it  must  be  understood  I only  give  the  broad 
outlines,  and  that  there  are  modifications  of 
the  principles  laid  down  ; but  for  my  purpose, 
and  for  the  purpose  of  the  manufacture  of 
“ extractum  carnis,”  these  broad  principles 
obtain  to-day  equally  as  they  did  when  Liebig 
first  laid  them  dow'n. 

When  raw  meat  is  finely  chopped  and 
macerated  in  the  same  weight  of  cold  distilled 
water  and  squeezed  out,  the  water  dissolves 
from  16  to  24  per  cent,  of  the  weight  of  the  dry’ 
flesh.  The  fibrine  of  the  flesh  is  about  three- 
quarters  of  the  solid  residue.  If  the  watery 
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infusion  be  heated,  the  albumen  of  the  flesh 
separates  as  a flocculent  precipitate  when  the 
temperature  of  133^  Fahr,  is  reached,  and  the 
red  colouring  matter  of  the  blood,  likewise 
albuminous,  coagulates  at  158°.  The  infusion, 
after  being  freed  by  boiling  from  albumen  and 
the  colouring  matter  of  blood,  has  the  aromatic 
taste  and  all  the  properties  of  soup  made  by 
boiling  the  flesh.  This  is  important  to 
remember  in  our  manufacture  of  extract. 
There  is  no  idea  harder  to  eradicate  from  the 
mind  of  the  old-fashioned  cook  or  housewife 
than  that  the  longer  she  boils  meat  the  more 
good  she  is  getting  out  of  it.  She  is  a loose 
observer  of  facts.  She  is  condensing  the 
extract  she  has  made,  but  she  is  only  making 
the  fibrinous  albuminous  part  of  the  meat  more 
recalcitrant  that  ever.  Anyone  who  has  boiled 
an  egg  is  familiar  with  the  coagulation  of 
albumen,  but  the  cook  will  not  listen  to  anyone 
who  points  out  a similarity  between  eggs  and 
meat.  Perhaps,  the  same  spirit  that  rises 
superior  to  a little  elementary  chemistry  inspires 
the  vegetarian  and  the  fasting  ascetic  with  the 
self-comforting  idea  that  in  eating  eggs  they 
are  loyal  to  their  creed,  whilst  beef  would 
be  ‘‘  anathema  ! ” We  return  to  the  infusion 
or  extract  of  flesh  from  which  we  have  strained 
the  coagulated  albumen.  This  infusion  when 
evaporated  at  a gentle  heat  becomes  darker- 
coloured,  finally  yellowish-brown  and  acquires 
the  flavour  of  roast  meat.  When  it  is  dried  up, 
there  is  obtained  a brown,  somewhat  soft,  mass 
amounting  to  12  or  13  per  cent,  of  the  original 
flesh  (suppose  it  had  been  dried).  This  is  in 
the  rough  the  outline  of  the  process  of  extract- 
making. 

We  have  rather  overrun  our  ground,  and 
must  just  hark  back  to  a word  or  two  about 
food.  From  the  air  and  soil  and  the  rain 
plants  with  the  sun’s  aid  build  up  their  struc- 
tures, and  these  contain,  roughly  speaking, 
two  great  classes  of  organic  compounds,  both 
necessary  to  the  food  of  animals.  These 
are  (i)  the  carbohydrates,  or  non-nitrogenous, 
such  as  sugar,  starch,  cellulose,  and  the  fats; 
(2)  the  nitrogenous  (albuminoids),  such  as  the 
gluten  of  flour,  which  is  vegetable  albumen, 
and  the  vegetable  casein  that  is  found  in 
beans  and  peas.  The  plant  is  eaten  by  the 
graminivorous  animal,  and  that  animal  is 
eaten  by  man.  There  are,  of  course,  mineral 
matters  in  the  plants  which  have  important 
functions.  You  all  know  that  nitrogenous 
food-stuffs  are  absolutely  essential  for  the 
well-being  of  animals,  and  that  without  them 
the  animal  frame  cannot  be  built  up.  Liebig 


illustrated  this  by  calling  attention  to  the  fact 
that  from  the  albuminoids  of  an  egg  develop  all 
the  parts  of  the  animal  body — feathers,  claws, 
membranes,  fibrin,  blood-vessels,  and  so  on. 

In  the  process  the  albumen  disappears. 
Albumen  then,  he  points  out,  is  “ the  founda- 
tion of  the  whole  series  of  peculiar  tissues 
which  constitute  those  organs  which  are  the 
seat  of  vital  actions.  The  elements  of  these 
organs  which  now  possess  form  and  vitality 
were  originally  elements  of  albumen.”  Albu- 
minoids, then,  must  be  present  in  every  food 
which  by  itself  suffices  to  support  life.  The 
meat  or  muscle  of  herbivora  consists  largely  of 
solid  albuminoids,  and  hence  its  importance  as 
food,  and  it  is  this  difficulty  of  albumen 
coagulation  that  stands  in  the  way  of  the 
manufacture  of  an  extract  of  meat  that  would 
be  life  sustaining  by  itself.  Methods  have 
been  adopted  to  overcome  some  of  this 
difficulty  by  the  restoration  to  the  extract 
of  the  coagulated  albuminoids,  but  in  the 
ordinary  “ extractum  carnis  ” of  commerce  the 
great  bulk  of  the  nitrogenous  constituents  of 
the  meat  is  absent.  If  special  claims  are 
made  for  any  preparation  of  it,  these  claims 
must  be  based  upon  constituents  added  to  it 
by  the  manufacturers  and  patentees  of  the 
many  preparations,  excellent  in  their  way,  that 
are  on  the  market. 

The  great  principle  to  remember  in  the 
manufacture  of  meat  extract  is  that  if  flesh 
employed  for  food  is  to  become  again  flesh  in 
the  animal  body,  as  few  as  possible  of  the 
constituents  of  raw  flesh  ought  to  be  with- 
drawn from  it  in  its  preparation  for  the  table. 

It  is  not  claimed  for  “ extractum  carnis  ” that 
it  is  a food.  It  is  plain  that  if  flesh  be  simply 
boiled  in  water  and  the  meat  eaten,  much  of 
its  constituents  have  been  lost,  especially  if  it 
be  put  in  cold  water  at  first.  It  is  possible,  as 
I have  shown  above,  to  extract  from  finely 
divided  meat  by  the  action  of  cold  distilled 
water,  a great  deal  of  albuminous  matter,  and 
therefore  cooks  are  warned  not  to  steep  fresh 
meat  for  long  in  cold  or  warm  water.  On  the 
other  hand,  washed  muscular  fibre  becomes  . 
hardened  by  boiling  it  in  water,  just  as  does  ' 
the  white  of  an  egg.  It  is  important,  there-  ' : 
fore,  that  the  cook,  if  she  wants  tender  meat,  • 
should  drop  it  at  first  into  boiling  water,  and  I 
thus  form,  outside  the  meat,  a layer  of  hardened  [ 1 
fibre  and  coagulated  albumen,  which  keeps  | 
the  other  juices  in  the  meat,  and  the  albumen 
among  the  fibrinous  parts  inside.  The  meat  | 
should  never  be  allowed  to  boil  hard,  but  j 
merely  to  stand  and  simmer.  The  effect  on 
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fibrine  of  boiling  is,  we  must  all  remember,  to 
increase  its  hardness  and  toughness.  The 
same  applies  to  the  roasting  of  meat ; the 
exterior  should  be  rapidly  heated,  to  form  an 
envelope,  as  it  were,  to  retain  in  the  meat  the 
interior  juices.  This  is,  roughly,  the  rationale 
of  cooking,  and  it  will  enable  my  hearers  to 
recognise  that  beef-tea  is  but  a solution  of  the 
saline  and  extractive  matters  of  beef,  whilst 
the  extract  made  by  the  Liebig  process  is  an 
evaporated  beef-tea  containing,  in  a small 
volume,  the  extractive  matters  and  the  salts 
of  a large  quantity  of  beef,  and  in  virtue  of 
this,  possesses  medicinal  and  dietetic  pro- 
perties not  to  be  despised.  Considered  alone  as 
a food,  it  in  no  sense  represents  the  meat  which 
has  yielded  it,  since  it  has  lost  the  albu- 
minous element.  We  will  just  destroy  one  other 
fallacy  of  the  kitchen  before  passing  on  to  our 
subject.  A cook  will  judge  of  the  “ strength  ” 
of  her  stock  by  the  fact  that  when  cold  it  was  a 
stiff  jelly.  Now,  as  far  as  nutrition  is  con- 
cerned and  life-sustaining  power,  the  thinnest, 
most  watery-looking  cold  fluid  may  be  of 
infinitely  more  value.  The  jelly  is  gelatine, 
differing  nothing  from  any  glue  or  the  like 
extracted  from  the  feet  of  cattle.  Liebig, 
with  other  chemists,  showed  that  gelatine 
itself  has  little  or  no  dietetic  value,  in  spite 
of  the  nitrogen  it  contains.  It  will  not  support 
life  alone,  nor  will  it  even  replace  meat ; 
50  per  cent,  of  it  leaves  the  body  without 
having  helped  towards  its  nourishment,  and 
the  remaining  moiety  goes  partly  to  form  fat, 
or  passes  away  in  the  form  of  urea.  It  has, 
however,  some  value  in  a mixed  diet.  The 
cook’s  gelatinous  soup  is  then  not  so  “ good,” 
so  “sustaining,”  as  the  watery  amber-coloured 
fluid  made  from  the  maceration  of  minced 
raw  beef  with  water.  It  is  to  some  extent 
upon  the  intelligent  method  of  making  a 
true  soup  that  the  process  of  the  manufac- 
ture of  “ extractum  carnis  ” depends.  Liebig 
macerated  finely-divided  beef  in  cold  water, 
or  water  heated  up  to  about  150"^  Fahr.  This 
is  evaporated  to  dryness  in  a water- bath, 
and  forms  the  extract  of  beef.  From  some 
32  lbs.  of  lean  beef,  free  from  fat  and  bone, 
equal  to  8 lbs.  dry  meat  and  24  lbs.  water, 

I lb.  of  true  extract  of  beef  can  be  made. 
Liebig  further  pointed  out  that  of  the  true 
extract  nearly  80  per  cent,  is  soluble  in  alcohol 
of  85  per  cent.  In  salting  meat,  the  brine  that 
forms  contains  all  the  elements  of  the  extract, 

I and  you  can  therefore  see  what  a wasteful  plan 
I it  is  to  kill  and  salt  down  cattle  to  export  salt 
' beef.  Salt  beef  is  not  a healthy  food,  it  is  bulky 


to  export,  and  its  better  qualities  have  been 
running  away  in  a useless  brine,  whilst  the 
composition  of  the  flesh  is  changed  much  more 
even  than  by  boiling.  “ Extractum  carnis,” 
then,  is  free  from  fat  and  gelatine,  whilst 
the  beef  of  our  kitchens  contains  both.  If 
“extractum  carnis”  contained  fat  it  would  not 
keep,  but  become  rancid  ; if  it  contained  gela- 
tine it  is  depreciated  in  value,  for  the  best  dry 
gelatine  is  only  about  half  the  price  of  extract 
of  meat. 

You  will  naturally  ask  what  is  the  value  of 
meat  extract,  as  apparently  its  qualities,  as 
referred  to  by  me,  would  seem  to  be  mainly 
negative,  in  that  I have  only  said  what  it  does 
not  contain.  Liebig  saw  in  it  the  means  of 
bringing  to  Europe  some  part  of  the  food  that 
was  wasting  at  a distance  for  the  want  of 
anyone  to  eat  it.  At  the  time  he  wrote,  lean 
beef  in  Australia  was  worth  from  id.  per  pound 
to  nothing  ; but  he  meant  the  extract  to  be 
eaten  with  liberal  additions  of  bread,  peas, 
or  lentils  ; that  is,  with  foods  that  contained 
nitrogenous  constituents,  in  which  the  meat 
extract,  by  reason  of  the  process  of  its  manu- 
facture, was,  of  necessity,  lacking.  To-day  in 
the  modern  German  factory  this  is  being  done. 
The  famous  erbwurst  of  the  German  soldier  is 
peameal  and  meat  extract  with  little  bits  of 
fat  bacon  chopped  up  in  it.  And — let  me 
mention  it  with  some  shame — the  preserved 
vegetables  the  English  troops  took  with  them 
in  the  last  Ashantee  expedition  were  preser\-ed 
in  a German  factory,  where  the  meat  extract 
is  “strengthened,”  literally,  to-day  by  the 
addition  of  vegetables,  peameal,  <^c.,  and 
made  into  appetising  and  sustaining  soups. 
Thus,  to-day,  Liebig’s  idea  is  being  carried  out, 
and  now  the  German  soldier  is  supplied  with 
his  meat  extract  separately,  and  his  peameal 
and  bacon  fat  and  nitrogenous  vegetables  to 
put  in  it.  Vegetable  albumen,  in  fact,  is 
supplied  separately  to  the  soldier  to  put  in  his 
extract.  At  the  same  time,  even  “extract  ” with 
the  vegetable  albuminoids  is  not  equal  to  the 
meat  from  which  the  extract  is  got  as  a life- 
sustaining  diet. 

The  exact  action  of  the  extract  alone  is 
perhaps  more  that  of  a useful  stimulant,  and  it 
is  in  its  development  in  this  direction  that 
there  seems  to  be  very  great  opportunities 
for  its  extended  use.  Its  physiological 
action  is  not  perfectly  understood,  but  seems 
to  be  akin  to  that  of  the  action  of  the  alkaloids 
of  tea  and  coffee.  The  lowest  and  latest 
mixture — a louillon  made  from  “ extractum 
carnis” — is  retailed  to-day  at  6d.,  and  the 
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purchaser  is  obliged  to  take  more  than  he 
requires  for  one  cup  or  for  a single  person. 
In  a ready,  suitable,  neat,  and  clean  form  the 
sale  of  extract  of  beef  in  small  quantities 
sufficient  for  three-quarters  of  a cup  of  hot 
water  should  be  a successful  rival  of  the 
popular  “ pint  of  four  ale.”  The  extract  is,  in 
fact,  a substitute  for  flesh  when  taken  with 
suitable  accompaniments,  the  best  of  which, 
I should  imagine,  would  be  whole-meal 
bread,  in  which  the  wheat  is  not  robbed  of  its 
vegetable  albuminoid  gluten,  as  too  much  of 
the  fine  flour  is  to-day.  Popular  as  are  the 
preparations  of  extract  on  the  market,  we  can 
yet  imagine  what  a wonderful  demand  might 
be  created  if  the  minds  of  the  people  became 
accustomed  to  use  them,  and  had  them  placed 
before  them  in  small  cheap  quantities  that 
could  be  prepared  even  more  quickly,  as  a 
beverage,  than  the  dreadful  decoctions  of  our 
railway  refreshment  rooms  and  restaurants, 
called  tea  and  coffee. 

If  the  preparations  of  meat  extract  on  the 
market  are  not  legion,  they  are,  at  least,  a 
battalion ; and  I may  roughly  divide  them 
into  four  great  sections  : — (i)  Extracts  by  the 
Liebig  process,  or  modifications  of  it ; (2) 
bouillons  ; (3)  jellies  ; (4)  juices. 

Of  the  first,  we  have  Liebig’s  Extract  Co. 

Liebig,”  blue  signature;  “ Ramornie  ” 
Liebig;  “Tooth’s”  Liebig;  Baron  Liebig, 
photograph  brand;  “Brand’s”  Liebig; 
Cybels ; Armour’s  Extract  (Chicago),  modi- 
fication of  the  Liebig  process,  whilst  many 
large  wholesale  grocers  and  warehousemen 
put  up  the  extract  under  their  own  names,  and 
these  are  all  on  the  Liebig  system. 

The  second  class,  we  may  call  flavoured  and 
medicated  solutions,  such  as  Bovril,  Vimbos, 
^bottillon,  Oxine.  It  is  claimed  for 
these  that  there  has  been  restored  to  the  extract 
some  of  the  albuminoids  that  coagulation  and 
straining  have  robbed  it  of.  These  are  more 
of  foods,  but  not  so  stimulating  as  the  Liebig 
because  not  so  condensed.  In  the  case  of 
Oxine  it  is  also  claimed  by  the  makers  that 
vegetable  matter  is  added. 

The  third  class,  the  jellies.  These  are  made 
by  boiling  down  the  gelatinous  parts  of  meat, 
as  well  as  the  lean  meat,  until  a jelly  is  formed, 
and  this  in  many  cases  is  fortified  by  the 
addition  of  the  extract.  In  this  class  (jellies) 
the  well-known  Brand’s  essence  of  beef  might 
be  included. 

There  are  also  a number  of  meat  juices, 
under  the  names  of  Armour’s,  Brand’s,  and 
Valentine’s.  The  colour  of  this  juice  is  reddish. 


which  shows  that  in  the  preparation  it  has  not 
been  subjected  to  great  heating.  The  makers 
claim  special  methods  of  manufacture.  In 
some  cases  the  lean  raw  meat  is  taken  and: 
minced,  and  an  equal  volume  of  water  added ; 
it  is  then  squeezed  under  great  pressure,  and 
strained.  The  juice  is  then  frozen,  the  water  in 
it  freezing  out  first,  the  excess  of  water  being 
separated  by  a special  process. 

These  are  the  only  four  classes  of  meat 
extract,  and  I may  say  of  the  first  three  of 
them  that  extract  of  meat  is  the  basi'si 
of  all.  The  popularising  of  these  essences, 
bouillons,  Bovrils,  and  Vimbos,  &c.,  means 
that  there  is  an  increasing  demand  for  extract.. 
There  are  some  ‘ ‘ soup  squares  ’ ’ made,  but  they 
are  manifestly  largely  gelatinous,  with  starchy 
and  vegetable  matters  added,  together  with  a 
small  amount  of  extract.  It  is  also  to  be' 
borne  in  mind  that  a very  dark  extract  is  not 
necessarily  a strong  one,  as  the  deep  colour' 
may  be  due  to  vegetable  colouring  matter.. 
The  keeping  properties  of  extract  are  valuable,! 
and  the  absence  of  the  albumen  has  much  to: 
do  with  this  characteristic. 

There  is  a meat  fluid  made  which  consists! 
of  lean  meat  chemically  treated  with  acid  and 
peptone,  by  which  all  the  fibrin,  albumen,  and, 
gelatine  are  rendered  soluble  after  being  di- 
gested in  water  at  a temperature  of  100°  Fahr. 
It  is  treated  with  other  chemicals  to  remove  the, 
bitter  taste,  and  then  evaporated,  and  as  such 
represents  certainly  all  the  lean  meat.  But  for 
manufacture  on  a large  scale,  and  from  a com- 
mercial standpoint,  the  “ extractum  carnis  ” is. 
a more  profitable  undertaking,  in  that  its  manu-i 
facture  is  simple,  easily  conducted  in  large: 
bulk,  and  no  somewhat  risky  chemical  treatment 
is  needed  for  its  production.  On  a large  scale,! 
too,  this  condensed  solution  of  beef  would  L 
imagine  be  an  expensive  product ; “ extractum] 
carnis  ” can  be  made  cheaply  and  well,  and 
has  a big  market  ready  for  it. 

I think  it  only  proper  to  refer  to  Brand  and. 
Company,  who  rank  amongst  the  first  pro-; 
ducers  of  concentrated  meats  in  this  country. 
This  house  was  founded  in  1835  by  a Mr.j 
Brand,  who  had  for  many  years  been  a cook 
in  the  kitchen  of  King  George  IV.  Mr.j 
Brand  commenced  business  upon  a modest 
scale  in  Little  Stanhope-street,  and  the  goods  . 
he  made  a specialty  of  at  first  were  chiefly  i 
Aates  and  edible  delicacies  of  varied  kinds,  j 
supplied  to  an  aristocratic  clie7tlele.  The, 
business  continued  thus  until  1845,  when  the| 
concern  was  disposed  of  to  a Mr.  Withall, 
who  carried  it  on  upon  the  old  lines  until  1861. 
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[n  that  year  his  friend,  Dr.  Druitt,  urged  him 
.0  endeavour  to  perfect  and  introduce  to  the 
nedical  profession  some  form  of  nutriment 
I ;hat  patients  might  take  in  lieu  of  medical 
I stimulants,  and  which  should  embody  the 
! arge  amount  of  invigorative  power  in  a small 
! :ompass.  Experiments  were  undertaken,  and 
;he  result  was  the  introduction  of  what  is  now 
Known  as  “ Brand’s  Essence  of  Beef.”  This 
preparation  has  from  that  time  to  the  present 
lay  enjoyed  an  increasing  sale,  and  Dr.  Druitt 
was  its  first  introducer  to  the  faculty,  he  bring- 
ing it  before  the  Obstetrical  Society  of  London 
in  May,  i86i.  The  “ Essence  of  Beef  ” and  the 
“Concentrated  Beef  Tea”  formed  a nucleus 
around  which  other  specialities  have  since 
been  gathered,  and  from  that  time  onward  the 
house  has  progressed  upon  its  new  basis  with 
remarkable  success,  playing  a most  important 
part  in  the  production  of  special  articles  of 
diet  for  invalid  use.  In  1873,  Mr.  Withall 
transferred  the  business  to  its  present  pro- 
prietors, Messrs.  Thomas  Deuce  and  John 
James  Mason,  the  latter  of  whom  had  for 
many  years  been  the  superintendent  of  the 
culinary  department. 

I will  deal  now  with  the  stock  statistics 
of  Queensland  and  New  South  Wales.  We 
have  no  figures  relating  to  the  import  of 
extract  of  meat.  It  is  lumped  together  with 
“meat  preserved  otherwise  than  by  salting,” 
in  the  Board  of  Trade  returns,  and  this 
country  pays  a bill  of  £2,000,000  per  annum 
under  that  head.  It  is  not  likely  that  the 
trade  from  the  United  States  will  greatly 
develop,  its  vast  trade  in  cattle  and  beef  being 
the  line  which  is  more  suitable.  We  paid  the 
United  States  of  America  and  Canada  nearly 
;^io,ooo,ooo  for  live  cattle  last  year,  besides 
;^4,6o9,ooo  to  the  former  for  fresh  beef.  The 
trend  in  Argentina,  too,  seems  to  be  towards 
live  cattle  and  fresh  beef  export.  It  is  to  be 
noticed,  too,  that  there  has  recently  been 
1 considerable  advance  in  the  value  of  stock 
in  the  United  States  of  America,  and  this 
concurrently  with  an  increase  in  number.  Let 
as  not  forget  America’s  vast  resources — in 
lexas  alone  there  are  1,000,000  more  cattle 
;han  in  the  whole  of  England,  and  a cow  there 
s only  worth  from  £^  12s.  to  £:^,  other  cattle 
aeing  valued  at  under  £t^.  In  Australasia,  in 
[895,  there  were,  roughly,  12,000,000  cattle, 
learly  7,000,000  of  these  being  in  Queensland 
ind  2,250,000  in  New  South  Wales.  New 
Zealand  carries  over  1,000,000  head,  and  js 
ncreasing  her  herds  rapidly,  possessing  as 
he  does  immunity  from  disease.  For  the 


United  States  of  America,  50,000,000  is  a 
moderate  estimate  ; and  Argentina  must  have 
getting  on  to  40,000,000,  for  she  had  23,000,000 
six  years  ago,  and  the  development  has 
been  rapid.  In  1895,  Argentina  sent  to  us 
12,213  t^wts.  of  “ beef  preserved  otherwise  than 
by  salting,”  the  United  States  of  America  sent 
253,261  cwt.  of  the  same,  and  Australasia 
171,000  cwt. — a very  respectable  quota  indeed. 
Roughly  speaking,  nearly  all  this  came  from 
Queensland  and  New  South  Wales,  in  the 
proportion  of  two-thirds  of  it  for  the  former 
and  one-third  for  the  latter.  It  may  just  be 
noticed  in  passing  that  figures  recently  issued 
show  that  in  1897  the  exports  of  live  cattle  from 
Argentina  w'ere  238,121  head,  or^  144,4 18  fewer 
than  in  1896.  At  the  same  time  the  frozen 
beef  export  increased  from  2,997  tons  to  4,241 
tons.  But  as  there  was  a decrease  of  9,668 
tons  of  jerked  beef,  as  compared  with  the  ex- 
ports of  1896  from  Argentina,  the  result  is  that 
in  1897  the  aggregate  exports  of  beef  altogether 
show  a considerable  decline.  Now  stock  in 
that  country  have  been  much  improved  by  the 
large  purchases  of  English  bulls,  and  it  is 
apparent  that  the  trade  was  checked  by  cheap- 
ness here,  whilst  probably  there  has  been,  by 
reason  of  the  improvement  of  stock,  an  appre- 
ciation of  value  over  there.  It  w’ould  appear 
that  Argentina  will  eventually  send  the  bulk  of 
her  beef  here  as  chilled  meat  of  high  class. 

I will  place  the  other  beef  exports  to  England 
of  these  countries  and  colonies  side  by  side 
for  the  same  year  ; — ■ 


Cattle. 

Fresh  beef. 

1896. 

1895. 

No. 

cwts. 

Argentina  

. . 65,708 

23.384 

United  States  . . . . 

■ . 393.548 

1.649,473 

Australasia 

32 

502,168 

Queensland,  especially,  with  her  large  surplus 
of  cattle,  has  developed  the  meat  extract  trade 
considerably,  and  that  this  is  so  is  largely  due 
to  the  foresight  of  Mr.  C.  G.  Tindal  and  Mr. 
Tooth,  two  of  the  pioneers  of  the  Australian  pre- 
served meat  industry.  The  former’s  name  is 
identified  with  the  celebrated  Ramornie  brand, 
and  he  has  latterly  devoted  much  of  his  attention 
to  the  extract  trade.  From  Queensland  alone  in 
1895  there  w^ere  exported  474,746  lbs.,  valued 
at  ;^43,ooo.  There  is  one  advantage  about 
the  extract  trade,  too,  that  I may  notice. 
Tinned  and  preserved  meats  have  dropped  in 
value  by  reason  of  the  great  development  of 
the  fresh  meat  trade.  Extract  does  not  enter 
into  competition  with  either.  It  has  its  own 
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market ; it  is  sui  genei'is ; it  is  the  luxury 
becoming  the  necessity. 

A great  many  colonists  are  looking  at  the 
trade  with  longing  eyes,  and  there  is  some- 
thing of  a rush  into  it  in  the  colonies  re- 
ferred to  because  of  the  manifest  advantages. 
Ihere  is  all  the  more  danger  of  the  trade 
being  injured  by  loose  methods  of  manufacture. 
The  trade  can  no  more  afford  this  than  could 
the  dairy  trade,  and  it  is  of  the  utmost  and 
absolute  importance  that  Australian  “extractum 
carnis  ” shall  earn  and  maintain  the  highest 
character.  The  utmost  care  in  manufacture 
is  necessary,  for  one  ounce  spoiled  by  burning 
affects  the  whole  bulk.  There  must  be  the  latest 
machinery  for  cutting  the  lean  meat,  hydraulic 
pressing,  perfect  cleanliness,  perfect  com- 
mand over  the  temperature  of  the  buildings  and 
apparatus,  cleanly  and  quick  disposal  of  the 
offal,  fat,  &c.,  and  no  accumulation  of  the  meat 
awaiting  treatment.  The  beef  must  be  freshly 
killed,  mature,  but  young  beef  fed  in  good  con- 
dition so  as  to  carry  the  maximum  of  lean  flesh. 
Cattle  over  three  years  of  age,  and  not  over  four 
years  are,  in  fact,  the  best  for  the  purpose,  and 
are  those  from  which  the  maximum  quantity  can 
be  made.  The  meat  is  stewed  by  steam  (I  use 
the  word  in  preference  to  “boiled”)  in  a 
jacketed  vessel,  and  the  concentration  of  the 
clear  soup  is  generally  done  in  vacuum  pans. 
Every  detail  is  of  the  utmost  importance.  An 
essential  point  is  the  cooling  of  the  meat  after 
killing,  and,  as  in  the  dairy,  a perfect  command 
of  the  temperature  is  needed.  Meat  chopped 
and  laid  aside  in  bulk  very  soon  begins  to 
“change.”  A first-rate  extract  cannot  be  made 
except  from  the  best,  cleanest,  and  sweetest 
meat.  None  other  but  the  best  is  wanted  in 
hingland.  The  business  lends  itself  to  the  co- 
operative method  among  stockowners  supply, 
ing  the  extract  factory,  and  this  especially  in 
the  disposal  of  the  bye-products.  There  is  all 
the  fat,  which  has  various  uses,  the  meat  of  the 
head,  neck,  &c.,  the  heart,  liver,  tongue 
sweetbreads,  blood,  entrails,  hide,  swhch’ 
bone,  feet,  horn,  A-c.,  all  severally  valuable 
commercially  ; and  on  the  disposal  of  these 
or  preparations  of  them  in  the  rough  as 
marketable  commodities,  such  as  glue 
tallow,  cured  skins,  charcoal,  manure,  &c.’ 
will  depend  to  a great  extent  the  stock-raiser’s 
profits.  It  is  not  a trade  that  anyone  can 
rush  into,  and  it  must  be  begun  on  a perfect 
system.  An  ordinary  fat  bullock  gives  400  lbs 
or  so  of  lean  meat,  which  produces  about 
10  lbs.  of  extract.  It  varies  in  price,  and  it 
only  pays  to  make  the  best.  The  importance 


of  the  bye-products  will  be  recognised  as 
big  factor  in  the  commercial  success  of  ^ 
undertaking  of  this  nature.  In  Chicag 
where,  of  course,  immense  numbers  of  catt 
are  slaughtered,  the  bye-proaucts  are  turne 
to  the  best  account  in  a systematic  way,  ar 
the  exporters  even  of  the  primest  beef  deper 
largely  upon  these  for  their  profits.  The  sk 
of  the  head  with  that  of  the  legs  and  tail  gO( 
to  the  glue  factory ; the  cheeks  are  used  f.i 
Bologna  sausages ; the  tongue  is  pickled  ar 
smoked  ; the  skull  goes  to  the  glue-house  ar' 
is  boiled,  and  then  to  the  fertiliser  factor} 
the  feet  make  glue  and  neats-foot  oil,  and  tl 
bones  of  them  go  for  tillage  ; the  sweetbreac 
are  used  to  make  pancreatin ; portions  of  tl 
liver  and  heart  are  used  for  sausages  ; the  bloc 
goes  to  the  maker  of  fertilisers,  and  the  horr 
are  made  into  knife  - handles,  buttons,  ar 
combs.  It  is  through  the  saving  and  utilisin 
of  absolutely  every  portion  of  the  bullock  th; 
the  packer  can  make  his  business  pay  as 
does,  and  as  an  example  of  the  completenej; 
and  economy  with  which  all  bye-products  .| 
thousands  of  stock  are  utilised,  I cannot  d 
better  than  refer  to  Mr.  P.  D.  Armour,  ( 
Chicago.  At  Armour’s  works  this  utilisation  ( 
bye-products  is  carried  on  to  perfection.  Thei 
is  absolutely  no  waste.  The  country  butcht 
in  England,  who  kills  two  bullocks  a weel 
lets  more  run  to  waste  than  is  lost  in  th 
disposal  of  100  head  at  Armour’s. 

The  first  samples  of  extract  that  came  fror 
Australia  were  very  good,  but  as  new  packer 
rushed  into  the  trade  a deterioration  wa 
noticed,  due  to  improper  treatment  and  careles 
selection  of  the  meat,  and  to  the  neglect  t< 
expel  all  the  water,  or  carelessness  in  heatinc 
and  consequent  burning.  The  latest  appli 
ances  of  mechanical  skill  must  now  be  used  a 
in  the  dairy,  and  rule  of  thumb  and  guess  worl 
must  give  way  to  science  and  exactitude.  Ii 
the  best  constructed  and  managed  works  it 
the  colony  every  care  is  exercised  in  the  selec 
tion  and  treatment  of  the  meat,  and  where  the 
rough  and  ready  idea  of  slumping  any  kind  0 
stuff  on  to  the  market  has  been  prevalent,  it  i: 
luckily  killing  itself  by  the  inexorable  logic  0 
£ s.  d.,  for  the  margin  of  values  between  the 
best  and  the  very  ordinary  extract  means  ci 
price  either  of  4s.  6d.  or  2s.  per  pound.  Thej 
next  essential  to  absolute  cleanliness  is  thej 
necessity  of  getting  the  whole  of  the  animai' 
heat  out  of  the  fresh  killed  beef.  The  cooling 
chamber  is  a necessity  and  so  is  the  regula-; 
tion  of  the  temperature  of  the  manufactory  in 
which  the  manipulation  of  the  meat  takes!  • 
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place.  The  age  and  sex  of  the  animals  has  a 
good  deal  to  do  with  the  quality  of  the  extract, 
preference  being  given  to  bullocks  three 
years  old  or  a little  over.  It  has  been 
found  that  at  this  age  the  yield  of  extract  is 
the  best ; below  that  age,  or  above  it,  the  best 
results  are  not  generally  obtainable.  Of  course 
extracts  can  be  made  from  veal  and  young 
animals,  and  with  proper  care  they  are  not  too 
gelatinous,  and  are  nice  for  a change  of  diet. 
The  meat  being  properly  cooled,  it  is  jointed  and 
the  flesh  cut  up  into  cubes,  and  it  is  important 
that  at  this  stage  it  should  not  be  allowed  to 
remain  long  heaped  up  in  great  quantities,  or 
a taint  will  develop.  In  1867,  Dr.  Thudichum, 
at  the  meeting  of  the  Food  Committee  of  this 
Society  explained  the  principles  that  make 
this  important.  The  colouring  matter  of  the 
muscles  is  called  myochrome,  and  is  identical 
with  the  colouring  matter  contained  in  the 
blood.  Dr.  Thudichum  pointed  out  that  this 
aids  in  the  breathing  of  the  muscles  during 
I life,  and  some  time  after  death.  As  long  as 
I meat  is  in  an  eatable  condition  this  matter 
I remains,  so  to  sa}%  alive.  Hence  a butcher 
takes  care  to  let  his  meat  “breathe.”  If  the 
meat  were  shut  up  close  after  being  killed,  it 
would  become  putrefied  in  a few  hours.  Piled 
up,  the  big  heaps  of  imperfectly  cooled  minced 
j beef  would  soon  develop  taint.  The  cubes  of 
meat  should  be  uniform  in  size,  and  this  is 
now  cut  up  by  machinery.  The  meat  is  then 
! put  in  a jacketed  boiler,  as  I have  said, 

I with  its  own  weight  of  water,  the  heat  being 
raised  to  175°  Fahr.,  and  it  is  kept  stewing  for 
about  twenty  minutes.  It  requires  constant 
attention  and  stirring  to  prevent  any  possibility 
of  burning,  and  the  regulation  of  the  heat  must 
be  nicely  adjusted. 

It  is  then  taken  out  and  strained,  the 
residue  is  pressed  and  squeezed  and  the  liquid 
put  into  a vacuum  pan,  and  concentrated 
down  to  the  desired  mass,  a brown  pasty 
substance  containing  from  13  per  cent,  to 
16  per  cent,  of  water.  If  cooked  too  long 
in  the  first  process,  and  if  the  albumen  is 
not  carefully  strained  out  after  coagulation, 
the  extract  will  contain  more  moisture  and 
the  presence  of  albumen  will  deteriorate  its 
keeping  properties.  The  pure  extract  is  wanted, 
and  not  a stocky,  sticky,  gelatinous  mass.  In 
some  cases  the  mass  after  being  heated  is  put 
into  bags  and  the  whole  of  the  liquid  pressed 
out  by  hydraulic  or  heavy  pressure,  so  that  the 
residue  left  is  like  nothing  more  than  a piece  of 
blotting  paper  or  gun  wad.  There  is  little 
doubt  that  the  latter  system  is  the  best,  for  the 


extract  then  contains  the  full  forces  of  the 
meat,  whereas  by  the  straining  process  a good 
deal  is  left  in  the  residue.  Some  works  have 
been  rather  chary,  however,  of  adopting  the 
latter  method  through  fear  of  too  gelatinous  and 
“stocky”  extract  resulting.  Stocky  extracts 
are  not  wanted  in  England,  and  can  always  be 
made  here,  as  they  are  done,  in  the  form  of 
jellies  and  soups,  to  which  extract  is  added. 
The  reason  the  meat  is  not  kept  at  a high 
temperature  for  a long  time  is  to  prevent  the 
decomposition  of  the  gelatinous  matter  in  the 
fibre,  and  its  inclusion  in  the  extract.  Extracts 
(as  shown  in  the  table  of  analyses)  should 
generally  consist  of  about  16  per  cent,  water, 
53  per  cent,  of  extractive  soluble  in  alcohol, 
13  to  14  per  cent  of  extractive  insoluble  in 
alcohol,  and  18  per  cent,  or  more  animal 
matter.  The  extract  consists  of  inorganic 
and  organic  substances,  the  former  being 
chiefly  and  generally  alkaline  phosphates  and 
chlorides — chiefly  phosphate  of  potash  and 
chloride  of  potassium  with  possibly  some 
ammonia  as  the  base  of  a phosphoric  acid 
compound.  The  organic  parts  of  the  extract 
are  kreatine,  or  kreatinine,  and  gelatinous 
extractive.  A good  extract  should  always  have 
an  acid  reaction,  its  colour  should  be  a 
characteristic  yellowish-brown,  and  it  should 
have  an  agreeable  meat-like  odour  and  taste. 
It  should  be  entirely  soluble  in  cold  water,  and 
should  be  free  from  albumen,  fat,  and  gelatine. 

The  big  centres  of  the  manufacture  of 
extract  of  meat  are  Chicago,  Buenos  Ayres, 
Queensland  (Townsville,  Rockhampton,  Glad- 
stone, Bowen,  Brisbane),  New  South  Wales 
(Ramornie),  Sydney  (Meat  Preserving  Co.), 
New  Zealand  (Hawke’s  Bay — Nelson  Brothers). 
The  practical  methods  of  manufacture  are 
broadly  on  the  same  lines  everywhere,  but 
each  centre  has  some  little  plan  or  con- 
venience in  operation  that  has  been  dis- 
covered in  actual  working,  and  formed  the 
basis  of  some  invention.  A South  American 
factory  consists  of  a large  cool  dark  flagged 
hall  kept  scrupulously  clean.  Here  .the  meat 
is  weighed  and  passed  through  apertures  to 
the  meat-cutting  machines  of  special  design, 
that  can  get  through  an  incredible  amount 
of  work.  Hence  the  meat  is  passed  into 
digesters,  which  hold  about  12,000  lbs. 
each,  and  it  is  “ digerated,”  as  it  is  termed, 
in  a description  of  the  commercial  Liebig 
process,  by  high  pressure  steam,  75  lbs.  to  the 
square  inch.  The  liquid  is  then  run  to  a series 
of  fat  separators.  Here  the  fat  is  separated  in 
a hot  state  because  no  time  can  be  lost  in 
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cooling  it  for  that  purpose  as  decompo- 
sition sets  in  so  very  quickly.  In  clarifies 
below  the  separators,  the  albumen  and 
fibrin  are  coagulated  out,  and  the  liquor 
then  run  into  large  evaporators  where  vacuum 
evaporators  evaporate  the  extract  at  a 
very  low  temperature,  the  liquor  being 
filtered  several  times  before  it  is  run  into  the 
evaporators. 

In  Bovril,  we  are  told  by  the  founder  of  this 
convenient  form  of  putting  up  beef  extract  with 
other  things,  Mr.  J.  Lawson  Johnston,  that  he 
hit  upon  a system  of  adding  the  albumen  and 
fibrin  to  the  beef  extract  in  the  form  of  a 
desiccated  powder.  Probably  the  success 
of  this  bouillon  as  a popular  beverage  was 
miainly  to  the  fact  that  for  the  first 
time  the  public  were  enabled  to  buy  a cup 
of  decently  made  and  invigorating  beef  tea 
cheaply  over  the  counter.  “Johnston’s  Fluid 
Beef”  found  much  help  in  its  sale  at  first, 
owing  to  the  Scott  Act  in  Canada,  and  a hot  cup 
of  Bovril  was  no  mean  substitute  for  hot  spirits 
when  the  sale  of  alcoholic  drinks  was  pro- 
hibited. Others  have  followed  in  the  wake  of 
Mr.  Johnston,  and  have  adopted  packages 
which  are  similar  in  appearance  and  cannot 
help  but  be  looked  upon  as  a colourable 
imitation  of  the  first  popular  bouillon  on  the 
market.  It  is  rather  a pity  that  the  inventors 
of  similar  preparations  have  not  struck  out  a 
new  line  in  the  shape  and  style  of  bottles  and 
jars. 

The  slaughter  of  cattle  on  the  River  Plate  and 
Rio  Grande  districts  is  about  2,000,000  head 
annually.  The  South  American  process  is 
briefly  much  that  which  I have  described 
above.  The  arrangements  for  slaughtering  the 
cattle  in  great  numbers  and  for  dressing  them 
with  the  utmost  dispatch  are  very  complete  and 
the  meat  used  is  carefully  selected.  The  basis 
of  Bovril  and  other  bouillons  is,  as  we  have 
said,  the  extract  of  beef.  It  is  claimed,  how- 
ever, for  this  and  other  mixtures  that  the 
elements  that  coagulate  in  the  liquid  extract 
are  restored  with  the  manufacture  of  the 
finished  article  in  England,  and  that  the  dried 
albumen  and  fibrin  are  sent  over  in  hermetically 
sealed  tins  and  worked  back  into  the  mixture 
here. 

It  is  significant  of  the  even  greater 
development  which  may  await  the  Australian 
trade  that  many  of  the  large  manipulators 
give  preference  to  the  finest  Australasian 
extract,  as  it  possesses  a greater  fullness  and, 
if  anything,  a finer  flavour  than  the  South 
American. 


Comparative  Analyses  of  Various  Forms  qpI 


Extracts 

OF  Meat. 

Liebig’s 
Process  or 
Modifica- 
tions. 

Bouillon. 

Meat. 

1 

Jellies. 

Water  

i6‘54 

29-14 

89'i5 

5i-8o> 

Sodium  Chloride  ... 

14-12 

0- 26  ) 

1- 04  j 

Other  Salts 

i9’63 

3’38 

7'50 

Organic  Matter 

6o'72 

53 '36 

9’55 

40-70 

In  the  Organic  Matter. 


Albumose 

22-62 

28-60 

4-00 

7-0 

Gelatin  

0-25 

0-56 

1-71 

13-0 

Flesh  Bases  and  \ 

Decomposition  } 

37‘85 

24-10 

3-84 

14-8 

Products  ^ 

DISCUSSION. 

Mr.  G.  G.  MacWilliam  said  he  was  bound  tojl 
express  his  obligations  to  the  reader  of  the  paperjk 
for  the  information  he  had  given,  and  for  the  veryjf 
interesting  views  he  had  shown.  Although  he  haljr 
existed  upon  the  extract,  he  did  not  know  there  was  sucl^MS 
gigantic  machinery  employed  in  its  production ; andj; 
certainly  those  who  had  perfected  the  process  deservedfi 
the  warmest  thanks  of  all  who  did  not  care  for  heavyir 
feeding.  It  was  a very  important  industry  in  thej 
colonies  so  far  as  he  could  gather  from  the  various|i 
companies  already  existing,  and  judging  from  some): 
others  which  were  about  being  formed  the  trade  wasw 
going  to  be  much  larger.  He  was  glad  of  it,  for  there« 
never  was  a time  when  soup  could  be  so  nicely  and  i| 
generously  made  as  at  the  present  day,  thanks  to  these  ‘i 
admirable  extracts.  This  industry  would  be  largely  i] 
developed  ere  long  in  other  countries  besides  New  ii 
South  Wales,  Queensland,  and  New  Zealand.  Thejl 
grazing  capacities  of  West  Australia  were  being  rapidlg  i< 
increased,  and  Queensland  would  find  there  a strony  1 
competitor.  From  Albany  up  as  far  as  Wagga  he  felt  | 
sure  that  in  five  years  time  there  would  be  a consider-  j 
able  number  of  factories  erected  because  the  cattle  j 
would  by  that  time  be  very  largely  increased.  They  i 
need  not  be  alarmed  at  that,  however,  for  the  public 
inclination  not  only  in  England  but  in  other  countries  j 
was  to  make  more  and  more  use  of  this  excellent  j 
addition  to  the  food  supply.  j 

Mr.  John  M.  Donaldson  (Messrs.  Annour  and 
Co.)  said  he  also  desired  to  express  the  pleasure 
he  had  experienced  in  listening  to  this  paper.  In 
talking  of  the  care  which  was  exercised  in  the  manu- 
facture in  order  to  ensure  purity,  Mr.  Valentine 
might  have  refen-ed  to  the  difficulties  encountered 
by  those  who  endeavoured  to  maintain  a high  standard 
in  the  face  of  competition  by  those  who  were  less 
scrupulous.  Many  of  them  would  like  to  see  meat 
extract  included  in  the  list  of  articles  to  be  dealt  with 
by  the  Adulteration  Bill  now  under  consideration.  It 
seemed  to  him  that  all  articles  of  food,  whether 


March  25, 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


439 


carefully  corked  and  capsuled  or  sold  loose,  should 
be  subject  to  analysis,  and  a high  standard  of  purity 
maintained,  otherwise  their  usefulness  would  be  lost 
and  public  faith  in  them  would  cease. 

The  Chairman  said  he  thought  probably  the  most 
important  part  of  the  paper  was  the  strong  recom- 
mendation that  the  extract  itself  should  be  made  in 
the  colonies  and  sent  to  Europe  without  any  admixture 
of  gelatine,  fibrinous  material,  or  other  things  which 
might  be  enumerated,  the  mention  of  some  of  which 
might  not  be  very  agreeable.  Beef  was  distinctly 
better  for  the  purpose  than  mutton  for  many  reasons ; 
the  melting  point  of  mutton  fat  being  an  insuper- 
able objection  to  making  the  best  quality  of 
extract  from  it.  The  important  point  was  that 
the  pure  extract  of  meat  should  be  sent  over  and 
afterwards  certain  things  might  be  added  which 
would  make  it  more  useful  for  dietetic  purposes.  He 
might  remind  them  that  properly  made  extract  of 
meat  administered  to  the  human  subject  was  of 
extreme  value,  but  it  could  not  properly  be  termed 
a food.  It  was  in  the  nature  of  a nerve  stimulant, 
and  might  be  given  to  the  human  machine  when 
working  quietly,  underworked  rather  than  over- 
worked. In  dealing  with  a community  that  had  to 
use  either  its  brains  or  its  muscles,  extract  of  meat  was 
no  more  food  than  alcohol,  by  itself ; it  required  to 
have  something  mixed  with  it  which  gave  more  force 
than  the  mere  stimulating  action  of  the  soluble  con- 
stituents of  flesh,  which  were  largely  saline  matters. 
There  were  a number  of  excellent  preparations  for 
that  purpose,  and  the  results  were  promising,  though 
he  must  say  that  he  had  found  some  of  the  most 
vaunted  preparations  of  the  least  value.  That  might 
be  due  to  the  fact  that  the  necessary  amount  of 
fibrinous  or  gelatinous  material  to  be  added  had  not 
yet  been  exactly  ascertained.  The  moment  that  you 
added  to  the  extract  any  of  these  less  easily  digested 
substances  you  raised  the  temperature  of  the  machine, 
gave  it  more  work  to  do  and  got  power  out  of  it.  He 
believed  it  would  be  possible  to  make  a prepara- 
tion from  beef  which  would  give  practically  all  the 
power  which  could  be  got  out  of  roast  meat,  but  it 
would  not  be  done  in  a moment.  The  facility  with 
which  good  extract  of  meat  could  be  made,  the 
advantages  of  easy  division  or  dosage,  so  that  a single 
cup  of  bouillon  or  beef  tea  could  be  made  at  a 
moment’s  notice,  and  even  cold  water  would  do  if 
you  could  not  get  hot,  was  a considerable  step.  If 
you  had  a perfect  extract  to  begin  with,  and  were  able 
to  add  to  it  a sufficient  amount  of  that  material  which 
went  most  largely  to  the  formation  of  muscle — by 
which  he  did  not  mean  glue,  but  a form  of  gelatine 
and  of  nitrogenous  material,  which  was  much  more 
easily  digested  than  glue — then  you  would  have  a 
preparation  which  w’ould  be  of  the  greatest  possible 
value  as  a food.  He  was  not  sure  that  in  the  case  of 
those  who  had  to  get  their  living  more  by  their 
brains  than  by  physical  work  such  a preparation 
would  not  be  the  best  form  of  getting  into  the  system 


the  nitrogen  required.  When  you  came  to  athletic 
sports  and  hard  outdoor  work,  the  power  of  digesting 
other  things  came  into  play,  and  one  could  digest 
what  in  future  would  perhaps  be  termed  a compara- 
tively crude  diet ; but  for  those  in  big  cities  who  had 
to  use  their  brains  much  and  work  against  time,  such 
preparations  would  undoubtedly  be  of  the  greatest 
possible  value.  He  would  also  like  to  give  a note  of 
warning  with  regard  to  the  deterioration  which  had 
been  referred  to,  for  it  would  be  a great  misfortune  if 
the  nutritive  value  of  the  preparation  were  diminished 
in  the  attempt  to  put  it  on  the  market  at  the  lowest 
possible  price.  He  would  conclude  by  proposing  a 
hearty  vote  of  thanks  to  Mr.  Valentine,  who  had 
been  exceedingly  modest  as  to  his  own  part  in  the 
work. 

The  vote  of  thanks  having  been  earned  unani- 
mously, 

Mr.  Valentine,  in  reply,  said  it  had  been  a great 
pleasure  to  him  to  prepare  the  paper,  and  he  hoped  it 
might  be  of  some  use  in  putting  the  extracts  of  meat 
from  the  colonies  on  a better  footing  as  to  quality. 
He  had  not  mentioned  Western  Australia,  Victoria, 
South  Australia,  or  Tasmania,  because  he  had  only- 
dealt  with  those  colonies  in  which  the  production 
was  being  largely  carried  on  at  present,  but  he  was. 
quite  conversant  with  the  facilities  which  the  other 
colonies  possessed.  One  great  object  in  bringing 
forward  the  Australasian  colonies  was  to  show  that 
they  had  the  means  of  supplying  this  raw  material 
on  the  cheapest  possible  basis.  In  the  United  States 
he  could  not  but  think  that  the  rapidly-increasing 
population  would  soon  consume  a much  larger  pro- 
portion of  the  output.  He  fully  endorsed  what  had 
been  said  about  adulteration,  and  was  convinced 
that  if  the  law  were  applied  to  these  extracts- 
it  would  give  the  high-class  manufacturers  a much 
better  chance.  He  must  say,  from  the  very  prominent 
advertisements  which  aj:)peared  about  the  blending 
of  certain  materials  with  others  to  increase  their 
nutritive  value,  that  some  of  the  statements  made 
were  altogether  unwarranted.  His  view  was  that  the 
exportation  from  the  colonies  should  be  confined  to 
the  “ extractum  carnis,”  as  anything  which  required 
to  be  added  could  be  obtained  and  manipulated  better 
in  this  country.  His  opinion  was  that  the  extract  was. 
a “ pick-me-up,”  and  about  the  best  oil  one  could  apply 
to  grease  the  wheels  of  the  human  machine. 


Obituary. 


Sir  Henry  Bessemer,  F.R.S.  — Sir  Henry 
Bessemer,  whose  name  is  so  intimately  associated  with 
the  manufacture  of  steel,  died  on  Tuesday  evening, 
15th  inst.,  in  the  86th  year  of  his  age.  He  was 
elected  a member  of  the  Society  of  Arts  in  1850,  and 
he  became  a member  of  the  Council  in  1872,  the  year 
in  which  he  was  awarded  the  Albert  Medal  “ for  the 
eminent  services  rendered  by  him  to  Arts,  Manufac- 
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tures,  and  Commerce,  in  developing  the  manufacture 
of  steel.”  In  1885,  also,  the  Councih  of  the  Society 
awarded  him  a gold  medal  in  connection  with  the 
International  Inventions  Exhibition,  for  the  invention 
of  Bessemer  steel. 

Bessemer  was  bom  on  January  19,  1813,  at  Charlton 
in  Herts,  and  early  showed  a taste  for  mechanical 
invention.  About  the  period  of  the  Crimean  War  he 
directed  his  attention  to  the  subject  of  gunnery,  but 
after  a time  he  came  to  the  conclusion  that  it  was 
useless  to  work  on  the  projectiles  until  the  guns 
themselves  had  been  rendered  stronger  and  better,  and 
he  therefore  applied  himself  to  the  study  of  metal  for 
artillery  purposes  generally.  After  several  years’  de- 
votion to  these  investigations,  he  hit  upon  the  central 
principle  of  the  Bessemer  process  for  the  conversion  of 
cast  iron  into  cast  steel,  and  in  1856  he  read  before 
the  British  Association  at  Cheltenham  his  first  paper 
on  his  discovery  of  the  means  of  rapidly  converting 
pig-iron  into  steel  by  blowing  a blast  of  air  through 
the  iron  when  in  a state  of  fusion.  But  many  diffi- 
culties had  still  to  be  overcome,  and  it  w’as  only  after 
Bessemer  had  himself  opened  works  at  Sheffield,  and 
made  steel  by  his  process,  that  the  opposition  was 
finally  broken  down.  The  after  development  of  the 
great  Bessemer  process,  and  its  revolutionary  effect 
on  the  manufacture  of  iron  and  steel,  are  well  known, 
and  need  not  be  recorded  here.  It  may,  however, 
be  mentioned  that  the  output  of  Bessemer  steel  for 
the  year  1896  over  the  whole  world  was  calculated 
at  11,000,000  tons,  7,000,000  tons  being  made  by  the 
more  recent  Siemens’  process. 

In  1859  the  Institution  of  Civil  Engineers  awarded 
him  a gold  Telford  Medal  for  a paper  on  his 
process.  In  1871-3  he  was  President  of  the  Iron 
and  Steel  Institute,  and  founded  a gold  medal 
to  be  given  annually  for  the  most  important  im- 
provement of  the  year  in  the  manufacture  of  iron  and 
steel. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  Evenings,  at  8 o’clock  : — 
March  30. — “ Telegraphy  Across  Space.”  By 
Professor  Silvanus  P.  Thompson,  F.R.S.  J.  W. 
Swan,  F.R.S. , will  preside. 

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  ; — 
March  31. — “The  Earthquake  in  Assam.”  By 
Henry  Luttman-Johnson,  I.C.S.  Sir  Dennis 
Fitzpatrick,  K.C.S.I.,  formerly  Chief  Commissioner 
of  Assam),  will  preside.  (At  the  Imperial  Institute.) 

Applied  Art  Section. 

Tuesday  Evenings,  at  Eight  o’clock  : — 
March  29. — “ English  Art  in  Illuminated  MSS.” 
By  Sir  Edward  Maunde  Thompson,  K.C.B.  Sir 
John  Evans,  K.C.B.,  D.C.L.,  Treas.  R.S.,  will 
preside. 


Cantor  Lectures. 

Monday  Evening,  at  Eight  o’clock  ; — | 

March  28. — Prof.  W.  Noel  Hartley 

F.R.S.,  “ The  Thermo-Chemistry  of  th 

Bessemer  Process.”  Lecture  III. 


MEETINGS  FOR  THE  ENSUING  WEEK 

Monday,  March  28... SOCIETY  OF  ARTS,  John-stree 
Adelphi,  AV.C.,  8 p.m.  (Cantor  Lectures.)  Pro 
AV.  N.  Hartley,  “The  Thermo-Chemistry  of  til 
Bessemer  Process.”  (Lecture  III.) 

Sanitary  Institute.  74A,  Margaret-street,  AA'.,  8 p.r 
Dr.  J.  Priestley,  “ Ventilation,  AA'arming,  ar 
Lighting.” 

Scottish  Society  of  Arts,  117,  George- street.  Edit' 
and  Commercial  Aspects  and  Imperial  Impor  ? 
ance.” 

burgh,  8 p.m.  i.  Report  on  (a)  Mr.  Peebles’  papt) 
on  “Acetylene  Gas  and  Apparatus  for  its  Producjc. 
tion;”  (3)  Mr.  P.  AA'hyte’s  paper  on  “Hydraufi 
Machinery  at  Leith  Docks.”  2.  Mr.  G.  K.  Grievd 
“ The  Comparative  Cost  of  Gas  and  Electricity 
Sources  of  Light,  Heat,  and  Power.”  3.  Air.  Sha^'. 
“Electric  System  of  Alechanical  A'entilation.” 
Imperial  Institute,  South  Kensington,  8J  p.n| 
Alessrs.  John  Ferguson  and  J.  Davis-Alien,  “ Tt| 
Projected  Indo-Ceylon  Railwa)  .” 

Geographical,  University  of  London,  Burlingto4 
gardens,  AV.,  8J  p.m. 

Actuaries,  Staples-inn-hall,  Holbom,  7 pm. 
Aledical,  ii,  Chandos-street,  AV.,  8J  p.m. 

Tuksd.w,  March  29  ..SOCIETY  OF  ARTS,  John-stree  • 
Adelphi,  AA^.C.,  8 p.m.  (Applied  Art  Section|, 
Sir  Edward  Alaunde  Thompson,  “English  Art  i^ 
Illuminated  AISS.” 

Ro)-al  Institution,  Albemarle-street,  AA".,  3 p.irj 
Professor  E.  Ray  Lankester,  “ The  Simplest  Livin,  - 
Things.”  (Lecture  XI.) 

Civil  Engineers,  25,  Great  George- street,  S.AV'.,  < 
p.m.  Air.  E.  AA".  Stoney,  “Extraordinary  Flood) 
in  Southern  India  : their  causes  and  destructivi 
effects  on  railway  works.” 

Anthropological,  3,  Hanover-square,  AV.,  8|  p.m. 
AVednesday,  AIarch  30.. .SOCIETY OF  ARTS,  John-streei 
Adelphi,  AV.C.,  8 p.m.  Professor  Silvanus  P' 
Thompson,  “Telegraphy  Across  Space.” 

United  Service  Institution,  AATiitehall,  S.AV.,  3jp.m| 
Capt.  J.  N.  C.  Kennedy,  “ AVireless  Telegraphy.’* 
Thursday,  AIarch  31. ..SOCIETY  OF  ARTS  (East  Con 
ference  Hall,  Imperial  Institute)  4I  p.m.  (Indiat) 
Section.)  Air.  Henry  Luttman-Johnson,  “Thcj 
Earthquake  in  Assam.” 

Antiquaries,  Burlington-house,  AA".,  8J  p.m. 
Chemical,  Burlington-house,  AA^.,  8 p.m.  Annua; 
General  Aleeting. 

Royal  Institution,  Albemarle-street,  AV.,  3 p.m; 
Prof.  J.  A.  Fleming,  “ Recent  Researches  in  Alag-I 
netism  and  Diamagnetism.”  (Lecture  A''.) 

Sanitary  Inst.,  74A,  Alargaret-street,  AA’’.,  8 p.m.j 
Air.  E.  T.  Hall,  “ Sanitary  Building  Construction.”* 
Friday,  April  i ...  Ro3'al  Institution,  Albemarle-street,  W.,: 
8 p.m.  AVeekly  Aleeting.  9 p.m.  Prof.  Dewar,) 
“Liquid  Air  as  an  Anal}-tic  Agent.”  j 

Geologists’  Association,  University  Col.  AA’’.C.,  8p.m. | 
Philological,  University  College,  AV.C.,  8 p.m.  * 

Quekett  Alicroscopical  Club,  20,  Hanover-square,| 
AV.C.,  8 p.m.  I 

Saturday,  April  2 ...  Royal  Institution,  Albemarle-street, 
AV.,  3 p.m.  Air.  Lionel  Cust,  “ Portraits  as  Alonu- 
ments.”  (Lecture  II.) 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  IV. C, 


Notices. 


CANTOR  LECTURES. 

On  Monday  evening,  28th  ult.,  Professor  \V. 
Noel  Hartley,  F.R.S.,  delivered  the  third 
and  concluding  lecture  of  his  course  on  “ The 
Thermo-Chemistry  of  the  Bessemer  Process.” 
On  the  motion  of  the  Chairman,  a vote  of 
thanks  to  the  lecturer  was  carried  unanimously. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


APPLIED  ART  SECTION. 

Tuesday,  March  29,  1898  ; Sir  John  Evans, 
K.C.B.,  D.C.L.,  Treas.  R.S.,  in  the  chair. 

The  paper  read  was  “ English  Art  in  Illu- 
minated Manuscripts,”  by  Sir  Edward 
Maunde  Thompson,  K.C.B.,  D.C.L. 

The  report  of  the  meeting  will  be  published 
in  the  next  number  of  the  Journal. 


COMMITTEE  ON  ACETYLENE  GAS 

genera  tors. 

The  Orders  in  Council  regulating  the  use 
of  calcium  carbide  and  of  acetylene  gas  (when 
the  gas  is  under  high  pressures  or  liquefied) 
do  not  Legislate  for  apparatus  in  which  gas 
is  generated  from  the  carbide  at  low  initial 
pressure,  and  of  these  there  is  now  an  immense 
variety  before  the  public.  Whilst  the  majority 
of  such  generators  may  be,  and  doubtless  are, 
absolutely  safe  with  ordinary  precautions,  yet 
some  of  them  may,  from  want  of  adequate 
scientific  knowledge  of  the  properties  of  cal- 
cium carbide  and  of  acetylene  gas,  be  so 
constructed  as  to  constitute  a very  serious 
danger  in  the  hands  of  unskilled  labour,  and 
it  is  chiefly  where  unskilled  labour  is  employed 
that  the  new  illuminant  now  meets  with  the 
largest  demand. 


The  Council  of  the  Imperial  Institute  have 
authorised  the  holding  of  an  Exhibition  of 
Acetylene  Gas  Apparatus  in  the  grounds  of 
the  Institute  at  an  early  date,  and  in  order  to 
ensure  that  no  apparatus  should  be  admitted 
to  the  Exhibition  unless  it  was  shown  to  fulfil 
the  requisite  conditions  of  safety,  the  Council 
of  the  Society  of  Arts  have  appointed  a Com- 
mittee to  decide  upon  those  conditions,  and  to 
lay  down  rules  for  the  admission  of  apparatus. 

The  following  gentlemen  have  been  appointed 
to  act  on  this  Committee  : — Major-General  Sir 
Owen  Tudor  Burne,  G.C.I.E.,  K.C.S.I.  (Chair- 
man of  the  Council) ; Sir  Frederick  Bramwell, 
Bart.,  D.C.L.,  F.R.S.  ; Prof.  James  Dewar, 
M.A.,  F.R.S.  ; Harry  Jones,  M.Inst.C.E.  ; 
Prof.  Vivian  B.  Lewes ; Prof.  Boverton 
Redwood;  Prof.  W.  C.  Roberts-Austen,  C.B., 
F.R.S.  ; Prof.  J.  M.  Thomson,  F.R.S.  ; Sir 
Henry  Trueman  Wood  (Secretary). 

The  Committee  has  held  two  meetings,  and 
have  generally  decided  as  to  the  conditions 
which  the  apparatus  should  be  required  to  fulfil. 

P'ull  particulars  will  shortly  be  issued  as  to 
the  regulation  and  rules  laid  down. 


Proceedings  of  the  Society. 

♦ 

FOREIGN  AND  COLONIAL  SECTION. 

Tuesday,  March  15,  1898;  Sir  Albert 
Rollit,  M.P.,  LL.D.,  in  the  chair. 

The  Chairman,  in  introducing  Mr.  Nevile 
Lubbock,  said  he  was  the  very  highest  authority 
upon  the  particular  subject  with  which  he  was  about 
to  deal.  It  had  been  his  good  fortune  to  hear  Mr. 
Lubbock  address  audier.ces  on  this  subject  frequently, 
the  first  time  being  some  15  or  16  years  ago  in  Hull. 
That  was  the  commencement  of  a crusade  which  he 
hoped  was  drawing  near  to  a favourable  conclusion. 
Apart  from  what  the  ultimate  effect  of  that  campaign 
might  be,  the  result  was  one  from  its  economical 
aspect  which  was  of  the  very  greatest  interest.  He 
need  not  remind  the  meeting  that  from  a sympathetic 
point  of  view  the  feeling  of  this  countiy  must  inevitably 
go  towards  our  very  old  colonies,  in  which  a veiy  large 
amount  of  disadvantages  had  recently  been  incurred  in 
consequence  of  a system  on  the  part  of  other  countries 
which  no  one  of  authority  had  attempted  to  defend. 
Whether  the  bounties  were  on  sugar  or  on  ships,  or 
on  the  men  to  man  those  ships,  or  aught  else,  it 
seemed  to  him  that  it  was  a source  of  injury  to  the 
country  which  allowed  them,  and  an  injustice  to  the 
countries  against  whom  they  were  practically  allowed. 
Those  were  subjects  which  would  be  spoken  of  with 
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great  weight,  and  he  was  sure  with  great  impartiality 
by  Mr.  Lubbock. 

The  paper  read  was — 

THE  WEST  INDIES  AND  SUGAR 
BOUNTIES. 

By  Nevile  Lubbock. 

The  question  of  sugar  bounties  is  once  again 
attracting  public  attention  for  the  fourth  time 
in  the  last  twenty  years,  if  my  memory  serves 
me  rightly.  The  reason  this  question  has 
again  come  to  the  front  is,  as  you  know,  the 
serious  condition  of  our  West  Indian  Colonies. 
I propose  in  this  paper  to  give  you  some 
account  of  the  present  condition  of  the  West 
Indies,  and  to  add  a few  words  on  the  subject 
of  the  sugar  bounties. 

Towards  the  end  of  1896  representations 
began  to  pour  in  upon  the  Colonial  Office, 
from  those  interested  in  the  West  Indies,  to 
the  effect  that  there  was  danger  of  a large 
reduction  in  the  sugar  industry  of  those 
colonies,  and  that  the  result  of  this  would  be 
extremely  serious.  Mr.  Chamberlain  was  so 
much  impressed  that  he  felt  he  was  no  longer 
justified  in  allowing  matters  to  take  their  own 
course,  and  that  action  of  some  sort  had 
become  a necessity. 

On  Nov.  9,  1896,  he  accordingly  addressed 
the  following  letter  to  the  Treasury  : — 

“ Downing-street,  Nov.  9,  1896. 

“ Sir, 

“(u)  Representations  continue  to  reach  Mr. 
Secretaiy  Chamberlain,  giving  cause  for  increasing 
disquietude  as  to  the  prospects  of  certain  YVest 
Indian  and  other  sugar-producing  colonies. 

“(2.)  The  Lords  Commissioners  of  the  Treasury 
are  aware  that  the  pnce  of  sugar  in  open  markets  has 
for  some  time  past  been  affected  by  extraordinary 
depression,  caused  both  directly  by  the  bounties 
given  by  some  European  Governments  and  indirectly 
by  the  effect  of  those  in  stimulating  an  enormous 
})roduction  in  advance  of  an  eftective  demand. 

“ (3-)  Early  in  the  year  1895  it  was  judged 
necessary  by  the  Marquis  of  Ripon  to  sanction 
special  remission  of  taxation  on  sugar  estates  in 
British  Guiana,  Trinidad,  and  the  Leeward  Islands, 
in  consequence  of  the  evidence  laid  before  him  of  the 
critical  j)osition  of  this  industry.  In  the  course  of 
that  year  veiy  urgent  petitions  and  memorials  were 
addressed  to  the  Secretary  of  State  from  practically 
all  the  colonies  affected,  through  their  Chambers  of 
Commerce  and  other  associations,  making  positive 
statements  as  to  the  disastrous  effect  of  the  position 
of  the  sugar  trade  in  the  abandonment  of  estates  and 
the  disorganisation  of  the  industry.  These  repre- 
sentations were  endorsed  and  supported  by  the 
Governors.  In  November,  1895,  Chamberlain 


was  addressed  by  a very  large  and  representative 
deputation  on  behalf  of  the  YVest  India  sugar 
industry,  and  the  commercial  and  engineering 
interests  associated  ^\^th  it,  who  desired  that  he 
should  recommend  Her  Majesty’s  Government  to 
take  aetive  steps  against  the  foreign  sugar  bounties 
as  the  only  means  of  saving  the  YVest  Indian 
Colonies  from  ruin. 

“ (4.)  On  the  1st  of  August  last  the  amounts  of  the 
bounties  offered  by  the  Governments  of  Germany 
and  Austria-Hungary  were  approximately  doubled, 
and  a Bill  has  been  prepared,  and  will  probably  be 
adopted  in  France,  to  raise  the  bounties  in  that 
country  correspondingly,  although  it  is  computed 
that  they  are  even  now  equivalent  to  a grant  of 
5s.  per  ton.  The  new  German  rates  are  from 
IS.  3d.  to  IS.  qd.  per  cwt.,  or  25s.  to  35s.  per  ton. 

“(S')  The  prospect  created  by  the  announcement 
of  these  increased  rates  caused  a renewed  fall  of 
about  ^3  per  ton  in  the  market  price  of  sugar,  and 
has  resulted  in  a fresh  series  of  memorials  to  the 
Secretaiy  of  State,  and  in  a stimulus  to  the  tendency 
to  abandon  the  cultivation  of  estates.  Announce- 
ments of  the  intention  to  do  this,  and  warnings  as  to 
the  serious  consequences  that  may  be  expected,  are 
reaching  Mr.  Chamberlain  from  most  of  the  colonies 
affected. 

“ (6.)  These  facts  are  very  briefly  recapitulated 
without  detail,  which  would  be  superfluous  in  view  of 
the  position  which  Ylr.  Chamberlain  has  so  far  been 
forced  to  maintain  towards  all  such  representations, 
namely,  that  Her  Majesty’s  Government  do  not  see 
their  way  to  take  any  effectual  or  active  steps  whatever 
to  counteiwail  the  operation  of  the  bounties. 

“ (7.)  Until  recently,  it  appeared  not  impossible 
that  the  continental  bounties  might  be  spontaneously 
withdrawn,  or  that  the  over-production  which  they 
have  caused  might  remedy  itself  in  the  natural  way 
by  the  collapse  of  unprofitable  businesses.  These 
possibilities  are  adjourned  by  the  increase  in  the 
bounties  above  alluded  to. 

“ (8.)  Mr.  Chamberlain  feels  that  he  cannot  any 
longer  disregard  indications  which  are  arising  in  the 
administrative  purview  of  this  department  of  impend- 
ing liabilities  and  difficulties  which  the  colonies  will 
not  be  able  to  meet  unaided. 

“ (9.)  At  the  end  of  the  year  1895  there  were 
deficits  in  Antigua  and  St.  Kitts  of  £26,000  and 
6,000  respectively;  and,  notwithstanding  an  un- 
usual heavy  sugar  crop  in  those  islands  and  an 
increase  in  the  rates  of  taxation,  it  is  expected  that 
these  deficits  will  be  increased  during  the  current  year,  j 
The  population  are  almost  entirely  dependent  on  the 
sugar  estates,  and  it  is  represented  that  estates  are 
being  abandoned.  There  were  riots  in  St.  Kitts  , 
this  spring  arising  from  the  reduction  of  wages  on  the 
sngar  estates,  and  if  there  is  any  serious  reduction  of  ; 
employment  a recurrence  of  disturbances  may  be 
expected.  The  YVindward  Islands  have  during  1895  | 
and  i8g6,  notwithstanding  severe  retrenchment  and  j 
the  increase  of  taxation  until  the  point  of  inelasticity 
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has  been  reached,  fallen  into  a state  of  insolvency 
which  compels  Mr.  Chamberlain  to  apply  to  the 
Lords  Commissioners  for  an  imperial  grant  in  aid,  as 
to  which  another  letter  will  be  addressed  to  you. 
The  Lords  Commissioners  will  recollect  that  in  the 
letterfrom  this  department  of  the  15th  of  August  last, 
in  which  Mr.  Chamberlain  applied  for  assistance  in 
promoting  subsidiary  industries,  which  the  Lords 
Commissioners  decided  not  to  grant,  the  possibility 
that  sueh  an  appeal  might  become  necessary  was  fore- 
shadowed. The  abandonment  of  the  majority  of  the 
sugar  estates  in  St.  Vincent  has  been  definitely 
announced. 

“(10.)  The  Government  of  Barbados  has  been 
passing  through  severe  financial  difficulties,  involving 
reductions  of  the  cost  of  establishments.  The  effect 
of  the  abandonment  of  estates  in  this  island  would  be 
particularly  grave  and  would  necessitate  assisted 
emigration. 

“ (II.)  With  regard  to  some  of  these  colonies  there 
may  be  reason  to  think  that  improvements  in  manu- 
facture have  been  neglected.  This,  however,  cannot 
be  said  to  be  the  case  in  Trinidad,  where,  nevertheless, 
cultivation  is  being  reduced  ; nor  in  British  Guiana, 
where  it  is  being  reduced  with  very  serious  rapidity, 
invobing  the  loss  of  much  capital  invested  in 
expensive  machinery. 

“ (12.)  This  process  has  a special  significance  in  the 
two  last-named  colonies,  the  Governments  of  which 
are  responsible  for  many  thousands  of  coolie  immi- 
grants, which  they  are  liable  to  be  called  upon,  under 
contract,  to  repatriate.  If  sugar  cultivation,  for 
which  British  Guiana  and  Barbados  are  specially 
suitable,  and  in  which  a large  amount  of  capital  is 
invested,  were  abandoned  in  those  colonies,  no 
alternative  industry  eould  at  once  take  its  place,  and 
the  coolies  in  British  Guiana  and  the  negroes  in 
Barbados  would  be  thrown  on  the  hands  of  an  in- 
solvent administration,  which  would  be  unable  to 
provide  for  their  repatriation  in  the  one  case  and  for 
their  support  or  emigration  in  the  other  case.  The 
circumstances  of  Antigua,  St.  Kitts,  and  Nevis  are 
analogous  on  a smaller  scale. 

“(13.)  The  special  danger  which  appears  in  the 
outlook  in  the  colonies  thus  dependent  on  sugar  lies 
in  the  fact  that  this  industry'  employs  far  more  labour 
to  the  acre  than  any  possible  substitute,  and  that  no 
substitute  is  immediately  available  ; that  the  revenue 
depends  directly  on  the  industry,  and  that  the 
administrations  are  therefore  liable  to  be  financially 
crippled  just  when  there  is  the  greatest  strain  on 
them,  and  that  any  general  failure  of  employment 
may  be  confidently  expected  to  produce,  if  not 
immediate  rioting,  at  least  a very  dangerous  and 
unstable  situation  in  which  more  efficient  police 
arrangements  than  exist  in  the  majority  of  the  islands, 
and  possibly  the  presence  of  troops  or  ships  of  war, 
may  be  necessary  to  maintain  order. 

“(14.)  A serious  plantation  disturbance,  involving 
a large  number  of  casualties,  has  been  reported  from 
British  Guiana  by  last  mail. 
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“(15.)  It  must  also  be  borne  in  mind  that  the 
colonial  banking  establishments  in  the  West  Indies 
are  considerably  involved  in  the  sugar  industrv^  and 
that  a collapse  of  that  industry  would  be  likely  to 
bring  about  a financial  crisis,  the  gravity  of  which 
and  of  its  indirect  consequences  it  would  be  difficult 
to  estimate. 

“(15.)  The  foreign  sugar  bounties  have  been,  and 
are  at  present,  of  substantial  advantage  to  some  of 
the  industries  of  this  country.  It  was  in  a great 
measure  on  this  account  that  the  Bill  introduced  by 
Her  Majesty’s  Government,  in  the  year  1889,  to  givc- 
effect  to  the  Sugar  Bounties  Convention  was  not 
pressed.  It  has  now,  in  view  of  further  developments, 
become  a question  whether  the  continued  enjoyment 
of  this  advantage  does  not  involve  the  ruin  of  the 
British  sugar-producing  colonies,  and  if  so,  what  this 
prospect  further  implies,  both  as  regards  the  social 
future  of  such  colonies  and  in  claims  for  Imperial 
expenditure  which  it  will  not  be  possible  to  resist. 

“{17.)  The  position  of  affairs  being  as  indicated, 
Mr.  Chamberlain  is  not  prepared,  as  Secretary  of 
State  for  the  Colonies,  to  accept  the  responsibility  of 
allowing  matters  to  take  their  course,  and  to  acquiesce 
in  the  policy  of  non-intervention  hitherto  pursued  in 
regard  to  bounties  without  having  satisfied  himself 
as  to  what  such  policy  may  entail,  as  regards  both  the 
colonies  and  the  Exchequer,  nor  would  he  think  it 
right  that  Her  Majesty’s  Government  should  adhere 
to  their  present  attitude  on  this  question  without 
knowing,  as  clearly  as  possible,  at  what  cost  it  may 
be  to  the  welfare  and  stability  of  an  important  part  of 
the  Empire,  and  to  industries  in  which  English  capital 
is  largely  invested. 

“ (18.)  Mr.  Chamberlain  has,  therefore,  come  to 
the  conclusion  that  it  is  expedient  that  a Royal 
Commission  shall  be  appointed  to  inquire  into  the 
effect  of  the  foreign  sugar  bounties  upon  the  British 
colonial  industry,  more  particularly  in  regard  to  the 
West  Indies,  as  early  as  can  be  ananged,  so  as  to 
investigate  in  the  colonies  themselves  whether  their 
position  has  improved  or  retrograded  during  the  last 
ten  years,  and  the  causes  involved  ; what  are  actually 
the  state  and  prospects  of  the  sugar  industry,  and  of 
any  alternative  industries  existing  or  possible  to  be 
established,  and  what  has  been  the  course  of,  and 
what  causes  have  affected,  the  revenue  and  expendi- 
ture of  the  Governments  of  late  years  ; what  is  the 
condition  and  temper  of  the  negro  and  coolie  popula- 
tions ; and  what  line  of  industrial  development  it  is 
likely  that  these  populations  may  follow  with  advan- 
tage in  the  event  of  the  extensive  abandonment  of 
sugar  estates. 

“(19.)  There  are  many  particulars  of  inquiry’ sub- 
sidiary to  these  main  heads  which  would  come  within 
the  scope  of  such  a Commission  ; the  precise  terms  of 
reference  may  be  determined  if  the  appointment  of 
the  Commission  is  decided  upon. 

“(20.)  Mr.  Chamberlain  desires  me  to  request  that 
}’ou  will  move  the  Lords  Commissioners  of  the 
Treasury  to  give  their  serious  consideration  to  this 
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proposal,  which  has  not  been  made  without  mature 
deliberation  on  a long  succession  of  circumstances 
conducing  to  suggest  its  necessity.” 

As  the  result  of  this  communication,  a Royal 
Commission  was,  as  you  all  know,  appointed, 
consisting  of  Sir  Henry  Norman,  Sir  Edward 
Grey,  and  Sir  David  Barbour.  These  gentle- 
men visited  the  West  Indies  ; they  made  most 
searching  inquiries,  took  an  enormous  amount 
of  evidence,  and  finally  presented  their  report 
in  August  of  last  year.  This  report  fully 
confirms  the  representations  which  Mr.  Cham- 
berlain had  made  to  the  Treasury  as  to  the 
critical  position  of  these  colonies. 

The  Commissioners  say  : — • 

The  distress  will  be  due  to  the  failure  of  the 
• sugar  industry,  which  is,  in  turn,  partly  due  to  the 
protective  policy  of  other  countries  and  to  the 
bounties  which  some  of  them  grant  on  the  pro- 
duction or  export  of  sugar.  To  some  extent,  at  any 
rate,  these  bounties  and  this  policy  have  made  sugar 
•cheaper  outside  the  countries  in  question,  a result  by 
which  the  British  consumer  has  gained  very  largely. 
Whilst,  therefore,  it  is  unfair  to  say  that  the  cause  of 
the  depression  in  the  West  Indies  is  due  to  any  act 
•of  the  British  Government,  we  cannot  overlook  the 
fact  that  the  British  people  have  been  reaping  great 
benefit  from  precisely  that  set  of  circumstances  which 
has  been  a factor  in  bringing  the  West  Indies  to  the 
verge  of  serious  disaster.” 

The  consequences  of  a failure  of  the  sugar 
industry  are  described  by  the  Commissioners 
as  follows 

“ (39.)  If  such  reduction  or  extinction  of  the 
industry  occurs,  and  if  its  place  cannot  be  ade- 
quately filled  by  the  substitution  of  other  industries, 
the  consequences  are  likely  to  be  of  a very  serious 
character. 

“ (40.)  The  immediate  result  would  be  a great 
want  of  employment  for  the  labouring  classes,  and 
the  rate  of  wages,  which  have  already  fallen,  would  in 
all  ]:>robability  be  still  further  reduced.  The  public 
revenue  would  fall  off,  and  the  Governments  of  some 
of  your  Majesty’s  possessions  would  be  unable  to 
meet  the  necessary  public  expenditure,  including 
interest  on  debt,  whilst  additional  outlay  would  have 
to  be  incurred  in  providing  for  the  population  by 
emigration  or  otherwise,  and  the  general  standard  of 
living  would  be  reduced  to  a lamentable  extent  in 
every  colony  which  is  largely  dependent  on  sugar. 

Par.  41  only  refers  in  detail  to  some  of  the 
colonies. 

“ (42.)  In  British  Guiana  and  Trinidad  the  necessity 
for  keeping  faith  with  the  East  Indian  immigrants, 
and  of  repatriating  those  of  them  who  had  a right  to 
a free  passage  to  India,  and  wished  to  take  advantage 
of  that  right,  might  involve  a large  expenditure, 
which,  under  the  circumstances,  must  fall  upon  the 


{April  I,  1898. 


public  funds,  as  it  would  be  impossible  to  le^y  the 
sum  from  the  sugar  estates. 

“ (43.)  The  present  condition  of  such  an  island  a^ 
Tobago  illustrates  the  serious  character  of  the 
economic  and  administrative  problem  that  must 
arise  in  your  Majesty’s  possessions  in  the  West 
Indies  if  there  is  a collapse  in  the  sugar  industr}’. 
The  exports  of  sugar  from  Tobago  have  ahead) 
decreased  very^  much.  The  resident  populatior 
manages  to  live,  but  a considerable  proportion  ol 
them  are  driven,  permanently  or  temporarily,  to  othei 
islands  in  search  of  work,  and  it  is  impossible  to  raise 
more  revenue  than  is  barely  sufficient  to  meet  the 
necessary  expenditure  on  the  cheapest  and  simplest 
form  of  government.  New  roads  cannot  be  made, 
and  even  those  that  already  exist  cannot  be  kept  in 
proper  repair  out  of  revenue.” 

With  regard  to  a remedy  the  Commissioners 
all  agreed  that  the  only  complete  remedy  w’as  a 
rehabilitation  of  the  sugar  industry.  With  a 
view  to  this  end  they  all  advised  that  the  aim 
of  Her  Majesty’s  Government  should  be  the 
abolition  of  bounties;  and  Sir  Henry  Norman 
further  advised  that,  if  necessary  to  secure  this 
result,  countervailing  duties  should  be  levied 
on  bounty-fed  sugar  to  an  amount  equal  to  the 
bounty. 

The  Commissioners  made  a number  of  other 
recommendations  with  a view  of  stimulating 
minor  industries,  but  I think  they  w^ould 
probably  all  agree  with  Sir  Henry  Norman 
that : — 

“ The  tenor  of  the  evidence,  the  conclusions  of  the 
Report  and  the  paper  of  Dr.  Morris,  than  wffiom  there 
is  no  higher  authority  on  West  Indian  production, 
must  satisfy  any  one  that  it  is  impossible  to  expect 
that  any  industry  or  industries  can  within  any  reason- 
able time  replace  sugar,  wffiether  as  affording  employ- 
ment and  subsistence  to  the  people,  or  as  enabling 
revenue  to  be  raised  to  maintain  the  administration.” 

Sir  Henry  Norman  concludes  his  minority 
report  as  follows  : — • 

“ There  seems  to  be  no  measure  e^^pt  the  imposi- 
tion of  countervailing  duties,  wffiich  is  likely  to  save  a 
considerable  group  of  British  colonies  from  serious  > 
disaster,  or  prevent  obligations  falling  on  the  mother 
country,  which  will  be  very  onerous  and  very  difficult 
to  meet  in  a satisfactory  manner.” 

I wdsh  to  call  your  attention  to  the  last 
words,  “ obligations  falling  on  the  mother 
country,  which  will  be  very  onerous  and  very 
difficult  to  discharge  in  a satisfactory  manner.” 
Therein  lies  the  hope  of  the  West  Indian  ; 
Colonies.  I will  only  here  remark  that  wEilst  I 
the  obligations  are  described  as  very  onerous,  i 
the  Commissioners  avoided  answering  the  ques-  ; 
tion  as  to  what  these  obligations  are  likely  to  ‘ 
amount  to.  ! 
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And  now  what  are  the  objections  to  coun- 
tervailing duties  ? Countervailing  duties  are 
levied  upon  spirits,  upon  chicory,  and  upon 
cigars  : why  not  upon  sugar  ? Let  us  see 
what  Sir  Edw’ard  Grey  and  Sir  David  Barbour 
have  to  say.  Their  objections  are  summed 
up  in  paragraph  82  of  the  Report  as  follows  : — ■ 
“ (i)  The  loss  to  the  British  consumer  that 
would  result  from  any  rise  in  the  price  of 
sugar  ; (2)  the  inconvenience  to  trade  that 
would  be  caused  by  the  imposition  of  counter- 
vailing duties  ; (3)  the  uncertainty  whether 
any  such  measure  w’ould  permanently  save 
the  sugar  industry  in  the  West  Indies  ; (4) 
the  inexpediency  of  raising  questions  con- 
nected with  the  interpretation  of  the  most 
favoured  nation  clause  ; and  (5)  the  danger, 
direct  or  indirect,  of  departing  from  what  has 
hitherto  been  considered  to  be  the  settled 
policy  of  the  United  Kingdom.”  They  add, 
however,  “At  the  same  time  we  consider  it 
to  be  our  duty  to  draw’  attention  to  the  pre- 
carious condition  of  the  sugar  industry  in  the 
West  Indies,  to  the  very  serious  consequences 
to  the  colonies  which  must  result  from  a failure 
of  that  industry,  and  to  the  fact  that  the  levy 
of  countervailing  duties  is  practically  the  only 
remedy  pressed  upon  us  by  the  witnesses  we 
have  examined  w’hich  rests  in  the  hands  of 
Your  Majesty’s  Government.” 

Let  us  examine  each  of  these  points. 

I.  77ie  loss  to  the  British  consumer  which 
would  result  from  any  rise  in  the  price  of 
sugar. — This  would  be  a valid  argument 
against  the  abolition  of  bounties,  which— 
however  brought  about — w’ould  of  course  raise 
the  price  of  sugar  to  the  same  extent  as  the 
countervailing  duty  ; but  Sir  E.  Grey  and  Sir 
D.  Barbour  strongly  urge  that  bounties  should 
if  possible  be  abolished.  Again,  they  profess 
doubts  whether  countervailing  duties  would 
raise  the  price  of  sugar  permanently  (para- 
graphs 73-74)  ; but,  if  it  did,  they  agree  (para- 
graph 70)  that  “ on  the  wEole  w’e  think,  as  we 
have  already  indicated,  that  the  loss  to  the 
British  consumer,  if  it  were  the  only  matter  to 
be  considered,  might  reasonably  be  accepted 
in  view  of  the  importance  of  removing  the 
disadvantage  under  wEich  the  West  Indian 
producers  at  present  labour.”  And,  in  para- 
graph 51,  they  agree  to  an  even  stronger 
expression  of  opinion,  viz.,  “the  benefit  which 
the  British  Empire  as  a whole  derives  from 
any  lowering  of  the  price  of  sugar  due  to 
the  operation  of  the  bounty  system  is  too 
dearly  purchased  by  the  injury  which  that 
system  imposes  on  a limited  class,  namely, 


Your  Majesty’s  West  Indian  and  other  sub- 
jects dependent  on  the  sugar  industry.” 

2.  The  Ltconvenience  to  Trade. — I can 
speak  with  some  experience  of  sugar  duties, 
and  I do  not  hesitate  to  say  this  is  a myth. 
For  some  25  years  after  I w’ent  into  business, 
heavy  duties  were  levied  on  sugar,  and  no 
inconvenience  whatever  was  found.  Moreover, 
it  is  obvious  that  countervailing  duties  would 
never  actually  come  into  force.  Once  let  the 
Queen  in  Council  have  power  to  impose  counter- 
vailing duties,  and  bounties  will  at  once  dis- 
appear. A moment’s  consideration  must  make 
this  obvious.  Why  are  bounties  given  ? No 
one,  I presume,  is  so  naive  as  to  imagine  that 
it  is  to  benefit  us.  They  are  given  solely  with 
a view  to  give  the  industries  receiving  them 
an  artificial  advantage  over  their  competitors 
in  the  open  markets  of  the  world ; and  the 
open  markets  of  the  world  are  now  synonymous 
with  the  markets  of  Great  Britain  and  Ireland 
and  her  colonies  and  dependencies.  If  this 
artificial  advantage  were  removed,  or  even  if 
we  made  it  clear  that  we  intended  to  remove 
it,  it  would  at  once  disappear.  It  is  out  of  the 
question  to  suppose  that  foreign  Governments 
would  continue  to  give  bounties  if  their  only 
effect  were  to  relieve  the  British  taxpayer  by  a 
contribution  to  the  British  revenue. 

3 . The  tincertainty  whether  such  a measure 
would  permane7itly  save  the  sugar  indust7y 
of  the  TVest  Tidies. — This  is,  of  course,  a 
matter  of  opinion.  Let  us  see  what  the 
unanimous  opinion  of  the  Commissioners 
themselves  is  on  this  point.  In  paragraph  54 
they  say  : — 

“ So  far  as  we  are  able  to  form  a judgment  on  the 
question,  we  are  of  opinion  that  the  abolition  of  the 
bounty  system  on  the  Continent  would  render  it 
possible,  under  present  conditions,  to  maintain  profit- 
ably a large  proportion  of  the  present  area  of  sugar- 
cane cultivation.” 

There  is  really  no  doubt  about  it  at  all.  The 
price  at  which  sugar  can  be  produced  in  the 
West  Indies  is  well  within  the  price  at  which 
the  British  consumption  can  be  provided  for 
under  Free  Trade. 

4.  The  inexpediency  of  raising  questions 

connected  with  the  favoured  iiation  clause. — • 
This  is  a legal  question,  and  must  be  con- 
sidered. In  1879  opinion  of  Prof. 

Sheldon  Amos  and  Mr.  Shepheard  on  this 
point,  and  this  is  the  conclusion  they  came 
to — the  whole  of  the  opinion  is  too  long  to 
quote  here.  After  defining  the  term  bounty 
they  say  : — 
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“ An  exporter  from  a foreign  country  receiving 
such  a bounty  becomes  an  importer  into  this  country, 
possessing  a tariff  or  fiscal  advantage  over  other 
importers  not  enjoying  a bounty.  This  seems  such 
an  obvious  economic  consequence  that  we  are  entitled 
to  assume  it  as  such  without  discussing  purely  eco- 
nomic points. 

“ Although  this  tariff  advantage  is  not  created  by 
the  importing  State,  yet  it  can  only  be  enjoyed  by  the 
foreign  exporter  upon  sufferance  of  the  importing 
State,  therefore  such  tariff  advantage  virtually  de- 
pends upon  the  negative  action  of  the  importing 
State. 

“ We  also  assume  that  the  counter^’ailing  duty  to 
which  our  opinion  is  to  apply,  is  a duty  which  shall 
correspond  in  amount  to  the  bounty  as  defined.  We 
further  assume  that  if  such  a bounty  as  defined  is  met 
by  such  a duty  as  defined,  the  importer  enjoying  such 
a bounty,  but  liable  in  consequence  to  such  a duty, 
is  thereby  in  no  different  fiscal  position  to  an  importer 
enjoying  no  bounty  and  paying  no  duty.” 

They  then  take  our  commercial  treaty  with 
Austria,  which  contains  the  usual  favoured- 
nation  clause,  and,  after  quoting  this,  they 
say  : — 

“ The  result,  then,  of  these  respective  obligations 
can  only  be  obtained  by  the  produce  of  each  of  the 
several  exporting  countries  being  admitted  on  terms 
of  fiscal  equality  into  this  country.  If,  therefore,  one 
of  such  exporting  countries  destroys  this  equality  by 
giving  a fiscal  advantage,  which  it  is  within  the  power 
of  this  country  to  neutralize,  w’e  consider  that  the 
interpretation  of  this  clause  would  favour  rather  than 
preclude  the  exercise  of  such  power. 

“ Independently  of  all  treaties,  each  countiy  has 
full  powder  to  deal  with  importations  from  other 
countries  on  any  terms  it  pleases,  to  exclude  some 
and  to  favour  others.  The  favoured-nation  clause  is 
a restriction  upon  this  power,  in  order  to  bring  about 
equality  of  fiscal  conditions  between  the  importers 
from  either  treaty  Power  and  importers  from  third 
countries  into  the  territories  of  the  other  treaty  Power. 

“ Moreover,  it  is  clear  that  the  articles  of  a treaty 
of  commerce  are  directed  to  the  interests  of  classes  of 
the  subjects  of  the  respective  sovereign  Powers  in 
their  several  characters  as  importers,  exporters,  &c. 
Therefore,  the  injurious  operation  of  any  State  tariffs 
or  fiscal  arrangements  upon  importers,  exporters,  &c., 
in  their  respective  characters  as  such,  raises  a proper 
(juestion  under  the  treaty.  And,  in  our  opinion,  it  is 
not  the  less  a treaty  question  because  it  may  happen 
that  the  fiscal  action  which  prejudices  some  one  class 
of  citizens  in  their  treaty  characters  may  benefit  some 
other  class.  Therefore,  we  are  of  opinion  that  imports 
of  sugar  into  this  country  may,  without  contravening 
the  favoured-nation  clauses  of  existing  commercial 
treaties,  be  distinguished  as  to  countries  of  origin 
wherein  bounties  on  export  are  or  are  not  obtainable, 
and  a countervmling  duty  levied  on  sugar  imported  from 
countries  where  export  bounties  are  obtainable,  whilst 


sugar  from  all  other  countries  is  admitted  duty  free. 
This  construction  is  consistent  with  the  fact  that  the 
Sugar  Convention  of  1864  between  Great  Britain, 
France,  Holland,  and  Belgium  contained  an  article 
admitting  the  principle  of  the  imposition  of  a 
differential  surtax  against  countries  not  parties  to 
that  convention  giving  export  bounties,  notwith- 
standing that,  at  the  date  of  that  convention,  this 
country  was  bound  by  treaty  with  Russia  to  admit 
her  products  at  ‘ no  other  or  higher  duties  than  are 
or  shall  be  payable  on  the  like  article,  the  growth, 
produce,  or  manufacture  of  any  other  foreign  country.’ 

“Moreover,  notwithstanding  such  article  in  the 
Convention  of  1864,  favoured-nation  clauses  w'ere 
contained  in  the  commercial  treaties  entered  into  dur- 
ing the  period  of  ten  years  for  which  that  convention 
was  in  force  ; and  such  favoured-nation  clauses  must 
be  held  as  subject  to  the  treaty  engagements  under 
which,  during  such  period.  Great  Britain  was  subject 
by  that  Convention  of  1864. 

“ In  conclusion,  we  beg  to  state  that  our  opinion  is 
based  upon  the  broad  principle  that  equality  of  fiscal 
condition,  as  betw'een  either  treaty  Pow'er  and  any 
third  country  the  most  favoured  by  the  other  treaty 
Power,  is  the  object  of  favoured-nation  clauses,  and 
that  the  one  who  destroys  such  equality  cannot 
appeal  to  the  treaty  against  the  Act  necessitated  to 
reinstate  that  equality. 

“ (Signed),  Sheldon  Amos,  of  the  Inner  Temple. 

“ Barrister-at-Law. 

“ (Signed),  Wallwyn  Poyer  B.  Shepheard, 

“ of  Lincoln’s  Inn. 

“ Barrister-at-Law.’' 

5.  The  danger  direct  and  indirect  of 
de^parting  from  our  settled  policy. — Now  I 
should  have  thought  that  if  we  have  a settled 
policy  in  this  country,  that  policy  w'as  Free 
Trade.  Is  there  any  pretence  on  the  part  of 
anyone  that  we  have  Free  Trade  in  sugar  as 
long  as  bounties  continue.  Even  Lord  Farrar 
admits  that  bounties  are  an  abomination,  and 
that  we  must  all  desire  their  abolition.  Once 
the  principle  of  countervailing  duties  is 
accepted  they  will  be  at  once  abolished,  and 
Free  Trade  wall  obviously  be  restored.  What 
is  Free  Trade  ? Is  it  not  the  absence  of  any 
artificial  advantage  to  one  producer  over 
his  competitor  ? In  this  case  it  is  true  the 
advantage  to  the  foreigner  is  given  by  foreign 
Governments,  but  it  operates  in  our  markets, 
and  we  are  responsible  for  permitting  it  to 
continue  to  the  injury  of  our  own  producers.  I 
confess  I am  utterly  at  a loss  to  comprehend 
the  frame  of  mind  of  those  w’ho  admit  that 
bounties  are  contrary  to  Free  Trade,  but  dub 
as  Protectionists  those  who  seek  to  remove 
them. 
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Now  I have  given  you  the  reasons,  I believe 
quite  faithfully  why  Sir  E.  Grey  and  Sir  D. 
Barbour  think  it  would  be  wiser  to  allow  the 
West  Indies  to  be  ruined  and  their  population 
of  some  2,000,000  persons  reduced  many  of 
them  to  a state  not  much  removed  from  starv^a- 
tion,  rather  than  impose  countervailing  duties, 
and  this  in  the  face  of  the  fact  that  they  urge 
Her  Majesty’s  Government  to  aim  at  the 
abolition  of  the  bounties,  although  condemning 
the  only  means  by  which  it  is  in  the  power  of 
Her  Majesty’s  Government  to  bring  about  this 
result. 

I have  now  taken  you  shortly  through  the 
history  of  the  sugar  bounty  question  as  it 
atfects  our  West  Indian  Colonies.  I am  not 
here  to-day  to  discuss  the  cases  of  Mauritius 
and  Queensland,  but  I may  say  that  they  also 
are  suffering  severely  from  the  same  cause  as 
the  West  Indies.  And  now  I wish  to  add  a 
few  words  as  to  the  effect  of  these  bounties  on 
our  home  interests. 

In  Mr.  Chamberlain’s  letter  to  the  Treasury 
there  is  one  statement  which  I venture  to  say 
is  very  largely  exaggerated.  In  paragraph  16 
Mr.  Chamberlain  says  : “ The  foreign  sugar 
bounties  have  been  and  are  at  present  of 
substantial  advantage  to  some  of  the  industries 
of  this  country.”  I maintain  that  this  is  an 
entirely  erroneous  assertion.  It  has,  however, 
been  so  frequently  stated  and  so  persistently 
put  forward  in  the  Press,  and  appears  on  the 
face  of  it  so  plausible,  that  Mr.  Chamberlain 
may  readily  be  forgiven  for  assuming  its 
correctness.  But  it  is  on  this  account  the 
more  important  that  its  fallacy  should  be 
exposed,  and  I therefore  ask  your  patience  to 
bear  with  me  for  a few  moments  whilst  I try  to 
make  this  clear  to  you. 

I may  at  once  say  that  I do  not  doubt  that 
the  lower  the  price  of  sugar,  so  much  the  better 
for  consumer,  whether  such  consumers  are 
manufacturers  or  not.  But  the  case  we  have 
to  deal  with  is  this.  Since  1884,  or  say  during 
the  last  thirteen  years,  there  has  been  a fall 
in  the  price  of  sugar,  speaking  in  round  figures 
of  about  ;^io  per  ton.  Of  this  fall  not  one 
penny  has  been  due  to  the  bounties.  The 
affect  of  bounties  on  the  price  of  sugar  must 
have  been  felt  long  before  1884,  and  it  is  the 
reduction  of  ;^io  per  ton  which  has  taken  place 
since  then  that  has  been  of  substantial  advan- 
tage to  our  jam  makers  : but  this  has  not  been 
due  to  bounties  except  in  so  far  that  if  bounties 
had  been  removed  in  the  meantime  the  fall 
would  probably  have  been  £()  instead  of  ;^io 
per  ton.  But  it  is  obvious  that  a question  of 


£i  per  ton  cannot  be  accurately  described  as 
a substantial  advantage  to  our  jam  and  con- 
fectionery trades.  In  connection  with  this 
phase  of  the  question  there  is  an  idea  that  the 
abolition  of  bounties  will  so  raise  the  price  of 
sugar  that  these  industries  will  be  seriously 
injured.  And  a portion  of  the  Press  has  got 
another  very  curious  idea,  viz.,  that  although 
these  industries  would  not  be  affected  by  a 
rise  of  price  due  to  the  abolition  of  bounties  if 
this  abolition  of  bounties  arose  from  the  spon- 
taneous action  of  foreign  Governments,  they 
would  be  fatally  injured  by  a similar  rise  in 
price  if  it  resulted  from  the  action  of  the  British 
Government  in  deciding  to  impose  counter- 
vailing duties.  Now,  I think  I need  hardly 
point  out  that  whether  bounties  are  abolished 
spontaneously  or  by  countervailing  duties,  the 
result  of  the  abolition  on  the  price  would  be 
absolutely  identical ; consequently,  the  effect 
on  the  industries  concerned  would  be  the  same 
in  either  case,  and  this  effect,  I am  now  going 
to  show  you,  would  be  nil. 

Let  m esay  a word  to  you  about  price  before 
I go  further.  A good  deal  is  said  in  the  Com- 
missioners’ report  on  this  subject ; but  it  is 
almost  impossible  to  understand  what  they 
really  intended  to  convey,  as  they  do  not  define 
anywhere  what  price  they  are  alluding  to. 
You  know  that  prices  vary  from  day  to  day, 
from  month  to  month,  and  from  year  to  year. 
Now,  to  an  industry  like  the  jam  industry  the 
price  that  concerns  them  is  the  average  price 
they  pay  over  a prolonged  period.  The  price 
that  this  industry  has  had  to  pay  for  sugar  on 
the  average  of  the  last  twelve  years  has  been 
on  the  basis  of  ^13  per  ton  for  what  is  called 
88  per  cent.  beet.  I will  explain  this.  There 
are,  of  course,  a variety  of  qualities  of  sugar, 
but  they  all  practically  rise  and  fall  together  in 
proportion,  and  beet  sugar  of  the  quality  known 
as  88  per  cent.,  being  one  of  the  qualities  most 
largely  dealt  in,  is  a convenient  basis  of 
measurement  upon  which  to  compare  the  rise 
or  fall  of  the  price  of  sugar  generally. 

Now  comes  the  question.  If  bounties  are 
abolished,  how  much  more  will  the  jam  makers 
have  to  pay  for  their  sugar  during  the  next 
twelve  years  ? The  Commissioners  practically 
admit  that  the  abolition  of  bounties  would  raise 
the  price  temporarily  by  about  £i  per  ton,  but 
then  arises  the  question — raise  it  from  what  ? 
Did  they  mean  from  £1^'^  Certainly  not. 
There  are  many  passages  in  this  Report  which 
clearly  prove  this.  I believe  that  what  they 
meant  was  that  the  abolition  of  bounties  would 
raise  the  price  of  sugar  £i  per  ton  above  the 
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price  then  ruling.  This  price  was  8s.  9d.  per 
cwt.  (L8  15s.  per  ton),  so  that,  if  I have  rightly 
construed  their  view,  the  jam  makers  would  in 
future  have  to  pay  9s.  9d.  per  cwt.,  or  ;^g  15s. 
per  ton  for  their  sugar.  I confess  I do  not 
agree  with  this  view  myself.  I should  have 
put  the  probable  future  price,  if  bounties  are 
removed,  at  ton,  and  this  is  the  view 

taken  by  our  practical  men  of  the  largest 
experience  in  the  sugar  industries  of  the  world. 
Now,  assuming  that  I am  right — and  remark 
that  the  Commissioners’  view  is  much  more 
favourable  to  my  argument  than  my  own — is  it 
likely  that  the  jam  makers  who  have  prospered 
to  an  extraordinary  extent  with  an  average 
price  of  sugar  of  _;^I3  per  ton  are  to  be  seriously 
injured  by  having  to  pay_;^ii  per  ton  in  the 
future  ? It  is  obvious  that  the  whole  contention 
is  erroneous.  But  let  us  be  just ; the  industries 
themselves  have  never,  so  far  as  I know,  put 
forward  such  an  absurd  proposition.  Not  very 
long  this  question  was  discussed  at  a special 
meeting  called  for  the  purpose  by  the  London 
Chamber  of  Commerce,  when  the  following 
resolution  was  passed,  no  opposition  being 
made  by  the  jam  makers: — “That  in  the 
opinion  of  this  meeting  foreign  State  bounties 
which  ‘ protect  ’ foreign  grown  and  foreign 
refined  sugar  in  British  markets  to  the  pre- 
judice of  British  home  and  colonial  industries, 
are  a violation  of  the  true  principles  of  Free 
Trade,  and  that  their  abolition  is  called  for  in 
the  true  interests  of  British  commerce.” 

There  was  at  this  meeting  a good  attendance 
of  representatives  of  the  jam  industry.  One  of 
them  stated  distinctly  that  a rise  of  or  J2 
in  the  price  of  sugar  would  make  no  difference 
to  their  trade,  and  no  one  disputed  this  asser- 
tion. This  ought  to  be  conclusive,  but  before 
leaving  this  point  I should  like  to  read  to  you  a 
letter  which  I received  in  May,  1889,  on  the 
subject  from  Messrs.  Keiller  & Sons,  the  well- 
known  jam  and  marmalade  makers. 

“As  large  consumers  of  sugar,  we  trust  the  efforts 
of  your  Association  will  succeed  in  spreading  the 
knowledge  of  facts  bearing  on  the  question  of  sugar 
bounties.  The  more  widely  these  are  known  and 
the  better  understood,  the  more  evident  will  it  appear 
that  the  abolition  of  bounties  would  not  injure  the 
fruit  growing,  fruit  preserving,  and  confectionery 
trades  of  this  country,  but  will  confer  a direct  benefit 
on  them  by  giving  them  an  ultimately  cheaper  as  well 
as  more  regular  and  more  reliable  supply  of  sugar. 
More  than  a year  ago  we  expressed  this  opinion  to 
Mr.  J.  Duncan,  and  subsequent  discussion  and  study 
of  the  question  have  served  to  confirm  it.  An  inter- 
national agreement  on  the  sugar  bounties  question 
would  be  a blow  to  bounties  of  all  kinds,  which  might  J 


be  applied  to  any  trade,  and  those  who  are  fortunate) 
enough  to  bring  negotiations  on  the  subject  to  a) 
successful  issue  will  merit  the  gratitude  of  the  working-i 
classes  as  well  as  the  manufacturers  and  merchants  of] 
the  country.” 

I wish  now  to  say  a word  as  to  the  supposed: 
gain  to  this  country  in  consequence  of  thesei 
bounties.  I hold  that  it  can  be  conclusively 
proved  that,  not  only  are  we  not  gaining,, 
but  that  we  are  losing  considerably  by  their 
operation.  Of  course,  I recognise  that  our 
consumers  of  sugar  are  benefiting  slightly 
by  the  bounties — I am  ready  to  admit  to  the; 
extent  of  ;^i  per  ton.  But  there  is  a good 
deal  to  be  set  against  this  on  the  other  side. 
Let  me  point  out  some  of  the  ways  in  which 
we  are  losing.  In  the  first  place,  there  is 
our  refining  industry,  and  it  is  not  difficult  to 
estimate  our  loss  here.  Up  to  the  year  1881,, 
84  per  cent,  of  our  total  consumption  of  sugar 
was  refined  in  this  country,  and,  but  for  the 
bounties,  there  is  no  reason  why  84  per  cent. 
of  our  present  consumption  should  not  still  bei 
refined  here.  In  this  case  our  refiners  would, 
now  be  turning  out  1,200,000  tons  of  refined 
sugar  annually,  instead  of  600,000  tons  as  they 
are  actually  doing.  The  cost  of  refining  is, 
roughly,  per  ton,  so  that  here  is  a loss  to 
the  country  of  ;^i,200,ooo  to  set  against  our 
gain  of  per  ton  on  1,500,000  tons  of  sugar, 
or  1, 500, 000. 

The  second  large  item  of  loss  to  which 
I may  call  your  attention  is  that  to  our 
engineering  industry,  and  it  arises  in  this 
way.  None  of  the  machinery  used  in  the 
production  of  beet  sugar  is  made  in  this 
country,  nor  are  any  of  the  breakages  or 
yearly  repairs  of  beet-sugar  machinery  made 
good  by  our  engineers.  All  the  beet-growing 
countries  are  fenced  round  with  such  a wall 
of  protection  that  this  is  impossible.  But,  in 
the  case  of  cane  sugar,  our  engineers  not  only 
make  almost  the  whole  of  the  machinery  used 
in  our  colonies,  but  largely  also  that  used 
in  foreign  cane-sugar  producing  countries — 
Brazil,  Cuba,  Porto  Rico,  Hawaii,  &c.  It  is 
naturally  impossible  to  put  a precise  figure 
upon  the  loss  which  thus  arises  through  the 
supplanting  of  cane  sugar  by  beet— it  may  be 
anything  from  ;^5 00, 000  to  ;^i,ooo,ooo,  but  it 
may  safely  be  said  that  ^500,000  per  annum  is 
within  the  mark. 

Then  there  is  a loss  to  our  shipowners,  dock  ) 
and  warehouse  keepers,  which  can  hardly  be  | 
less  than  another  ^^250, 000. 

Again,  there  are  the  losses  to  our  manure  I 
makers,  bag  makers,  cotton  spinners,  leather  | 
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makers,  manufacturers  of  supplies  of  all  kinds, 
amounting  in  all  to  a large  sum. 

Thus  we  have  on  the  one  hand  a gain  to  our 
consumer  of  1,500, 000,  and  a loss  to  our 

refiners,  manufacturers,  ship  owners,  &c.,  of 
;^i,950,ooo,  without  taking  into  account  the 
last  item  to  which  I have  alluded. 

Also  we  must  not  forget  that  these  bounties 
act  as  a tax  upon  the  West  Indies  and  Mauri- 
tius of  about  ;^c|oo,ooo. 

Again,  there  is  not  a doubt  that,  but  for 
these  bounties,  a large  sugar-growing  industry 
would  exist  in  this  country,  which  would  be  a 
great  alleviation  to  our  agricultural  industry. 
This  is  not  a speculative  conjecture.  Experi- 
ments have  been  carried  out  on  a conclusive 
scale  by  Professor  Schack  Sommer  and  others, 
which  have  proved  beyond  the  possibility  of 
doubt  that  sugar-beet  can  be  grown  of  fully 
equal  quality  and  quantity  per  acre  as  that 
grown  in  the  best  parts  of  Germany.  What 
the  loss  is  on  this  account  it  is  difficult  to  say 
precisely,  but  if  we  produced  even  50,000  tons 
of  beet  sugar  this  would  represent  a loss  of 
another  £^^00,000. 

I think  I have  shown  you  that  these  boun- 
ties are  no  gain  to  the  country  as  a whole,  and 
that  if  our  consumers  are  benefiting  by  them 
to  the  extent  of  1,500,000,  other  British 
interests  are  losing  by  them  to  a far  larger 
extent. 

Having  now  dealt  with  the  sugar  bounty 
question  as  it  affects  this  country  and  our  West 
Indian  Colonies,  let  us  very  shortly  consider 
the  question  from  the  continental  point  of  view. 
That  these  bounties  are  a heavy  strain  upon 
the  finances  of  the  countries  which  give  them 
is  obvious.  And  the  amount  contributed  by  the 
foreign  Governments  in  the  way  of  bounties  by 
no  means  represents  the  whole  cost  to  the 
foreign  taxpayer.  Take  the  case  of  Germany 
for  instance.  The  German  Government  pays  a 
bounty  of  25s.  per  ton  on  every  ton  of  sugar 
exported  from  Germany.  No  bounty  is  given 
by  the  Government  on  sugar  consumed  at 
home  ; but  it  is  obvious  that  the  man  in 
Germany  who  has  sugar  to  sell  will  not  sell  at 
home  if  he  can  get  a better  price  abroad,  so 
that  he  does  not  sell  his  sugar  for  home  con- 
sumption unless  the  home  consumer  is  prepared 
to  pay  him  a similar  bounty  to  that  granted  by 
the  Government  on  exportation. 

In  France  alone,  M.  Leroy  Beaulieu  estimates 
the  bounty  given  at  1 12,000,000 frs.,  equal  to 
about  ;^4, 500,000  sterling.  You  will  readily 
believe,  therefore,  that  the  bounty  system  is 
very  costly  and  very  burdensome.  Still,  this 


does  not  seem  to  have  produced  any  discontent, 
nor  has  there  ever  been  any  marked  indication 
that  this  consideration  was  likely  to  bring  about 
a cessation  of  the  system..  It  is  true  that  for 
the  last  few  years  there  have  been  decided 
indications  that  Germany  was  anxious  to  get 
the  whole  system  put  an  end  to  ; also  that  in 
1888  all  the  European  Governments  granting 
bounties,  except  France,  agreed  to  abandon 
bounties  under  certain  conditions.  But  quite 
recently  a new  factor  has  arisen  : the  United 
States  have  imposed  countervailing  duties. 
All  sugars  now  receiving  a bounty  have  to  pay 
a duty  equal  to  the  bounty,  in  addition  to  the 
ordinary  duty,  on  entering  the  United  States. 
This  has  been  a great  blow  to  the  system. 
Foreign  Governments  do  not  mind  giving 
bounties  with  the  object  of  stimulating  an 
industry,  but  it  is  very  galling  when  a bounty 
is  given  for  this  purpose  to  find  it  popped  into 
the  exchequer  of  another  nation  for  the  relief 
of  the  taxpayers  of  that  country.  Hence,  the 
foreign  Powers  generally  are  far  more  ready 
to  consider  the  question  of  the  abolition  of 
bounties  than  they  have  ever  been  before.  As 
regards  Belguim,  Holland,  Germany,  and 
Austria,  there  is  but  little  doubt  that  they  are 
quite  willing  to  abandon  their  bounties  provided 
these  are  abandoned  all  round.  France  is  the 
only  difficulty  in  the  way,  and  the  position  of 
France  is  peculiar.  The  cost  of  production  of 
sugar  in  France  is  higher  than  it  is  in  either 
Belgium,  Germany,  or  Austria,  and  hence  the 
sugar-producers  in  France  contend  that  it 
is  only  just  that  they  should  receive  a higher 
bounty  than  the  sugar  - producers  of  other 
countries.  This  is  a strange  doctrine  to  our 
ears,  but  economics,  as  you  know,  are 
viewed  from  a very  different  standpoint  on 
the  continent  to  that  from  which  they  are 
viewed  on  this  side  of  the  Channel.  As  a 
matter  of  fact,  the  French  producers  do 
enjoy  a far  higher  bounty  than  any  of 
their  European  competitors,  and  this  higher 
bounty  enables  them  to  compete  with  Germany 
in  British  markets.  The  bount}^  in  France  is 
about  ;^4  los.  per  ton,  and  in  Germany  £i  5s. 
per  ton.  It  is  obvious,  therefore,  that  if  all 
bounties  are  done  away  with,  France  will  find 
herself  crippled  in  her  competition.  Hence, 
France  so  far  is  only  walling  to  join  in  a 
convention  under  which  she  shall  be  allowed 
to  continue  to  grant  a bounty  of  £i  los.  or  £2 
per  ton,  whilst  all  the  other  Pow’ers  shall  be 
bound  to  abolish  their  bounty  in  toto.  You  no 
doubt  understand  that  there  is  no  question  of 
any  competition  in  any  of  the  European 
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markets.  These  are  all  rigidly  protected. 
The  struggle  between  the  European  bounty- 
giving countries  is  who  is  to  receive  the  largest 
artificial  advantage  in  the  British  markets  ; in 
other  words,  who  shall  receive  the  largest 
amount  of  protection  in  the  British  market.  It 
might  have  been  thought  that  when  it  became 
a question  of  protection  in  British  markets,  the 
Cobden  Club  and  our  Free  Trade  friends 
might  have  had  a word  to  say,  and  so  they 
have,  and  a very  curious  word  it  is.  We  must 
not  listen  to  any  idea  of  protection  to  a British 
industry  in  British  markets,  they  say,  but  we 
have  no  objection  to  protection  if  it  is  a foreign 
industry  which  is  protected  by  Foreign  Govern- 
ment, and  it  is  part  of  our  settled  Free  Trade 
policy  to  connive  at  this  protection.  Is  not 
this  reducing  all  Free  Trade  principles  to  a 
mockery  ? 

But  there  is  a party  in  France,  and  a strong 
party,  which  takes  a longer-sighted  view  of 
the  question  than  the  sugar-growers.  They 
say  bounties  are  unsound,  and,  in  so  far  as 
they  tend  to  create  an  industry  which  depends 
upon  a foreign  market — a market  in  which  the 
industry  could  not  compete  without  the  bounty, 
they  consider  that  it  is  building  a house  upon 
sand  which  must  sooner  or  later  collapse. 
They  point  out  that  the  huge  internal  duty 
which  is  necessitated  by  these  bounties  is 
stifling  home  consumption,  and  that  the  really 
sound  course  would  be  to  abolish  the  bounties 
and  to  largely  reduce  the  internal  duty,  and 
that  this  policy  would  so  stimulate  the  home 
consumption  as  to  render  the  industry  very 
soon  altogether  independent  of  foreign  markets. 
M.  Leroy  Beaulieu  is  the  able  exponent  of  this 
view,  and  my  belief  is  that  it  will  be  found  to 
be  the  view  of  the  majority  in  France.  It  is 
further  urged  that  if  Her  Majesty’s  Govern- 
ment would  announce  its  intention  of  proposing 
countervailing  duties  in  the  event  of  the  Con- 
ference which  is  about  to  take  place  not 
coming  to  a satisfactory  convention  for  the 
abolition  of  bounties,  such  an  announcement 
would  certainly  ensure  a satisfactory  result.  In 
fact,  such  an  announcement  on  the  part  of  the 
Government  would  at  once  bring  about  a 
solution  of  the  question.  Practically  every 
other  means  have  been  tried,  and  have  failed. 
Unless  and  until  our  Government  is  prepared 
to  take  up  a firm  attitude  I fear  that  negotiation 
will  lead  to  no  result. 

I have  now  described  to  you  very  shortly  the 
effects  which  these  bounties  have  had  upon 
our  colonies,  upon  the  mother  country,  and 
upon  the  Continent,  and  whichever  way  we 


look  at  them  they  appear  to  be  mischievous 
in  the  highest  degree.  On  the  Continent 
the  advantages  to  the  industry  receiving 
them  are  materially  less  than  the  cost  to  the 
taxpayer  granting  them  ; in  this  country  the 
gain  to  the  consumers  of  1,500, 000  is  dearly! 

purchased  by  the  loss  of  some  £2,000,000  to| 
;^3,ooo,ooo  to  the  large  industries  of  thisj 
country.  Finally,  in  those  of  our  colonies 
affected  by  them  they  threaten  widespread 
ruin.  Surely  Lord  Farrer  did  not  use  too| 
strong  a word  when  he  called  bounties  an 
abomination.  What  is  so  strange  is  Lord 
Farrer’ s insistance  of  our  toleration  of  this, 
abomination. 

Allow  me,  in  conclusion,  to  quote  a para-i 
graph  from  an  article  in  the  Chamber  oj 
Co77imerce  journal  dealing  with  bounties. 
It  says  ; — 

“ Bour.ties  involve  a direct  breach  of  every  canon  of 
free  trade  ; but  they  are  something  even  worse  than 
this,  for  they  carry  the  war  right  into  the  enemy’s) 
camp.  The  bounty,  like  a live  shell,  is  not  intended) 
for  effect  except  in  the  enemy’s  quarters.  It  is  an  act', 
of  war.  It  places,  and  is  intended  to  place,  a foreign, 
commodity  in  a neutral  market  at  a lower  price  than 
the  native  or  the  ‘ natural  ’ commodity.  The  effect 
would  be  the  same  if  the  bounty-giving  Power  should 
compel  the  authorities  of  the  market  to  place  a tax 
on  all  similar  commodities,  but  leave  their  own  to 
enter  free.” 

The  result  of  the  bounty  system  is  a crucial 
instance  of  the  mischief  arising  from  our  de- 
parture from  the  true  principles  of  Free  Trade. 
It  is  idle  to  pretend  that  we  are  free  from 
blame  or  responsibility  in  the  matter.  We 
have  deliberately  tolerated  this  rampant  system 
of  protection  in  our  own  markets  under  the 
erroneous  belief  that  we  were  benefiting  by 
doing  so.  Apart  from  the  claims  of  justice, 
we  have  departed  from  the  doctrines  of  Cobden 
and  of  all  the  leading  economists  under  whose 
teaching  we  adopted  Free  Trade  some  50  years 
ago.  A new  Cobden  is  now  wanted  to  lead 
us  back  to  the  only  sound  principle — that 
principle  which  Ricardo  taught  us  as  the  only 
true  one,  viz.,  that  “ Perfect  equality,  perfect 
justice,  and  perfect  security  are  the  only  as 
they  are  the  infallible  means  of  securing  the 
greatest  amount  of  prosperity  to  all.” 


DISCUSSION. 

The  Chairman,  in  mo\dng  a vote  of  thanks  to 
Mr.  Nevile  Lubbock,  said  the  greatest  advocate  of 
bounties  would  admit  that  the  paper  had  been  a fair 
and  just  presentation  of  the  case  against  them.  He 
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ventured  to  say  there  was  no  one  in  that  room  who 
had  heard  it  who  should  not  willingly  join  in  the 
denunciation  of  bounties.  Those  in  this  country 
who  were  devout  believers  in  free  trade  necessarily 
believed  that  free  trade  was  as  much  attacked  by 
artificial  stimulants  of  industry  as  it  was  by  artificial 
impediments.  No  definition  of  free  trade  could  be 
correct  which  did  not  realise  that  it  consisted  in  the 
natural  flow  of  commerce,  unaided  and  unimpeded 
in  its  proper  channel.  They  had  to  thank  Mr. 
Lubbock  for  a very  interesting  history  of  those 
colonies  to  which  he  had  particularly  referred.  He 
was  soiTy  to  add,  as  Mr.  Chamberlain  said 
yesterday  in  the  House  of  Commons,  that  it  was  not 
creditable  to  history.  If  they  took  the  case  of 
Dominique,  of  which  they  had  been  in  possession  for 
over  100  years,  they  could  not  say  that  they  had  done 
anything  to  promote  the  prosperity  of  the  island,  or 
the  great  well-being  of  its  inhabitants.  That  was  a 
great  reflection  upon  this  countiy,  and  he  was  glad 
that  Mr.  Chamberlain  had  realised  the  duty,  not  only 
of  national  development,  but  had  widened  the  scope 
of  the  application  of  that  doctrine  by  teaching  the 
duty  of  Imperial  development.  Their  position  in  the 
case  of  Dominique  was  as  bad  as  any  class  of  absentee 
landlords  who  drew  means  from  property,  and  never 
realised  its  duties,  who  exercised  its  rights,  but 
thought  it  had  no  obligations.  These  persons 
committed  a great  economic  mistake.  These  doctrines 
might  be  applied  to  nations  as  well  as  to  individuals. 
When  proposals  were  made  to  develop  our  great 
colonial  estates,  as  well  as  to  expand  the  Empire 
generally,  and  when  the  development  took  the  form, 
as  was  proposed,  of  making  roads,  it  seemed  they 
were  fulfilling  an  obligation  of  the  very  highest 
character.  Everj’one  knew  what  the  advantage  of 
good  roads  had  been  in  their  own  country,  and  how 
much  they  were  valued  by  the  localities  in  Ireland. 
In  the  case  of  Scotland,  he  might  be  permitted  to 
quote  the  couplet — 

“ Had  you  but  seen  these  roads  before  they  were  made, 
You’d  have  held  up  your  hands  and  blessed  General 
Wade.” 

They  had  to  face  the  problem,  what  should  be  done 
to  remedy  this,  because  some  remedy  was  obviously 
required.  He  would  not  follow  Mr.  Lubbock  into 
the  difficult  and  perhaps  arguable  question  of  the 
imposition  of  countervailing  duties.  No  one  could 
rightfully  avail  himself  of  the  profits  derived  from 
bounties,  except  from  the  most  selfish  standpoint.  He 
was  not  aware  that  it  was  proposed  as  a practicable 
measure  to  enact  those  duties,  and  if  it  were  it  would 
iead  to  a careful  discussion  of  the  whole  subject,  and 
of  the  economical  basis  of  it  in  the  House  of  Commons. 
But  certain  things  were  proposed  with  which  one  must 
thoroughly  agree  ; for  instance,  grants  in  aid — whether 
they  were  to  be  called  mere  doles  or  not,  was  unim- 
portant— were  urgently  called  for  to  meet  certain 
deficits  in  some  of  the  islands.  These  grants  had 
been  given  to  various  branches  of  the  United  King- 


dom. Last  session,  or  the  session  before.  Parliament 
made  a distinct  grant  in  aid  of  a railway  on  the  west 
coast  of  Scotland,  and  if  that  could  be  done  for  parts 
of  the  United  Kingdom,  it  seemed  that  a similar 
claim  might  be  set  up  for  other  parts  of  the  Empire 
which  formed  the  poorer  parts  in  the  Imperial  frame. 
In  any  such  proposal  he  thought  the  House  of 
Commons  w'ould  probably  readily  concur.  The 
only  doubt  he  had  in  his  mind  w’as  whether  they 
would  be  as  great  a benefit  as  if  they  took  the 
form  of  loans.  To  make  loans  to  islands,  many 
of  which  had  actual  deficits,  might  be  regarded  in 
some  measure  as  not  only  unwise,  but  almost  an 
irony.  On  the  other  hand,  grants  given  in  aid 
merely  had  not  only  the  disadvantages  of  want  of 
economy  in  administration,  but  they  were  liable  to 
produce  lethargy  on  the  part  of  those  who  received 
them.  Loans  for  the  development  of  public  works 
carried  with  them  the  stimulus  to  public  exertion  in 
order  that  repayment  might  be  met.  Those  were  all 
forms  in  which  relief  could  be  given.  Having  care- 
fully read  the  report  of  the  Commission,  he  was  sony 
to  hear  so  distinct  a condemnation  of  encouraging 
varying  forms  of  industry.  He  should  be  the  last  to 
supplant  sugar  planting  ; but,  on  the  other  hand,  he 
had  often  obseired  towns  and  communities  which  were 
very  apt  to  suffer  from  the  existence  of  one  staple  form 
of  trade.  If  that  trade  was  overtaken  by  calamity  or 
by  the  advance  of  science — and  it  was  within  the 
bounds  of  possibility  that  the  artificial  production  of 
sugar  from  its  component  elements  was  not  beyond  the 
reach  of  science  ultimately — disaster  was  the  result. 
Under  favourable  circumstances,  and  without  anything 
in  the  shape  of  artificial  stimulation,  if  you  could 
combine  other  industries  in  the  islands,  it  would  be 
a benefit,  and  would  go  to  remedy  the  great  dis- 
advantages under  which  the  islands  lie.  But  they 
had  to  deal  with  the  facts  of  to-day,  and  on  that 
point  it  was  conclusive  that  they  must  deal  with  the 
sugar  industry.  Therefore,  in  obedience  to  not  only 
sympathy,  but  also  to  economic  principles,  and  deal- 
ing with  the  subject  economically,  it  seemed  to  him 
that  the  proposals  of  the  Colonial  Secretar}’  to  make 
grants  in  aid  of  the  condition  of  many  of  these 
islands  was  to  be  entirely  approved,  and  that  they  had 
no  alternative  but  to  support  that  ministerial  course 
of  action.  While  he  had  ventured  to  express  doubts 
on  certain  points,  he  was  sure  they  were  all  in- 
debted to  Mr.  Lubbock  for  bringing  before  them 
in  a condensed  and  in  a very  striking  manner  the  facts 
of  the  situation,  and  no  one  could  have  listened  to 
the  paper  without  realising  the  cogency  of  his 
argument,  and  the  strength  of  the  points  which  he 
had  so  ably  put  forward.  He  {the  Chairman) 
confessed  that  on  certain  of  them  his  former  doubts 
had  been  removed,  and  he  hoped  everyone  would 
be  moved  both  by  sympathy  and  judgment  to  give 
the  best  consideration  to  the  condition  of  these 
old  colonies,  and  to  do  all  they  possibly  could  on 
economic  and  proper  grounds  to  relieve  the  position 
in  which  they  were  most  unfortunately  placed. 
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]\Ir.  Edward  Packard  said  he  was  sure 
every  member  of  that  Society  and  the  public 
at  large  w'ould  equally  join  in  thanking  Mr. 
Lubbock  for  the  way  in  which  he  had  dealt 
■with  this  matter.  What  the  English  public 

Avanted  Avas  to  have  the  facts  of  such  an  intricate 
case  placed  clearly  before  them.  The  British 
instinct  of  fair  play  Avas  so  imbued  in  the  public 
mind  that  there  Avas  no  fear  that  Avhen  English- 
men saAv  the  injustice  which  was  being  done 
to  this  great  industry,  they  Avould  support  any 
Government  that  took  measures  to  place  it  in  the 
position  it  ought  to  occupy,  viz.,  a position  of  free 
trade.  Speaking  from  a somewhat  lengthy  know- 
ledge of  the  West  Indian  Islands,  he  might  say  that 
all  they  asked  for  was  the  same  facility  to  carry  on 
business  that  other  nations  possessed.  They  did  not 
ask  for  any  privilege  or  bounty ; they  merely  asked 
not  to  be  placed  at  a disadA^antage.  If  they  AA^ere 
placed  in  a position  to  compete  fairly  with  other 
nations,  they  could  compete  successfully  with  them. 
If  bounties  were  removed,  they  were  quite  as  capable 
of  producing  beet  sugar  in  this  country  as  Belgium. 
The  agriculturists  of  England  Avere  prevented  by  this 
iniquitous  system  which  Avas  imposed  upon  them  by 
foreign  countries  from  carrying  on  a national 
industry  in  the  cultivation  of  beet,  which,  from 
experiments,  had  been  successfully  shoAvn  to  be 
capable  of  being  carried  on.  It  had  been  said  by 
some  Avho  did  not  understand  the  question  that 
the  people  in  the  West  Indies  Avere  behind  the 
times,  that  their  machinery  Avas  antiquated,  and  that 
scientific  methods  were  not  adopted  as  on  the  con- 
tinent ; but  this  was  entirely  untrue.  In  Mauritius 
and  Queensland,  they  had  some  of  the  finest 
machinery  possible,  and  the  best  scientific  aids  Avhich 
could  exist  in  any  part  ot  the  world,  in  addition 
to  Avhich  they  Avere  capable  of  producing  sugar  at 
the  loAvest  possible  cost.  It  was  said: — “Why  do 
you  cany  on  the  antiquated  system  which  exists 
in  Jamaica  and  Barbadoes } ” He  thought  they 
should  not  look  contemptuously  at  the  old  methods 
as  they  had  advantages  which  were  perhaps  not 
recognised.  In  Jamaica  they  had  a speciality  for  a 
]:>articular  kind  of  rum,  Avhich  could  not  be  produced 
if  modern  methods  Avere  adopted  for  making  sugar. 
He  thought  they  Avere  all  thankful  to  Mr.  Lubbock 
for  pleading  on  behalf  of  the  colonies  that  there 
should  be  a thorough  discussion  throughout  the 
Avhole  country,  and  in  Parliament,  upon  this  great  and 
important  question.  If  the  question  went  clearly  before 
the  British  public,  and  was  thoroughly  discussed,  the 
great  injustice  from  which  the  sugar  industry  was  suffer- 
ing would  be  removed.  It  could  not  be  to  the  interest 
of  the  different  islands  to  receive  a mere  dole  from 
England. 

Miss  Webster  said  the  great  difficulty  Avhich  many 
persons  experienced  was  that  of  obtaining  cane  sugar, 
and  she  suggested  that  some  measure  should  be  intro- 
duced into  Parliament  Avhereby  it  might  be  made  a 


penal  offence  to  sell  any  sugar  as  cane  sugar  Avhich 
was  not.  Beet  sugar  had  nothing  like  the  sweetening 
properties  that  cane  had,  nor  had  it  the  property  of 
keeping  preserves.  She  thought  it  AA'ould  be  an 
advantage  to  the  colonies  if  they  could  sell  their 
product  as  cane  sugar,  and  those  Avho  Avished  to 
purchase  it  as  such  could  do  so,  even  if  the  price  Avere 
somewLat  higher  than  beet. 

The  Chairman  said  he  Avas  not  sure  that  a sale  of 
beet  sugar  as  cane  Avould  not  come  Avithin  the  Food 
and  Drugs  Act,  but  it  certainly  Avould  be  a civil  wrong 
for  AA'hich  redress  could  be  obtained  at  laAv. 

The  resolution  having  passed  unanimously, 

Mr.  Nevile  Lubbock  said  he  might  perhaps  be 
permitted  to  remove  one  misapprehension  from  the 
mind  of  the  Chaii-man  Avith  regard  to  the  minor 
industries.  What  he  read  Avas  a quotation  from  the 
Commissioner’s  Report.  He  did  not  express  any 
opinion  of  his  OAvn.  Alternative  industries  had  never 
been  lost  sight  of.  He  did  not  suppose  anyone  had 
done  so  much  to  start  other  industries  as  the  sugar 
people  had  done,  and  in  some  instances  they  had 
succeeded,  but,  unfortunately,  in  others  they  had 
failed.  He  remembered  on  one  occasion  hearing  a 
paper  read  at  the  Colonial  Institute,  in  Avhich  some 
elaborate  calculations  Avere  made  to  shoAv  that  anyone 
laying  out  capital  upon  the  cultivation  of  quinine  in 
Jamaica  Avould  in  the  course  of  a feAv  years  reap  a 
larger  income,  but  this  calculation  was  based  on 
quinine  being  3s.  an  ounce.  Unfortunately,  some 
gentlemen  did  invest  their  money  upon  this  recom- 
mendation, but  by  the  time  the  quinine  reached 
London  the  price  had  fallen  to  is.  The  same 
remark  Avas  applicable  in  the  case  of  arroAAUoot,  AA’hich 
Avas  groAvn  in  St.  Vincent.  In  the  case  of  a large 
staple  like  sugar,  there  would  ahvays  be  a large 
demand  for  it.  In  going  into  minor  industries  one 
ran  the  risk  of  reducing  the  price  by  SAvamping  the 
market.  There  Avas  a good  deal  in  the  suggestion 
Avhich  had  been  made  by  Miss  Webster.  Some  four 
or  five  years  ago,  in  giving  eAudence  before  a Com- 
mittee of  the  House  of  Commons,  he  suggested  that 
ever}"  grocer  should  be  forced  to  sell  sugar  as  cane, 
beet,  or  mixed,  but  the  committee  did  not  make  the 
recommendation.  As  a rule  committees  had  rather 
an  objection  to  interfering  Avith  shopkeepers.  At  the 
present  time  there  was  a large  sale  of  beet  sugar, 
which  Avas  coloured  Avith  aniline  dye  that  Avas  sold  as 
Demerara.  Demerara  sugar  haAing  a great  reputa- 
tion, some  refiners  thought  there  Avas  a splendid 
opportunity  to  imitate  it,  and  accordingly  they  got 
Avhite  beet  and  coloured  it ; but  it  had  been  found 
very  difficult  to  get  a conviction.  Several  shop- 
keepers had  been  brought  up  under  the  Food  and 
Drugs  Act,  and  some  convictions  had  resulted,  but 
OAving  to  the  curious  language  of  the  Act  Avhich  pro- 
vided that  it  must  be  shoAvn  that  the  article  Avas 
“ not  of  the  nature  and  substance  demanded,” 
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magistrates  as  often  as  not  refused  to  commit.  If  it 
could  be  made  compulsory  to  sell  cane  sugar  as  such 
and  beet  as  beet,  the  cane  sugar  industry  would  be 
materially  benefited. 


SIXTEENTH  ORDINARY  MEETING. 

Wednesday,  March  30,  1898;  J.  W.  SwAN, 
F.R.S.,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Arthur,  Allan,  7/1,  Lyons-range,  Calcutta,  India. 
Hodgkin,  Thomas,  Banlc,  Ne\vcastle-on-Tyne. 

James,  John  Herbert,  3,  King’s-bench-walk,  Temple, 

E.C. 

Lyon,  Brigade  - Surgeon  - Lieut.  - Col.,  Isidore  B., 
C.I.E.,  164,  Sutherland-avenue,  W. 

Stevens,  H.  W.,  3,  Hastings-street,  Calcutta,  India. 
Storrar,  David,  -Kirkcaldy,  Fife,  N.B. 

The  following  candidates  were  balloted  for 
and  duly  elected  Members  of  the  Society  : — 

Alward,  George  Lowe,  ii,  Hainton-street,  Grimsby. 
Barrington  - Baker,  Lieut. -Colonel  Robert,  Royal 
Naval  Ordnance  Depot,  Plymouth. 

Bowman,  Rev.  Arthur  H.,  48,  Foxgrove-road,  Becken- 
ham, Kent. 

Edmonds,  Frederic  Beniard,  6,  Clement’s-inn,  W.C. 
Grice,  Walter  T.,  9,  Dalhousie-square,  Calcutta, 
India. 

The  paper  read  was — 

TELEGRAPHY  ACROSS  SPACE. 

By  Silvanus  P.  Thompson,  F.R.S. 
There  is  no  such  thing  as  wireless  tele- 
graphy. True,  one  can  send  signals  for  a 
distance  of  a yard  or  tw’O  without  any  wires, 
but  in  all  the  recent  successful  attempts  to 
telegraph  across  space,  whether  by  electric 
waves  or  by  other  means,  wires  are  used. 
They  do  not,  indeed,  run  from  the  sending 
station  to  the  receiving  station,  but  are  used 
as  base-lines.  For  example,  in  the  case  of  the 
longest  distance  yet  reached  in  telegraphing 
by  electric  waves — thirteen  miles  over  open 
country — the  maximum  distance  attained  in 
the  recent  experiments  of  Professor  Slaby,  the 
length  of  the  wires  used  as  base-lines  at  each 
end  w’as  nearly  1,000  feet.  As  will  he  seen,  in 
every  case,  wires  or  their  equivalent  are  used 
to  serv^e  either  as  base-lines  or  as  base-areas 
in  the  transmission. 

Setting  aside  the  mediaeval  myth  of  a sym- 
pathetic magnetic  telegraph  with  two  mere 
compass-needles  to  point  to  letters  ranged 
around  a dial,  there  are  three  generic  methods 


by  which  it  has  been  found  possible  to  signal 
across  space  without  any  directly  com- 
municating wire  or  cable.  These  may  be 
conveniently  classified  as  follows  : — • 

1.  Conduction  methods. 

2.  Induction  methods. 

3.  Wave  methods. 

I.— Conduction  Methods. 

These  methods  depend  upon  the  use  of  water 
or  earth  as  a means  of  conducting  a fraction  of 
the  electric  currentfrom  the  base-line  at  the  send- 
ing end  to  the  base-line  at  the  receiving  end. 

From  the  earliest  days  of  telegraphy  it  has 
been  a familiar  fact  that  either  earth  or  water 
might  serve  as  a return  circuit  for  an  electric 
current  ; and,  under  certain  circumstances, 
that  signals  could  be  sent  even  with  an 
absolute  gap  in  the  metallic  line,  if  there 
were  provided,  by  means  of  earth  or  w’ater, 
a sufficiently  good  path  to  enable  current  in 
adequate  amount  to  be  received  beyond  the  gap 
in  the  line.  This  method  has  sometimes  been 
called  the  leakage  method,  since  it  depends 
upon  the  circumstance  that  electric  currents 
flowing  in  a conducting  medium  such  as  w’ater, 
or  moist  earth,  do  not  flow  exclusively  or  even 
mainly  along  the  path  of  least  resistance, 
but  spread  out,  some  flowing  along  paths  of 
greater  resistance.  If  current  enters  a conduct- 
ing stratum  at  any  point  by  a single  electrode, 
A,  and  leaves  it  at  some  other  point  by  another 
suitable  electrode,  B,  some  of  the  current  will 
certainly  flow^  straight  from  A to  K ; yet  the 
greater  part  will  not  so  flow',  but  will  stream 
around  from  A to  B in  long,  curving  paths.  If 
then  tw'o  other  electrodes,  c and  D,  are  inserted 
in  one  of  these  stream-paths  at  a distance 
from  A and  B,  some  of  the  current — perhaps 
only  a small  percentage  of  it — may  be  picked 
up  by  a metallic  line  joining  c to  D.  Hence  it 
is  possible,  using  AB  as  a sending  base-line, 
to  signal  to  c D as  a receiving  base-line  at  a 
distant  place.  The  only  limits  to  this  method  of 
telegraphy  across  space  are  (i)  the  strength  of 
the  original  currents  used  in  the  sending  base- 
line A B ; (2)  the  sensitiveness  of  the  apparatus 
used  in  the  receiving  base-line  CD;  (3)  the 
ratio  between  the  space-distance  from  A B to 
C D and  the  lengths  of  the  tw’o  base-lines.  This 
system  of  telegraphing  across  space  has  been 
proposed  at  various  times.  It  has  been  used 
by  Mr.  Preece  in  several  of  those  many 
experiments  which  he  has  made  from  time  to 
time,  and  which  will  entitle  him  to  be  regarded 
as  one  of  the  foremost  pioneers  in  this  entire 
branch  of  telegraphic  enterprise. 
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Morse  himself — as  recorded  in  Vail’s  early 
work  on  Telegraphy — worked  at  this  subject, 
and  made  experiments  in  1842  on  the  Susque- 
hanna river,  about  a mile  wide.  He  engaged 
Professor  Gale  to  investigate  the  best  condi- 
tions, and  came  to  the  conclusion  that  the 
base-lines  should  be  three  times  as  long  as 
the  distance  to  be  crossed.  Mr.  Dering, 
an  English  telegraph  engineer,  and  Mr. 
Lindsay,  of  Dundee,  have  also  worked  in  this 
direction. 

After  the  introduction  in  1877-78  of  the 
Bell  telephone  it  was  found  that  the  extra- 
ordinary sensitiveness  of  that  instrument  fur- 
nished a new  means  of  picking  up  currents 
that  would  otherwise  be  too  feeble  to  produce 
intelligible  signals.  The  importance  of  this 
circumstance  in  extending  the  possibilities  of 
distance-telegraphy  was  not  lost  upon  Mr. 
Preece.  In  1882  he  conducted  a series  of 
researches  upon  the  establishment  of  tele- 
graphic communication  between  the  Isle  of 
Wight  and  the  Hampshire  coast  without  any 
connecting  cable  across  the  Solent.  An 
account  of  these  experiments  will  be  found  in 
the  report  of  the  British  Association  for  that 
year.  Large  metal  plates  to  serve  as  elec- 
trodes were  immersed  in  the  sea  at  the  ends 
of  the  two  base-lines.  On  the  Hampshire  coast 
the  base-line  extended  from  Portsmouth  through 
Southampton  to  Hurst  Castle,  a length  of  20 
miles.  On  the  island  the  base-line  extended 
from  Ryde  through  Newport  to  Sconce  Point, 
and  was  about  16  miles  long.  From  Ports- 
mouth to  Ryde  the  breadth  of  the  sea  is  6 miles, 
while  Hurst  Castle  is  only  about  a mile  from 
Sconce  Point.  Hence  in  this  case  the  length  of 
the  base-lines  considerably  exceeded  the  average 
distance  to  be  crossed.  With  this  arrange- 
ment signals  were  passed  in  dot  and  dash 
which  could  be  read  on  the  Morse  system  with 
ease  ; but  telephonic  speech  was  not  feasible. 
After  many  other  experiments  to  be  mentioned 
under  the  next  heading,  Mr.  Preece  established 
communication  in  the  winter  of  1893-4  across 
the  Kilbrannen  Sound  between  the  Isle  of  Arran 
and  Kintyre,  a distance  of  over  4 miles.  He 
also  maintained  telephonic  speech  across  Loch 
Ness,  a distance  of  miles. 

In  the  experiments  from  Arran  to  Kintyre, 
parallel  wires  about  3 miles  long  were  used  as 
base-lines  along  the  coast,  while  in  some  of 
the  experiments  two  other  base-lines  were 
used,  being  insulated  wires  laid  along  each 
coast  at  a height  of  about  500  feet  above  sea 
level.  A detailed  account  of  these  experiments 
will  be  found  in  the  report  of  the  British 
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Association  for  1894,  and  is  also  given  in 
The  Electrician,  vol.  33,  August  17,  1894. 

A year  earlier  Mr.  Preece  had  made  some 
striking  experiments  in  the  Bristol  Channel 
between  Lavernock  Point  on  the  South  Wales 
coast  and  the  islands  of  the  Flat  Holm  and 
the  Steep  Holm,  the  distances  of  which  are 
respectively  3‘i  and  5*35  miles.  His  base-line 
on  the  shore  at  Lavernock  Point  was  a pair 
of  copper  wires  weighing  400  lbs.  per  mile, 
suspended  on  poles  fora  length  of  1,267  yards, 
their  circuit  being  completed  through  earth. 
An  alternating  current  was  sent  into  this  base- 
line by  an  alternator  worked  by  a 2 horse- 
power steam-engine,  the  voltage  being  150 
volts,  the  frequency  192  periods  per  second, 
and  the  current  (maximum)  15  amperes. 
These  alternations  were  broken  up  into  dots 
and  dashes  by  use  of  a Morse  key.  The 
signals  were  read  on  a pair  of  receiving 
telephones  inserted  in  the  distant  base-line, 
which  in  each  case  ran  across  the  island 
and  dipped  into  the  sea.  The  length  of 
these  is  not  stated.  Mr.  Preece  received 
messages  easily  over  the  three  miles  separating 
the  mainland  from  the  Flat  Holm.  But  at  the 
Steep  Holm,  5*35  miles  away,  though  the 
signals  were  feebly  perceptible,  telegraphic 
conversation  was  impracticable,  as  the  sound 
could  not  be  differentiated  into  dots  and 
dashes.  Mr.  Preece  came  to  the  conclusion 
that  with  two  base-lines,  each  ten  miles  long, 
he  could  with  ease  signal  across  a distance  of 
ten  miles. 

Professor  Trowbridge,  of  Harvard,  has  also 
investigated  the  possibility  of  transmitting  sig- 
nals through  the  earth  by  conduction,  using  a 
rapidly  interrupted  primary  current,  and  a tele- 
phonic receiving  apparatus. 

Many  experiments  have  been  made  under 
accidental  circumstances,  all  tending  to  prove 
the  possibility  of  this  mode  of  transmitting 
signals  through  the  earth  itself.  The  instru- 
ments in  Greenwich  Observatory  are  affected  by 
the  stray  currents  that  escape  into  the  earth  from 
the  badly  insulated  return  circuit  of  the  City 
and  South  London  Electric  Raihvay,  4^  miles 
away.  Another  example  is  afforded  by  an 
accident  which  occurred  some  10  years  since 
at  the  Ferranti  electric  lighting  station  at 
Deptford,  when  one  night  one  of  the  dynamos 
by  some  derangement  became  connected  to 
earth.  The  whole  of  the  railway  telegraphs  in  : 
the  signal-boxes  of  the  railways  in  South  London 
were  temporarily  put  out  of  order  and  rendered 
inoperative,  while  the  currents  flowing  in  the  ' ' 
earth  were  perceived  in  the  telegraph  instru-  j ^ 
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merits  so  far  northwards  as  Leicester,  and  so 
far  south  as  in  Paris.  If  this  could  occur  as  a 
mere  accident,  it  is  obvious  that,  with  properly 
thought-out  arrangements,  signals  could  easily 
be  sent  from  one  part  of  the  globe  to  another 
by  conduction  through  earth  or  water. 

Most  striking  of  all  the  cases  of  distance- 
signalling by  conductive  methods  is  that  pre- 
sented by  the  transmission  of  signals  over 
nearly  three  miles,  which  was  carried  out  in 
1894  by  Dr.  W.  Rathenau,  Mr.  E.  Rathenau, 
and  Professor  Rubens.  They  selected  as  a 
suitable  place  for  operations  the  open  water  of 
the  Wannsee,  which  opens  into  the  Havel, 
near  Potsdam.  Here  at  the  south  end,  near 
the  Friedrich-Wilhelmsbriicke  they  immersed 
two  metal  electrodes,  each  having  about  fifteen 
square  metres  of  surface,  at  the  two  ends  of  a 
base-line  about  550  feet  long.  With  75  accu- 
mulators and  a rotating  interruptor  giving 
about  150  currents  per  second,  and  a Morse 
key,  they  injected  signals  into  the  base-line. 
At  a distance  of  4I-  kilometres,  or  nearly  three 
miles  across  the  water,  near  the  shore  at  Neu 
Cladow,  they  set  up  the  secondary  base-line, 
having  electrodes  of  about  four  square  metres 
each.  These  were  hung  in  the  water  from  two 
boats  between  which  the  connecting  line — 
about  330  feet  long — was  stretched.  In  this 
line  was  inserted  a telephone  receiver  of  usual 
pattern.  The  current  used  was  about  three 
amperes,  and  there  was  not  the  slightest  diffi- 
culty in  hearing  the  dot-and-dash  messages. 
Several  situations  for  the  receiving  base-line 
were  tried : and  it  appeared  that  the  inter- 
position of  a large  sandbank  between  the  two 
stations  made  very  little  difference. 

II.— Induction  Methods. 

Induction  methods  are  of  two  varieties.  An 
electric  charge  upon  a conductor  may  induce 
another  electric  charge  upon  another  con- 
ductor at  a distance  by  influence,  or  electro- 
static induction.  An  electric  current  in  a 
wire,  during  such  time  as  it  is  increasing  or 
diminishing,  may  induce  another  electric 
current  in  another  wire  in  its  neighbourhood 
by  electromagnetic  induction. 

So  far  as  I am  aw’are,  the  only  case  in  which 
electrostatic  induction  has  been  used  in  electric 
signalling,  is  that  of  telegraphing  (or  tele- 
phoning) to  trains  in  motion,  as  suggested 
about  thirteen  years  ago  by  Mr.  Wiley  Smith, 
of  Kansas  City.  If  a wire  suspended  over  a 
train  is  electrified,  either  positively  or 
negatively,  charges  are  induced  upon  the 
metallic  roofs  of  the  cars,  and  if  these  are 


suitably  connected  to  instruments  on  board  the 
train,  signals  may  be  exchanged  between  train 
and  wire  without  any  metallic  connection 
between  the  two.  This  suggestion  was  further 
developed,  about  the  year  1886,  by  Mr.  Phelps, 
and  by  Messrs.  Gilliland  and  Edison.  Des- 
criptions of  their  methods  will  be  found  in  the 
American  electrical  journals  of  that  date. 
The  system  was  successful  both  for  telegraph- 
ing and  telephoning,  and  was,  indeed,  adopted 
for  a time  by  the  Lehigh  Valley  Railroad 
Company.  But  it  has  been  abandoned  for  a 
very  simple  reason.  One  of  the  consolations 
of  railway  travelling,  is  that  one  is  free  from 
being  disturbed  by  telegraph  or  telephone. 
No  one  on  board  an  express  wants  to  tele.graph 
or  be  telegraphed  to. 

Electromagnetic  induction  has  played  so  im- 
portant a part  in  distance  telegraphy  that  it 
must  receive  a more  extended  notice.  Very 
early  after  the  introduction  of  the  commercial 
telephone,  troubles  arose  from  the  exceeding 
sensitiveness  of  the  instrument.  Conversations 
in  one  line  were  overheard  in  another  ; while 
the  ear  was  disturbed  by  an  incessant  buzz,  or 
rattle,  from  the  interference  of  stray  currents 
from  neighbouring  telegraph  lines.  All  these 
were  at  first  attributed  to  induction  ; that  is  to 
say,  to  the  electromagnetic  influence  of  the 
currents  in  one  line  upon  the  neighbouring 
line.  No  doubt,  in  some  cases,  this  is  a cause  ; 
but  unquestionably,  in  many  of  the  cases,  the 
disturbance  was  due  not  to  induction  at  all, 
but  either  to  leakage  of  currents  across  the 
surfaces  of  the  insulating  supports,  over  films 
of  dirt  or  moisture,  or  else  to  leakage  of  cur- 
rents from  one  line  into  the  other  through  the 
earth-plates  or  earth  connections.  Unless 
circuits  with  metallic  returns  are  used,  it 
is  certain  that  the  earth-return  will  afford 
a means  for  stray  currents  to  find  their 
way  into  the  telephone  lines.  Mr.  Preece 
has  narrated  many  cases  in  which  telegraph 
or  telephone  messages  that  are  being  trans- 
mitted along  some  line  have  been  heard — 
or  rather  overheard — in  telephonic  instruments 
in  some  totally  disconnected  and  distant  line. 
Many  of  these  are  due  doubtless  to  stray 
currents  through  earth  ; but  some  are  unques- 
tionably due  to  true  induction.  A line  or 
circuit  absolutely  insulated  from  any  earth 
contact  or  earth-return  may  yet  act  induc- 
tively. During  the  brief  instant  while  the 
current  in  it  is  growing,  that  current  is  setting 
up  a magnetic  field  in  the  surrounding  region, 
extending  indefinitely,  but  feebly,  into  space. 
As  the  current  dies  away  again,  this  magnetic 
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field  also  dies  away.  If  in  its  growth  or 
decrease  this  magnetic  field  encounters  other 
wires,  it  sets  up  electromotive  forces  in  them, 
and  thus  originates  disturbances.  For  the 
propagation  of  this  effect  from  wire  to  wire 
no  contact  is  needed.  It  is  an  effect  that  is 
dependent  upon  the  properties  of  the  inter- 
vening medium,  and  is  proportional  to  its  mag- 
netic permeability.  The  ether  of  space  itself, 
air,  water,  soil,  and  rock,  all  are  of  about  equal 
permeability.  Hence  this  kind  of  induction  may 
be  propagated  from  circuit  to  circuit,  whatever 
natural  material  intervenes.  Mr.  Preece  has 
made  repeated  researches  with  the  view  of  uti- 
lising this  effect  for  the  purpose  of  distance- 
telegraphy,  He  has  erected  parallel  base-lines, 
sometimes  in  South  Wales,  sometimes  near  the 
mouth  of  the  Dee,  sometimes  in  Scotland.  He 
has  laid  out,  flat  on  the  ground,  great  squares 
of  insulated  wire,  to  test  the  inductive  trans- 
mission from  one  area  to  another.  On  New- 
castle town  moor,  and  on  the  sands  at  Penarth, 
he  has  thus  operated.  It  is  not  always  easy  in 
his  experiments,  particularly  in  those  where 
earth-connections  were  used,  to  be  certain  how 
much  of  the  effect  was  due  to  true  induction, 
and  how  much  to  earth-conduction.  But  in 
some  of  the  cases  there  can  be  no  doubt 
whatever.  An  excellent  resume  of  his  work 
was  given  by  him  at  the  Chicago  Congress  in 
1893.  In  this  he  describes  how  in  one  series  of 
experiments  he  laid  out  on  a level  plain  two 
-|-mile  squares  of  copper  wire  insulated  with 
gutta-percha,  the  distances  between  the  two 
nearest  sides  of  the  two  squares  being  also  a 
quarter  of  a mile.  In  this  case,  using  rapidly- 
interrupted  or  vibratory  currents,  and  a Morse 
key  to  break  them  up  into  Morse  signals, 
and  applying  in  the  other  circuit  a receiving 
telephone,  conversation  in  the  Morse  code 
could  be  held  readily  between  the  two  operators. 
This  arrangement  precluded  all  idea  of  earth- 
conduction.  In  effect,  Mr.  Preece  was  work- 
ing with  a strange  species  of  transformer,  of 
which  his  two  squares  constituted  respectively 
the  “primary”  and  the  “secondary,”  the 
“ core  ” of  the  transformer  being  in  this  case 
partly  of  earth  and  partly  of  air.  Mr.  A.  W. 
Heaviside  has  described  an  analogous  case  in 
which,  wishing  to  establish  telephonic  com- 
munication to  the  bottom  of  a colliery  in  the 
north  of  England,  he  arranged  a circuit  in  a 
triangular  form  along  galleries  about  2^  miles 
in  total  length,  at  a depth  of  60  fathoms.  On 
the  surface  of  the  colliery  another  circuit  was 
laid  out  in  triangular  lines  of  equal  size,  over 
and  parallel  to  the  underground  line.  Here, 


again,  telephonic  speech  was  perfectly  clear 
by  induction  from  line  to  line — or  rather,  in 
this  case,  from  area  to  area.  Each  area  en-i 
closed  something  like  700,000  square  yards,  an 
ample  base-area  when  the  distance  to  be  pene-i 
trated  was  but  120  yards. 

Earlier  than  the  date  of  either  of  these  ex- 
periments, the  late  Mr.  Willoughby  Smith  had 
shown  how,  using  two  coiled  circuits  of  wire 
at  a,  distance  of  some  yards  apart,  telephonic 
messages  could  be  sent  across  air,  or  even 
through  walls  and  floors. 

The  greatest  distance  to  which  Mr.  Preece’s 
experiments  upon  telegraph  lines  have  been 
carried  is  40  miles,  namely,  between  the  tele- 
graph lines  that  run  across  the  Scottish  border 
by  the  east  and  west  coasts  respectively. 
Sounds  produced  in  the  Newcastle  and  Jed- 
burgh line  were  distinctly  heard  on  the  parallel 
line  at  Gretna,  though  there  was  no  line 
connecting  the  two  places.  Here,  however, 
since  both  lines  used  earth-returns,  it  is  pro- 
bable that  most  of  the  effect  was  due  to 
conduction,  not  to  true  induction. 

Instruments  which  operate  by  means  of  alter- 
nating currents  of  high  frequency,  like  Mr. 
Langdon-Davies’s  phonophore,  are  peculiarly 
liable  to  set  up  disturbance  in  other  circuits.  A 
single  phonophore  circuit  can  be  heard  in  lines 
a hundred  miles  away.  When  this  first  came 
to  my  notice  it  impressed  me  greatly,  and, 
coupled  in  my  mind  with  the  Ferranti  inci- 
dent mentioned  above,  caused  me  to  offer  to  one 
of  my  financial  friends  in  the  City,  some  eight 
years  ago,  to  undertake  seriously  to  establish 
telegraphic  communication  with  the  Cape,  pro- 
vided ;^io,ooo  were  forthcoming  to  establish 
the  necessary  basal  circuits  in  the  two  coun- 
tries, and  the  instruments  for  creating  the 
currents.  My  offer  was  deemed  too  visionary 
for  acceptance.  The  thing,  however,  is  quite 
feasible.  The  one  necessary  thing  is  the  ade- 
quate base-lines  or  areas.  All  the  rest  is 
detail. 

One  must  not  close  this  section  without  re- 
verting to  a most  pregnant  point  of  advance 
made  about  1888  or  1889  by  Dr.  Oliver  Lodge. 
When  experimenting  upon  the  oscillatory  dis- 
charge, he  conceived  the  happy  idea  of  turning  1 
two  circuits  into  resonance,  or  as  he  termed  it, 

“ syntony  ” with  one  another,  in  such  a way 
that  when  an  oscillating  electric  spark  j 
occurred  in  one  of  the  circuits,  the  inductive  | 
effect  on  the  other  immediately  set  up  in  it  ! 
electric  oscillations  which  manifested  them-  ^ 
selves  by  an  overflow- spark.  I call  this  ex-  . 
periment  pregnant  because  it  affords  a hint  | 
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of  another  possibility,  namely,  that  of  signal- 
ling inductively  from  one  area  to  another,  and 
using  around  those  areas,  not  merely  circuits 
of  wires,  but  syntonic  circuits,  which,  there- 
fore, are  necessarily  much  more  sensitive  in 
their  response  one  to  the  other.  Some  of 
Tesla’s  high-frequency  experiments  also  have 
an  obvious  bearing  on  this  point. 

III.— Electric  Wave  Methods. 

After  Clerk-Maxwell  had  predicted  the  exist- 
ence of  electromagnetic  waves,  and  had  shown 
that  their  speed  of  propagation  is  identical 
with  that  of  light,  it  required,  in  reality,  very 
little  to  demonstrate  by  experiment  the  exist- 
ence of  such  waves.  But  that  very  Utile  was 
not  actually  achieved  until  the  year  1888, 
when  the  lamented  Professor  Heinrich  Hertz 
showed  simple  methods  of  producing,  detect- 
ing, and  measuring  these  waves.  It  had 
been  known  for  many  years,  from  the  pre- 
dictions of  Kelvin  and  Von  Helmholtz,  and 
confirmed  by  the  experiments  of  Fedderssen, 
that  in  many  cases  an  electric  discharge  is 
of  an  oscillatory  character.  In  the  years 
1887-8  Lodge,  Fitzgerald,  and  others  were 
investigating  the  nature  of  these  oscillations, 
and  the  manner  in  which  they  are  guided  by 
conducting  wires,  when  Hertz  conceived  the 
idea  of  investigating  the  disturbances  which 
such  oscillatory  discharges  set  up  in  the  sur- 
rounding space.  He  showed  that,  given  a 
simple  apparatus,  which  he  called  an  “oscil- 
lator,” consisting  of  two  metal  plates  or  con- 
ductors, connected  by  a conductor  interrupted 
atone  intermediate  point  by  a “spark-gap,” 
the  oscillator  on  the  appearance  of  each  spark 
emitted  a train  of  electric  waves  into  the  sur- 
rounding space.  He  further  showed  that  if  a 
mere  circuit  or  ring  of  wire  of  suitable  size,  the 
continuity  of  which  is  interrupted  at  one  point 
by  a minute  gap,  is  placed  in  the  path  of  these 
travelling  waves  in  a suitable  position,  the 
waves  as  they  reach  it  set  up  electric  surgings 
in  this  wire  ; and,  if  sufficiently  energetic, 
cause  it  to  show  a small  spark  in  the  gap.  This 
simple  detecting  device  he  termed  a “reson- 
ator.” Armed  with  these  apparently  primitive 
pieces  of  apparatus  he  then  devoted  himself 
to  the  task  of  exploring  the  propagation  of 
the  waves.  He  found  that,  like  waves  of 
light  they  could  be  reflected,  by  metallic 
surfaces,  could  be  refracted  by  prisms, 
concentrated  by  lenses,  and  even  could  be 
polarised.  He  measured  their  wave-length 
and  velocity  of  propagation.  He  found 
that  they  could  pass  readily  through  walls  of 


wood,  stone,  or  brick,  which  are  opaque  to 
ordinary  light-waves.  Metals  and  other  con- 
ductors of  electricity,  on  the  contrary’,  absorbed 
them,  and  were  consequently  opaque. 

In  these  researches  of  Hertz,  we  meet,  for 
the  first  time,*  with  the  recognition  of  a true 
travelling  wave.  With  this  immense  discover}', 
there  was  opened  out  an  entirely  new  field  of 
possibilities.  Hitherto,  there  had  been  in- 
ductive actions  known  which  might  reach  out 
from  wire  to  wire,  only  to  fall  back  again  when 
their  excitant  cause  died  away.  But  now  the 
electric  wave,  once  started  on  its  path,  did 
not  collapse  back  into  the  wire  when  the  spark 
ceased  ; on  the  contrary,  it  went  travelling  on. 
And  just  as  the  javelin,  which  can  travel  on 
after  the  impulse  has  ceased,  can  act  at  greater 
range  than  the  sword,  whose  thrust  is  limited 
by  the  length  of  arm  and  blade,  so  the  true 
electric  wave,  by  the  very  fact  that  it  is  a true 
travelling  wave,  can  carry  signals  to  greater 
distances  than  the  mere  inductive  influence 
that  simply  extends  outwards  from  a wire  or 
from  a coil. 

The  work  which  Hertz  had  begun,  was,  after 
his  death,  carried  on  by  a whole  army  of  in- 
vestigators. Of  these,  and  of  their  achieve- 
ments, the  best  account  that  has  yet  appeared 
is  Professor  Lodge’s  little  book  on  “ The  Work 
of  Hertz  and  his  Successors.”  To  that  book 
enquirers  must  be  recommended  for  details. 
Suffice  it  here  to  say  much  has  been  done  in 
perfecting  both  the  oscillator  and  the  detector. 
Notable  amongst  these  matters  have  been  the 
forms  of  oscillator  designed  by  Lodge  and  by 
Righi ; the  latter  having  the  spark-gap  im- 
mersed in  oil  or  vaseline  between  two  metal 
balls.  Many  forms  of  detector  have  been  pro- 
posed. Very  early  Lodge  produced  one  under 
the  name  of  ‘ ‘ coherer,  ’ ’ consisting  of  a metallic 
point  very  lightly  pressed  against  a metal  plate, 
and  connected  in  circuit  with  a galvanometer 
and  a local  cell.  The  light  contact  constitutes 
an  imperfect  joint,  which  is  practically  non-con- 
ductive  until  caused  to  cohere  and  conduct  by 
the  impact  of  an  electric  wave  ; or,  perhaps 
more  accurately,  by  the  stimulus  of  the  minute 
surging  electric  current  which  results  from  the 
impact  of  an  electric  wave.  Subsequently, 
taking  a hint  from  M.  Branly,  Lodge  sub- 

* Many  years  before,  Professor  Joseph  Henr}’  had  trans- 
mitted induced  electric  sparks  from  one  circuit  to  another  in 
different  floors  of  a buildinfj.  Doubtless,  these  were  oscil- 
latory ; but  it  is  impossible,  at  this  time,  to  determine 
whether  the  arrangements  were  such  as  to  produce  true 
travelling  waves,  or  whether  the  action  was  (like  Lodge’s 
later  experiment  of  the  two  syntonic  circuits)  merely  one  of 
electromagnetic  induction. 
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stituted  as  a detector  a new  kind  of  coherer, 
consisting  of  a small  glass  tube  partly  filled 
with  loose  metallic  filings — iron  or  nickel  by 
preference  — joined  in  the  circuit.  Such  a 
coherer  acts  as  a species  of  relay,  by  means 
of  which  an  electric  wave,  incapable  in  itself 
of  affecting  a galvanometer  or  other  instru- 
ment, is  enabled  to  do  so  indirectly  by  setting 
into  operation  a local  current.  After  the 
coherer  has  thus  operated,  it  usually  remains 
in  the  conductive  state  until  subjected  to  some 
mechanical  jar  or  shock.  Lodge  proposed  to 
apply  for  this  purpose  a mechanical  tapper 
worked  either  by  clockwork  or  by  a trembling 
electric  mechanism.  On  several  occasions, 
and  notably  at  Oxford  in  1894,  he  showed  how 
such  coherers  could  be  used  in  transmitting 
telegraphic  signals  to  a distance.  He  showed 
that  they  would  work  through  solid  walls. 
Lodge’s  greatest  distance  at  that  time  had  not 
exceeded  some  100  or  150  yards.  Communica- 
tion was  thus  made  between  the  University 
Museum  and  the  adjacent  building  of  the 
Clarendon  Laboratory.  For  more  than  18 
months  the  Rev.  F.  Jervis  Smith,  of  Oxford, 
using  a carbon  powder  coherer,  has  maintained 
communication  between  his  house  and  the 
Millard  Engineering  Laboratory,  over  a mile 
away. 

Even  before  this  Mr.  Nikola  Tesla,  in  a 
lecture  delivered  at  St.  Louis  in  1893,  had 
made  a further  suggestion  of  great  importance. 
He  proposed  to  transmit  electric  energy  by 
oscillations  to  any  distance,  without  communi- 
cating wires,  by  erecting  at  each  end  of  the 
stretch  a vertical  conductor  joined  at  its  lower 
part  to  the  earth,  and  at  its  upper  to  a conduct- 
ing body  of  large  surface.  This  constitutes  a 
vertical  base-line  from  which  to  disseminate 
the  oscillating  disturbances. 

About  two  years  ago  a young  Italian,  Mr. 
Marconi,  came  to  this  country,  and  succeeded 
in  inducing  the  British  Telegraph  Department 
to  give  him  facilities  for  experimenting  upon 
wave-method  of  transmission.  First  upon 
Salisbury  Plain,  and  then  across  the  Bristol 
Channel,  he  succeeded  in  transmitting  Morse 
signals  to  greater  distances  than  any  one  had 
previously  attained.  He  sent  signals  from 
Lavernock  Point  to  Bream  Down — about  nine 
miles  as  the  crow  flies  over  the  open  channel. 
To  accomplish  this  he  used  as  base-lines  two 
vertical  conductors  earthed  at  their  lower  ends, 
and  carrying  at  the  top  extended  surfaces.  He 
used  a Righi  transmitter.  As  receiver  he 
employed  the  special  form  of  Lodge-Branly 
coherer,  presently  to  be  described.  This  was 


connected  in  the  manner  Lodge  had  recom- 
mended in  a local  circuit,  and  was  tapped  by  a 
mechanical  tapper  operated  by  a vibrating 
electric  mechanism.  The  local  circuit  oper- 
ated a Post-office  relay  connected  to  a Morse 
instrument  signalling  the  dots  and  dashes. 
The  coherer  was  itself  included  in  the  vertical 
base-line.  So  far  all  is  old.  The  special  coherer 
used  in  these  experiments  by  Marconi  has  very 
fine  metallic  powder,  chiefly  of  nickel  and  silver, 
in  a small  glass  tube  exhausted  of  air.  He  also 
applied  shunting  resistances  to  the  relay  con- 
tacts ; and  interposed  a fine  iron  wire  closely 
coiled,  as  an  impedance  in  the  local  circuit  on 
each  side  of  the  coherer. 

In  1897,  some  further  experiments  were 
carried  out  by  Professor  Slaby,  of  Charlotten- 
burg,  on  an  even  larger  scale.  He  abandoned 
every  one  of  the  novelties  introduced  by  Mar- 
coni, and  fell  back  upon  the  methods  previously 
known.  He  used  a simple  Lodge-Branly 
coherer,  employed  elevated  conductors  as 
base-lines,  discarded  the  useless  little  iron 
wire  impedance  coils  in  the  local  circuit,  and 
substituted  for  the  Post-office  polarised  relay 
one  made  out  of  a Weston  galvanometer.  His 
success  shows  that  all  that  is  essential  can  be 
thus  attained.  He  chose  as  the  scene  of  his 
operations  the  Havel,  and  set  up  elevated  con- 
ductors upon  the  castle  of  the  Pfaueninsel,  and 
on  the  campanile  of  the  church  at  Sacrow. 
Thus  equipped,  he  transmitted  signals,  at  first 
about  three-quarters  of  a mile,  then  three  miles 
across  the  water.  He  found  trees  and  masts 
to  interfere  with  the  signals  to  some  degree. 
He  then  proceeded,  with  the  aid  of  the  military 
authorities,  to  experiment  over  an  open  stretch 
of  country — from  Rangsdorf  to  Schoneberg. 
The  elevated  conductors  were  wires  raised  by 
means  of  hydrogen  balloons  to  heights  of 
nearly  1,000  feet.  Signals  were  obtained  at  a 
distance  of  21  kilometres,  or  over  13  miles. 
Neither  in  Marconi’s  nor  in  Slaby’s  successful 
operations  were  syntonic  devices  employed. 

The  following  Table  summarises  the  results 
of  Marconi’s  and  Slaby’s  work  : — 


Dis- 

tance. 

Base- 

line. 

Ratio. 

Marconi  : — 

Flat  Holm  (sea) 

miles 
3 s 

feet 

150 

200  (?) 
100 

100 

Bream  Down  (sea)  

Q 

250  (?) 

200 

Spezia  (land  and  sea) 

4i 

Spezia  (open  sea) 

Slaby 

Sacrow  (water  and  trees) 

II 

3 

100 

So 

500 

70 

50 

70 

Pfaueninsel  (water  and  buildings). 
Bangsdorf  (lajidl 

3 

13I 

200 

950 

Commenting  on  these  results,  Slaby  notes 
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how  over  open  sea  a much  greater  distance 
appears  to  be  attained  from  a base-line  of 
given  length.  Assuming  Marconi’s  best  pro- 
portion, he  calculates  the  vertical  length  of 
base-line  needed  for  communicating  across 
the  English  Channel  at  Dover  to  be  265  feet, 
while  from  London  to  Paris,  over  land  and  sea, 
would  require  4,700  feet.  He  even  estimates 
base-lines  of  6,600  feet  as  sufficient,  were  it 
not  for  the  curvature  of  the  globe,  to  serve  for 
communication  across  the  Atlantic. 

The  most  recent  improvements  made  towards 
perfecting  this  method  of  transmission  are 
those  of  Dr.  Oliver  Lodge,  whose  labours,  con- 
tinued during  the  past  few  months,  are  still  in 
progress.  He  has  first  reorganised  the  trans- 
mitter apparatus  so  as  to  make  it  a more  per- 
sistent radiator.  It  emits  longer  trains  of 
waves.  This  has  been  accomplished  by  intro- 
ducing in  the  path  of  the  oscillations,  between 
the  spark-gap  and  the  wings,  a few  turns  of 
stout  wire  to  act  as  an  impedance  coil.  By 
this  means  the  oscillations  can  be  accurately 
tuned.  The  receiving  apparatus  is  also  tuned  ; 
in  fact,  each  apparatus  is  made  to  operate  both 
as  emitter  and  as  receiver,  in  turn,  as  required. 
Lodge  has  also  modified  the  arrangements  of 
the  coherer  circuits,  to  render  them  more 
certain  of  operation,  no  local  current  being 
allowed  to  pass  through  the  coherer  until  after 
it  had  been  affected  by  the  waves.  He  has, 
in  fact,  thoroughly  redesigned  the  sending  and 
recemng  instruments  upon  a rational  basis,  so 
that  they  shall  be  both  less  sensitive  to  stray 
impulses,  and  more  sensitive  to  properly 
attuned  waves.  The  results  obtained  with  these 
have  not  yet  been  made  public  ; but,  employing 
a siphon  recorder  as  the  receiving  instrument, 
remarkable  precision  of  signalling  has  been 
attained.  Further  developments  in  this  direc- 
tion will  doubtless  be  awaited  with  much  in- 
terest. Meantime,  in  other  countries,  the 
United  States,  Russia,  and  France,  other  ex- 
perimenters are  at  work.  Any  account  given 
at  the  present  time  will,  therefore,  be  neces- 
sarily incomplete. 

In  passing  finally  from  a review  of  that 
which  has  already  been  attained  to  that  which 
may  reasonably  be  contemplated  as  within 
reach  of  attainment  in  the  near  future,  I have 
no  w'ish  to  assume  the  role  of  the  prophet. 
Still  less  w^ould  I desire  to  emulate  the  example 
of  the  imaginative  litterateur  wffio,  whether  his 
name  be  Jules  Verne  or  H.  G.  Wells,  stimu- 
lates the  public  curiosity  by  amazing  specula- 
tions, and  in  doing  so  renders  the  disservice 
that  the  public  so  stimulated  is  made  less 


capable  than  before  of  distinguishing  between 
that  which  is,  and  that  w'hich  is  not,  within 
the  bounds  of  reasonable  possibility. 

It  has  been  shown  that  there  are  three 
general  methods  of  transmitting  electric  signals 
across  space.  All  of  them  require  base-lines 
or  base-areas.  The  first — conduction — requires 
moist  earth  or  water  as  a medium,  and  is  for 
distances  under  three  miles  the  most  effective 
of  the  three.  The  second — induction — is  not 
dependent  upon  earth  or  water,  but  will 
equally  well  cross  air  or  dry  rock.  The 
third — electric  wave-propagation — requires  no 
medium  beyond  that  of  the  ether  of  space,, 
and  is,  indeed,  interfered  w'ith  by  interposed 
things  such  as  masts  or  trees.  Given  proper 
base-lines  or  base -areas;  given  adequate 
methods  of  throwing  electric  energy  into  the 
transmitting  system,  and  sufficiently  sensitive 
instruments  to  pick  up  and  translate  the 
signals,  it  is  possible  in  my  opinion  so  to 
develop  each  of  the  three  methods,  that  by  any 
one  of  them  it  will  be  possible  to  establish 
electric  communication  between  England  and 
America  across  the  intervening  space.  It  is 
certainly  possible,  either  by  conduction  or  by 
induction  ; whether  by  waves  I am  somewhat 
less  certain.  Conduction  might  very  seriously 
interfere  with  other  electric  agencies,  since  the 
waste  currents  in  the  neighbourhood  of  the 
primary  base-line  would  be  very  great.  It  is 
certainly  possible  either  by  conduction  or  in- 
duction to  establish  direct  communication 
across  space  with  either  the  Cape,  or  India,  or 
Australia  (under  the  same  assumptions  as 
before)  and  at  a far  less  cost  than  that  of  a 
connecting  submarine  cable.  I doubt  very 
greatly  whether  the  wave-method  can  be 
made  applicable  at  all  to  these  so-distant 
parts  of  the  globe.  But  whether  by  con- 
duction, by  induction,  or  by  waves,  I 
am  firmly  convinced  that  the  immediate  road 
to  commercial  success  lies  in  tw’o  things. 
Firstly,  we  must  frankly  recognise  that  there  is 
no  such  thing  as  telegraphing  without  wires — 
that  the  base-line,  or  the  base-area  surrounded 
by  wires,  is  a fundamental  necessity.  Secondly, 
we  must  look  to  establishing  real  syntony  be- 
tween the  sending  and  the  receiving  parts  of 
the  apparatus  to  render  it,  as  far  as  possible, 
sensitive  and  independent,  without  which  con- 
ditions such  systems  will  become  too  costly 
and  too  unmanageable  for  commercial  ends. 


[The  paper  was  illustrated  by  numerous  slides 
illustrating  the  methods  and  instruments  used  by 
Hertz,  Lodge,  Righi,  Marconi,  and  Slaby  in  their 
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investigations,  and  the  newest  syntonic  apparatus  of 
Lodge.  Experiments  were  also  shown  illustrating 
the  transmission  of  electric  waves  and  their  reception 
nnd  detection.  A small  Lodge  apparatus,  constructed 
by  Mr.  Miller,  was  also  exhibited  in  operation.] 


The  Chairman  said  no  doubt  all  present  had 
come  with  great  expectations,  anticipating  much 
pleasure  in  hearing  of  the  latest  developments 
of  one  of  the  most  interesting  and  valuable  appli- 
cations of  modern  science  to  useful  purposes — electric 
telegraphy.  But  whatever  their  expectations  they 
must  have  been  more  than  realised  by  the  exceedingly 
lucid  exposition  by  Professor  Thompson  of  a most 
intricate  and  difficult  subject ; so  lucid  in  fact  had  it 
been  that  probably  few  realised  how  intricate  it  was. 
He  felt  with  Professor  Thompson  that  perhaps  in  the 
immediate  future  the  application  of  wireless  tele- 
graphy to  practical  purposes  was  not  quite  so  wide 
as  some  might  have  anticipated  and  hoped ; but 
at  the  same  time  there  were  purposes  to  which 
they  might  reasonably  hope  it  might  be  applied, 
sjch,  for  example,  as  communication  between  the 
shore  and  lightships,  and  possibly  between  ship 
and  ship.  It  was  satisfactory  to  learn  that 
means  were  being  sought  for,  and  had  been  to 
some  extent  found,  of  differentiating  one  telegraphic 
signal  sent  through  space  from  another  by  tuning. 
That  was  to  him  a particularly  interesting  point,  and 
the  explanations  which  had  been  given  of  the  methods 
adopted  by  Professor  Oliver  Lodge  for  obtaining  the 
transmission  of  a particular  message,  and  the  receipt  of 
that  message  by  the  particular  person  intended  to  receive 
it  were  specially  valuable.  Obviously  it  would  be  very 
inconvenient  if  messages  sent  through  space  were  in- 
differently receivable  by  everyone  who  chose  to  play 
the  part  of  an  eavesdropper.  That  condition  of  things 
would  somewhat  resemble  that  described  in  one  of 
Plans  Christian  Andersen’s  stories,  where  the 
fumes  coming  from  a pipkin  revealed  to  everyone 
who  chose  to  smell  them  what  each  particular  person 
was  having  for  dinner.  It  was  not  very  desirable 
that  that  kind  of  curiosity  should  be  gratified  in 
connection  with  telegraphy,  and  it  seemed  to  him 
that  the  uses  of  telegraphy  through  space  wmuld  be 
very  much  limited  if  this  sort  of  thing  could  not  be 
prevented.  Professor  Lodge’s  line  of  experiment, 
however,  seemed  to  tend  in  that  direction,  and  to 
show  the  means  of  confining  a message  to  the 
person  intended  to  receive  it.  He  was  sure  Professor 
Thompson  would  be  pleased  to  answer  any  questions 
on  any  point  that  had  not  been  made  clear,  if  there 
were  any  such,  any  questions  which  could  arise 
having  been  already  answered  in  anticipation.  If 
no  one  had  any  such  query  to  put,  he  would  conclude 
by  proposing  a hearty  vote  of  thanks  to  Professor 
Thompson  for  his  paper. 

The  vote  of  thanks  was  carried  unanimously,  and 
the  meeting  adjourned. 


MEETINGS  OF  THE  SOCIETY. 
Foreign  and  Colonial  Section. 
Tuesday  evening: — 

April  5,  at  8 p.m. — “ The  British  Empire,  its 
Resources,  and  its  Future.”  By  John  Lowles,  M.P. 
The  Marquis  of  Lorne,  K.T.,  G.C.M.G.,  will 
preside. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  April  4. ..Farmers’  Club,  Salisbur5^-square  Hotel, 
Fleet-street,  E.C.,  4 p.m.  Dr.  Voelcker,  “The 
Root  Crop  : Does  it  pay  to  grow  ? ” 

Engineers,  in  the  Theatre  of  the  United  Service 
Institution,  Whitehall,  S.W.,  7I  p.m.  Dr,  J.  C. 
Thresh,  “The  Protection  of  Underground  Water 
Supplies.” 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 p.m.  Mr.  W.  J.  Dibdin,  “The 
Bacterial  Treatment  of  Sewage  containing  Manu- 
facturing Refuse.” 

British  Architects,  9,  Conduit-street,  W,,  8 p.m. 
Mr.  G.  Armand,  “Artistic  Copyright.” 

Camera  Club,  Charing-cross-road,  W.C.,  8J  p.m. 
Mr.  Law  Bros,  “ Archaeological  Rambles  in 
Greece.” 

Medical,  ii,  Chandos-street,  W.,  8|  p.m. 

Victoria  Institute,  8,  Adelphi -terrace,  W.C.,  4J  p.m. 
Mr.  S.  M.  Zwemer,  “Star  Worshippers  in  the 
East.” 

Tuksday,  April  5. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Foreign  and  Colonial 
Section.)  Mr.  John  Lowles,  “The  British  Empire : 
its  Resources,  and  its  Future.” 

Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m. 

Civil  Engineers,  25,  Great  George-street,  S.W.,  8 
p.m.  I.  Discussion  on  Mr.  E,  W.  Stoney’s  Paper, 
“Extraordinary  Floods  in  Southern  India:  their 
' Causes,  and  Destructive  Effects  on  Railw’ay 
Works.”  2.  Mr.  A.  H.  Preece,  “ The  Electricity 
Supply  of  London.” 

Pathological,  20,  Hanover-square,  W.,  8J  p.m. 

Zoological,  3,  Hanover-square,  W.,  8J  p.m.  i. 
Prof.  Sydney  J.  Hickson,  “The  Spieces  of  Corals 
of  the  Genus  Aliilepora.'’  2.  Mr.  J.  Stanley 
Gardiner,  “The  Perforate  Corals  collected  by  the 
Author  in  the  South  Pacific.”  3.  Mr.  R.  Lydekker, 
“The  Geographical  Races  of  the  Banting,  Bos 
sondaictis." 

Asiatic,  22,  Albemarle-street,  W.,  4 p.m. 

Wednesday,  April  6. ..Geological,  Burlington-house,  W., 
8 p.m. 

Sanitary  Institute,  74.^,  Margaret- street,  W.,  8 p.m. 
Mr.  R.  E.  Middleton,  “ The  Desirability  of  Making 
Water-shed  Areas  and  Sanitary  Districts  Co- 
terminous.” 

Archaeological  Association,  32,  Sackville-street,  W., 
8 p.m. 

Obstetrical,  20,  Hanover-square,  W.,  8 p.m. 

Thursday,  April  7 . Linnean,  Burlington -house,  W.,  8 p.m. 

I.  Dr.  Elliott  Smith,  “The  Brain  of  the  Edentata, 
including  Chlamydophorus,”  2.  Mr.  H.  Farquhar, 
“ Preliminary  Account  of  some  New  Zealand 
Actiniaria.” 

Mathematical,  22,  Albemarle-street,  W.,  8 pm. 
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All  communicafions  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  IV. C. 


Notices. 


FOREIGN  AND  COLONIAL  SECTION. 

Tuesday,  April  5,  1898  ; The  Marquis  OF 
Lorne,  K.T.,  G.C.M.G.,  in  the  chair. 

The  paper  read  was,  “ The  British  Empire  : 
its  Resources  and  its  Future,”  by  John 
Lowles,  M.P. 

The  paper,  with  a report  of  the  discussion, 
will  be  published  in  a future  number  of  the 
Journal. 


Proceedings  of  the  Society. 

♦ 

APPLIED  ART  SECTION. 

Tuesday,  March  29,  1898  ; Sir  John  Evans, 
K.C.B.,  D.C.L.,  Treas.  R.S.,  in  the  chair. 

The  paper  read  was— 

ENGLISH  ART  IN  ILLUMINATED 
MANUSCRIPTS. 

By  Sir  Edavard  Maunde  Thompson, 

K.C.B.,  D.C.L. 

The  knowledge  of  the  history  of  art  that  is 
to  be  gathered  from  a study  of  the  illuminated 
manuscripts  of  the  Middle  Ages  would  be  more 
generally  appreciated  if  such  manuscripts  were 
more  numerous  than  they  are.  Although  they 
have  survived  in  fairly  large  numbers,  yet,  in 
the  ordinary  nature  of  things,  such  portable 
relics,  easily  passing  from  hand  to  hand,  must 
always  have  been  liable  to  injury  and  loss,  and 
in  our  own  country,  during  the  periods  of  the 
dissolution  of  the  monasteries  and  of  the 
Reformation,  many  priceless  examples  must 
have  perished.  In  our  own  day  they  are  to  be 
found,  in  any  numbers,  only  in  the  national 
libraries  or  in  the  possession  of  a very  few 
private  collectors.  But,  although  their  number 
has  become  limited,  and  although  the  examples 
of  more  than  ordinary  merit  are  comparatively 


few,  there  is  no  other  series  of  artistic  produc- 
tions that  enables  us  to  follow  so  concisely  the 
developement  of  drawing  and  painting  from  a 
comparatively  early  date  through  the  different 
epochs  of  the  Middle  Ages.  The  illuminated 
manuscript  from  its  very  shape  has  had  an 
advantage  which  can  scarcely  be  overrated 
for  preserving  the  paintings  and  ornaments 
with  which  it  is  adorned— an  advantage  which 
is  denied  to  the  picture  that  hangs  upon  the 
wall  exposed  to  the  light  day  by  day  and  year 
after  year.  The  colours  and  metals  of  minia- 
tures and  borders,  which,  when  the  book  is 
closed,  are  effectually  protected  from  the 
injurious  effects  of  exposure  to  light  and  of 
impurities  in  the  air  of  our  gas-lighted  towns, 
remain  marvellously  fresh  after  the  lapse  of 
hundreds  of  years.  And,  again,  a single 
volume  may  be  a very  picture-gallery  in 
itself,  containing  miniature  after  miniature, 
and  border  on  border,  which  delight  us 
with  their  variety  of  drawing  and  orna- 
ment and  design.  Indeed,  no  artist  can  have 
a full  knowledge  of  the  developement  of  his 
art  who  has  not  studied  its  early  efforts  in 
the  illuminations  ^of  the  Middle  Ages.  This 
evening  we  are  to  trace  that  developement,  as 
shown  in  the  illuminated  manuscripts  of  our 
own  country,  and  we  may  say  at  once  that 
there  is  no  other  series  in  which  the  history 
of  that  developement  is  more  interesting.  The 
political  changes  through  which  England 
passed  have  surely  left  their  mark  upon  the 
artistic  productions,  as  they  did  upon  the 
character,  of  the  people  ; and  as  we  move 
from  century  to  century  we  trace  the  hand  of 
the  Celt,  of  the  Roman,  of  the  Saxon,  and  of 
the  Norman,  as  clearly  in  our  manuscripts  as 
we  do  in  the  architecture  of  our  cathedrals 
and  in  the  remains  of  our  ancient  sites. 

The  earliest  examples  of  illuminated  manu- 
scripts produced  in  England  prove  the  existence 
of  two  distinct  schools,  differing  essentially 
from  one  another : the  one  holding  sway  in  the 
north  of  the  country,  the  other  in  the  south — 
the  one  excelling  in  ornament,  the  other  striving 
after  a higher  form  of  art  and  developing  a 
remarkable  power  in  figure-drawing.  Both 
were  imported  : the  northern  st}'le  being  Celtic 
in  its  origin  ; the  southern,  there  can  be  little 
doubt,  being  introduced  into  the  country  by 
the  Roman  missionaries. 

The  introduction  of  the  Celtic  style  of  book- 
decoration,  originally  from  Ireland,  into  the 
north  of  England  need  only  be  referred  to  here 
very  briefly.  In  consequence  of  the  conversion 
of  Oswald,  who  became  King  of  Northumber- 
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land  in  the  year  625,  and  who  had  accepted 
Christianity  during  his  exile  in  the  Irish 
monastery  of  Iona,  Aidan,  a monk  of  that 
house,  became  the  founder  of  the  Northum- 
brian Church,  and  as  first  Bishop  of  the  see 
of  Lindisfarne,  or  Holy  Isle,  he  chose  that 
island  on  the  Northumbrian  coast  as  the  seat 
of  his  diocese.  There  was  established  by  the 
brethren  who  accompanied  him  from  Iona  the 
northern  school  of  Lindisfarne,  which  became 
famous  for  the  finely  written  and  ornamented 
manuscripts  in  the  Celtic  style  which  it  pro- 
duced. This  style  was  that  which  had 
developed  in  Ireland,  and  which  had  produced 
such  wonderful  works  of  art  as  the  famous 
book  of  Kells  at  the  close  of  the  7th  century, 
and  in  which  elaborate  ornamentation  of 
the  most  intricate  patterns  was  the  artist’s 
triumphant  achievement.  Figure-drawing  was 
scarcely  attempted,  and  when  it  was  attempted 
the  result  was,  according  to  our  ideas,  singu- 
larly hideous.  The  mechanical  excellence 
after  which  the  Irish  artist  strove  seems  to 
have  killed  his  perception  of  the  beauty  of  the 
lines  of  free  drawing ; but,  if  he  lost  this  power 
of  perception,  there  can  be  no  question  of  the 
high  pitch  of  excellence  to  which  he  raised  his 
purely  ornamental  designs.  This  style  then 
was  transferred,  as  we  have  seen,  to  the  north 
of  England,  and  was  the  source  of  the  decora- 
tion which,  after  becoming  so  famous  at  Lin- 
disfarne, worked  southward,  and  left  its  mark 
upon  the  ornamentation  of  the  southern  school. 
We  are  not  here  called  upon  to  attempt  to  trace 
the  origin  of  the  Irish  style  of  ornamentation. 
Its  astonishing  developement  no  doubt  had  its 
beginnings  quite  at  the  commencement  of  the 
Christian  era,  but  its  application  to  book- 
decoration  appears  to  have  been  of  com- 
paratively late  date,  probably  not  earlier  than 
the  7th  century. 

To  illustrate  the  Celtic  style,  as  practised  a 
Lindisfarne,  we  turn,  naturally,  to  that  wonderfut 
book,  the  Lindisfarne  Gospels,  or  Durhaml 
Book  as  it  is  also  called — that  never  failing 
source  of  perfect  examples  of  the  varied  patterns 
of  the  school.  This  volume,  containing  the 
four  Gospels  in  Latin,  is  stated,  by  early  tradi- 
tion which  we  need  not  dispute,  to  have  been 
written  by  Eadfrith,  bishop  of  Lindisfarne  from 
698  to  721,  in  honour  of  St.  Cuthbert,  who  died 
in  687.  The  period  of  the  manuscript,  then,  is 
about  the  year  720.  The  very  writing  of  the 
text  may  be  in  itself  regarded  as  a work  of  art, 
so  perfect  is  the  formation  of  the  characters ; 
but  the  glory  of  the  volume  is  its  ornamenta- 
tion, consisting  of  full  pages  of  elaborate 


designs,  together  with  a page  of  fanciful  letters 
and  borders  introducing  each  Gospel,  besides 
innumerable  initial  letters  throughout  the  text. 
There  are  also  four  remarkable  drawings  repre- 
senting the  Evangelists,  executed  with  very 
little  knowledge  of  the  human  figure,  and 
having  the  features  and  draperies  treated  in  a 
curiously  mosaic  method,  but  interesting  from 
having  been  copied  from  Greek  paintings. 
The  first  page  from  the  Gospel  of  Saint  Luke 
presents  an  excellent  grouping  of  a variety  of 
the  patterns  which  are  to  be  found  in  this 
instructive  volume:  “ Quoniam  quidem  multi 
conati  sunt  ordinare  narrationem,”  the  intro- 
ductory words  of  the  text,  written  in  fanciful 
letters.  Interlaced  patterns,  in  sections  or 
forming  knots  ; birds  and  lacertine  creatures 
with  necks  and  legs  in  intricate  conjunction  ; 
circles  and  spirals,  so  peculiarly  characteristic 
of  Celtic  work ; and  the  very  effective  dotted 
patterns  which  border  the  letters  or  form  a back 
ground  to  them — all  harmoniously  coloured  in 
thick  pigments  which  give  to  the  whole  the 
semblance  of  a beautifully-finished  piece  of 
porcelain  or  enamel. 

We  leave  the  Lindisfarne  school  in  the  north 
and  turn  to  Canterbury,  the  gate  through  which 
the  southern  style  of  English  book-decoration 
found  its  way  from  the  Continent,  and  we  take 
up  a manuscript  of  the  beginning  of  the  8th 
century,  a Psalter  (Cotton  MS.,  Vespasian 
A.  i)  which  belonged  to  the  Abbey  of  St. 
Augustine,  and  which  no  doubt  was  written 
and  ornamented  in  that  house.  It  is  a most 
important  relic  for  the  history  of  early  art  in 
this  country,  for  in  it  we  find  an  example 
of  figure -drawing  formed  on  a model  which 
we  recognize  as  Roman,  combined  with 
ornamentation  which  no  less  certainly  in  part 
is  derived  from  the  northern  style  of  Lindis- 
farne. The  full-page  design  in  which  the  two 
schools  are  thus  brought  together  represents 
David  and  his  musicians  and  scribes,  enclosed 
within  a border  in  which  we  recognize  the 
spirals  and  interlacings  of  the  Celtic  style  with 
others  such  as  the  rosettes,  which  are  of 
classical  origin.  In  the  decoration,  however, 
of  this  manuscript,  Celtic  in  details  as  it  is,  we 
have  to  notice  a feature  which  is  in  strong 
contrast  with  the  practice  of  the  northern 
school — the  application  of  gilding,  even  to 
profusion.  In  Irish  manuscripts  the  employ-  ! 
ment  of  gold  is  unknown ; in  the  Lindisfarne  i 
Gospels  it  is  found  only  in  minute  quantity. 
No  doubt  we  are  to  attribute  the  more  magni-  | 
ficent  and  costly  method  followed  in  the  i 
Canterbury  volume  to  the  influence  of  the  j 
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rather  barbaric  splendour  of  the  illuminated 
manuscripts  of  the  Continent.  In  this  manu- 
script the  patterns  are  frequently  traced  on  a 
gilded  background. 

We  have  already  said  that  the  southern 
school  developed  a remarkable  proficiency  in 
figure-drawing,  contrasting  strongly  with  the 
practice  of  the  northern  school,  which  chiefly 
confined  its  efforts  to  ornamentation.  This  de- 
velopement  is  conspicuous  in  the  Anglo-Saxon 
manuscripts  of  the  loth  and  nth  centuries  ; but 
it  differs  from  the  broad  style  of  the  drawing 
which  we  have  just  now  examined  from  the 
Canterbury  Psalter.  It  ]is  of  a lighter  and 
more  delicate  touch,  and  particularly  excels  in 
a skilful  management  of  the  draperies.  There 
can  be  no  doubt  that  its  origin  is  to  be  traced 
to  classical  models,  and  there  is  evidence  to 
prove  that  it  was  cast  in  the  form  in  which  it 
appears  in  English  manuscripts  somewhere  in 
the  north  of  the  Frankish  Empire.  The  locality 
of  Metz  has  even  been  fixed  as  the  centre 
whence  it  arose ; but,  without  tying  ourselves  so 
closely  to  a particular  place,  we  may  be  content 
with  the  fact  that  this  particular  style  of 
drawing  was  immediately  derived  by  the 
southern  English  school  from  the  neighbouring 
continent.  The  earliest  example  to  which  we 
turn,  an  example  which  may  be  called  the  type 
manuscript  of  this  style,  is  the  Utrecht  Psalter, 
so  named  from  its  belonging  to  the  university 
of  Utrecht,  though  it  once  formed  a part  of  our 
Cottonian  collection.  The  particular  value  of 
this  manuscript  as  a standard  of  comparison 
consists  in  the  fact  of  its  being  an  actual  copy 
of  a much  older  original.  The  character  of 
the  writing  is  of  that  type  of  capital  letters 
which  are  known  as  rustic  capitals,  a character 
which  passed  out  of  ordinary  use  as  a text 
hand  long  before  the  period  at  which  the 
Utrecht  Psalter  was  produced  ; and  the  reason 
for  its  employment  in  this  instance  was,  there 
can  be  little  doubt,  the  desire  to  keep  the  same 
arrangement  of  text  and  drawings  as  in  the 
original  which  was  being  copied.  The  time  of 
the  execution  of  the  Utrecht  Psalter  is  about 
the  year  800  ; the  manuscript  from  which  it 
was  copied  may  have  been  200  years  earlier. 
But,  though  this  manuscript  is  a copy,  and  in  a 
sense  a facsimile  copy  of  the  original,  it  must 
not  be  assumed  that  there  is  no  variation  from 
the  early  models  in  the  style  of  the  later 
drawings.  Undoubtedly  there  is  much  varia- 
tion. The  same  illustrations  were  repeated  in 
later  copies  of  this  Psalter  or  of  others  of  a 
similar  type,  in  the  nth  and  12th  centuries; 
and  in  those  we  find,  as  one  would  expect,  the 
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style  of  drawing  of  the  period,  although  the 
general  setting  of  the  models  is  preserved.  In 
the  illustrations  of  the  Utrecht  Psalter,  then, 
we  may  assume  that  we  have  the  reproductions 
of  classical  models,  accurate  in  details  but 
modified  in  style  by  the  later  sentiment  of  the 
art  of  the  period.  This  Psalter  was  executed, 
we  believe,  in  north-eastern  France,  and  at  an 
early  time  it  was  brought  to  England  and 
became  the  property  of  St.  Augustine’s  Abbey 
at  Canterbury.  The  influence  which  the  style 
of  its  drawings,  and  of  those  of  other  volumes 
of  a like  character  which  no  doubt  were  also 
imported,  had  upon  the  native  art  was  so  great 
that  the  result  was  an  absolute  adoption.  In 
the  drawings  of  the  figures  of  the  Utrecht 
Psalter  we  find  those  points  which  are  after- 
wards characteristic  of  the  drawing  of  the 
Anglo-Saxon  artists  of  the  south — the  attenua- 
tion of  the  limbs,  the  humping  of  the  shoulders, 
and  the  sketchy  treatment  of  the  draperies 
which  was  later  developed  into  the  “ fluttering  ” 
style,  as  if  they  were  being  agitated  by  the 
wind,  so  conspicuous  in  English  manuscripts. 

We  select,  as  an  example  of  finely  executed 
English  work  of  the  latter  part  of  the  loth 
century  (Harleian  MS.,  2904),  a drawing  of  the 
Crucifixion,  which  shows  all  the  best  qualities 
as  well  as  the  faults  of  the  school.  While  the 
general  execution  is  so  pleasing,  the  outlines 
firm,  and  the  details  of  the  draperies  in  e.xcellent 
style,  we  have  the  strange  contrast  of  the 
exaggerated  size  of  the  open  hand  and  of  the 
naked  foot  with  the  absurd  tapering  of  the 
lower  limbs  of  the  Virgin,  ending  in  the  im- 
possible small-booted  feet.  We  have,  too,  the 
humping  of  the  shoulders  in  the  figure  of  the 
Virgin,  which  we  saw  in  the  figures  of  the 
Utrecht  Psalter.  But  the  artist  was  not  con- 
scious of  these  defects,  which,  in  our  eyes, 
appear  so  glaring ; and  it  is  noticeable  that 
the  student  of  these  early  attempts  of  the  art 
of  the  Middle  Ages  insensibly  unlearns,  as  it 
were,  the  rules  of  perspective,  and  gradually 
falls  back  into  the  position  of  the  artists  who 
produced  them,  forgetting  the  shortcomings  in 
his  admiration  for  the  real  merits  of  their 
performances.  It  is  probable  that  the  manu- 
script which  contains  this  drawing  was  exe- 
cuted in  the  royal  city  of  Winchester,  which, 
at  this  period,  had  become  the  centre  of 
English  art  in  the  southern  part  of  the  country. 
In  this  volume  also  we  have  an  excellent 
example  of  the  ornamentation  of  the  illu- 
minated manuscripts  of  the  school  in  the 
large  B of  the  word  Beatus  which  com- 
mences the  Psalms.  The  favourite  designs 
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of  the  Anglo-Saxon  artist  for  his  decorative 
initials  and  borders  mainly  consisted  of  con- 
ventional foliage,  the  germ  of  which,  we  think, 
is  to  be  found  in  the  classical  architectural  leaf 
mouldings  which  were  imitated,  so  much  in 
Frankish  illuminated  manuscripts,  and  were 
thus  brought  to  the  notice  of  our  native 
draughtsmen.  Within  boundaries  these  mould- 
ings are  kept  in  restraint,  and  vary  but  little 
from  their  models ; but  in  open  spaces  where 
the  artist  had  scope  for  his  invention  he  allowed 
it  to  run  free,  and  filled  his  initials  and  borders 
with  a profusion  of  interlaced  and  entwined  leaf- 
age, not  forgetting  also  to  make  use  occasionally 
of  those  knotted  and  interlaced  patterns  which 
he  had  learnt  from  his  fellow-artists  of  the  north. 

The  most  elaborately  ornamented  Anglo- 
Saxon  manuscript  of  this  time  now  in  existence 
is  the  Benedictional  of  St.  Ethelwold,  Bishop 
of  Winchester  from  963  to  984,  which  is  in 
possession  of  the  Duke  of  Devonshire.  It  has 
as  many  as  thirty  illuminated  miniatures  and 
thirteen  other  ornamental  pages,  and  originally 
contained  even  more.  It  is  a sumptuous 
example  of  the  Winchester  school,  brilliantly 
painted  and  profusely  gilded.  Selecting  one 
of  the  pages  of  the  engraved  reproductions  in 
Archceologia,  representing  the  visit  of  the 
women  to  the  Sepulchre,  we  have  the  same 
character  of  figure-drawing  as  in  our  other  ex- 
amples, and  an  instance  of  florid  ornamenta- 
tion of  the  border,  exhibiting  the  leaf  moulding 
in  the  compartments  of  the  frame  work  and  the 
luxuriance  of  foliage,  to  which  we  have  referred, 
in  the  elaborate  corner  pieces. 

Besides  the  illustrated  Psalter,  a favourite 
book  for  artistic  treatment  appears  to  have 
been  the  “ Psychomachia  ” of  Prudentius, 
copies  of  which  were  imported  into  England 
from  the  Continent.  It  is  from  an  English 
drawing  from  a manuscript  of  this  work  that 
we  may  form  a very  favourable  opinion  of  the 
powers  of  the  Anglo-Saxon  school  of  the  south 
in  the  first  half  of  the  nth  century.  This 
drawing  is  to  found  in  a manuscript  of  the 
Cottonian  collection  (Cleopatra,  c.  viii.)  The 
scene  represents  Humility  taking  flight  to 
Heaven  in  the  presence  of  the  Virtues,  in  which 
the  flying  figure  is  particularly  graceful,  and 
the  drawing  is  only  marred  by  the  exaggera- 
tion of  the  open  hand.  The  disposal  of  the 
draperies  is  especially  good,  and  bears  witness 
to  the  dexterity  which  the  Anglo-Saxon  artist 
had  by  this  time  acquired  in  this  kind  of 
drawing,  for  it  is  to  be  borne  in  mind  that 
this  miniature  is  only  a lightly  sketched 
illustration. 


To  close  our  series  of  examples  of  the  Anglo- 
Saxon  school,  we  turn  to  a Psalter  (Cotton 
MS.,  Tiberius  C.  vi.)  executed  about  the 
middle  of  the  nth  century,  which  has,  un- 
fortunately, suffered  a good  deal  from  the 
effects  of  fire,  and  we  select  a remarkably  noble 
drawing  of  St.  Michael.  In  the  rendering  of 
the  militant  saint’s  figure  the  artist  has 
been  very  successful ; but  the  character  of 
the  Old  Dragon  has  proved  too  much  for 
him,  and  he  has  produced  a creature  whose 
tame  docility  is  a proof  that  animal- 
drawing was  not  the  forle  of  this  draughts- 
man. 

From  the  few  specimens  of  Anglo-Saxon 
drawing  that  we  have  had  before  us,  we  are 
able  to  distinguish  the  leading  characteristics 
of  the  southern  school.  A pure  and  realistic 
style  of  outline  drawing  is  developed,  the 
strength  of  which  lies  in  delicacy  of  touch  and 
pleasing  treatment  of  the  draperies.  On  the 
other  hand,  a tendency  to  over-refinement  and 
exaggeration  is  apparent,  which,  had  the  native 
school  continued  to  develope  uninfluenced  by 
foreign  styles,  might  certainly  have  degenerated 
into  the  grotesque.  In  our  photographic 
reproductions,  unfortunately,  we  are  unable  to 
give  the  colours  of  the  originals.  As  a general 
rule  the  southern  artists  showed  excellent  taste 
in  their  selection  : light  tints  being  most  in 
favour.  The  best  effects  were  produced  by 
tinting  or  slightly  washing  with  colours.  Body- 
colours  was  also  employed,  but,  in  general,  too 
heavily. 

The  influence  which  the  introduction  of 
Norman  art  into  England  wrought  upon  the 
native  school  was  greatly  to  the  advantage  of 
the  latter.  The  grafting  of  the  foreign  style 
on  the  outline  drawing  of  the  Anglo-Saxons 
lent  to  it  a strength  which  checked  the  affecta- 
tion towards  which  it  was  tending;  and  the 
bold  free  drawing  which  resulted  is  a con- 
spicuous feature  in  manuscripts  ornamented  in 
England  during  the  next  three  centuries.  The 
favour  shown  to  this  style  of  drawing  during 
that  period  is  no  doubt  due,  in  the  first  instance, 
to  the  success  with  which  outline-drawing  had 
been  so  long  practised  under  the  Anglo-Saxon 
kings.  Of  course  in  some  localities  and  under 
some  conditions  the  foreign  style  of  illumina- 
tion entirely  ousted  the  native  style ; and  this 
result  is  perhaps  more  prevalent  in  regard  to 
actual  decoration,  as  distinguished  from  the 
higher  style  of  drawing.  Still,  the  law  always 
holds  good  that  national  feeling  will  never  fail 
in  the  end  to  assert  itself,  and,  if  the  Normans 
succeeded  in  planting  their  art  in  the  country 
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of  their  new  conquest,  sooner  or  later  it  received 
the  stamp  of  English  nationality. 

How  far  the  foreign  influence  had  affected 
the  Winchester  school  of  illumination  some 
hundred  years  after  the  Conquest  may  be 
judged  from  a series  of  paintings  which  occur 
in  a Psalter  written  in  Latin  and  Norman- 
French,  in  parallel  columns,  soon  after  the 
middle  of  the  12th  century.  The  manuscript 
(Cotton  MS.,  Nero  C.  iv.)  was  executed  in 
the  monastery  of  St.  Swithin  at  Winchester, 
and  soon  afterw^ards  passed  to  the  nuns 
of  Shaftesbury  Abbey  in  Dorsetshire.  Turn- 
ing to  the  painting  which  represents,  in 
two  scenes,  David  delivering  the  lamb  from 
the  lion’s  mouth,  and  Samuel  anointing  David, 
we  find  much  to  remind  us  of  the  earlier  Anglo- 
Saxon  methods.  The  most  distinctive  charac- 
teristic of  the  drawing  lies  in  the  treatment  of 
the  drapery,  which  clings  to  the  limbs  and 
indicates  their  outline  very  markedly.  This 
peculiarity  is  evident,  though  in  a more 
incipient  stage,  in  the  earlier  manuscripts  of 
the  Anglo-Saxon  period,  and,  judging  from 
other  exam.ples,  it  seems  to  be  a special 
developement  of  the  Winchester  school.  Again, 
in  the  tree  which  fills  the  background  of  the 
first  subject,  with  its  curiously  close-packed 
top  of  foliage  and  its  wide-spreading  branches, 
we  recognize  a connection  with  the  luxuriant 
leaf  ornamentation  of  the  Anglo-Saxons.  From 
the  same  manuscript  we  select  another  of  the 
series  of  paintings,  representing  the  jaws  of 
Hell  and  the  torments  of  the  damned  : a com- 
position which  indicates  imaginative  power, 
and  shows  much  force  in  the  execution — the 
graceful  figure  of  the  angel,  who  is  locking 
the  gates,  contrasting  pleasingly  with  the 
tormented  crowd  in  the  abyss. 

A beautiful  series  of  drawings,  in  a roll  in  the 
British  Museum  (Harley  Roll  Y.  6),  illustrating 
scenes  from  the  life  of  St.  Guthlac,  gives  us  an 
excellent  idea  of  the  developement  to  which 
outline-drawing  had  attained  in  England  in  the 
12th  century.  Here  again  in  the  careful  treat- 
ment of  the  drapery  is  manifest  the  result  of 
the  old  teaching ; but  a greater  depth  is 
obtained  by  the  stronger  definition  of  the 
shadows  in  the  folds.  The  scene  of  the  death 
of  the  saint  is,  altogether,  the  best  of  the 
series. 

It  will  have  been  observed  that,  in  our  review 
of  the  different  examples  which  have  passed 
under  our  eyes,  we  have  been  gradually  falling 
into  two  lines  of  illustration  which  tend,  as  we 
advance,  to  become  more  and  more  distinct, 
and  that  at  one  time  we  have  under  con- 


sideration a specimen,  the  chief  interest  of 
which  lies  in  its  treatment  as  a painting,  and 
at  another  time  a specimen  whose  merit  is 
altogether  its  value  as  a drawing.  In  a word, 
our  manuscripts  divide  themselves  into  two 
groups,  and  at  the  point  at  which  we  have  now 
arrived  the  line  of  division  is  clearly  defined. 
In  the  one  group  we  have  miniatures  which  are 
true  illuminations,  works  resplendent  with  gold 
and  colours ; in  the  other  we  have  miniatures 
which  are  rather  of  the  nature  of  illustrative 
drawings  (not  less  artistic  than  the  illuminated 
group,  nay,  not  infrequently  surpassing  it  in 
merit),  in  which  colour,  if  used  at  all,  is  only 
sparingly  employed.  In  some  manuscripts 
we  find  both  styles  intermingled.  Again, 
quite  apart  from  the  miniature,  we  shall  also 
have  now  to  consider  the  developement  of  the 
initial  and  the  border,  which  belong  to  the 
generally  more  mechanical  department  of 
book-decoration,  but  which,  notwithstanding, 
play  a most  important  part  in  the  history  of 
mediaeval  art. 

We  turn  now  to  consider  some  of  the  examples 
of  the  illuminated  group  of  miniatures,  and  our 
first  is  selected  from  an  English  manuscript  of 
the  1 2th  century  of  the  Norman  type  (Royal 
MS.  2 A.  xxii,),  executed  at  Westminster, 
probably  in  the  later  years  of  Henry  the 
Second’s  reign.  Here  again  our  manuscript 
is  a Psalter,  a favourite  work  for  illustration 
at  this  period.  The  painting  now  before  us  is 
a most  beautiful  picture  of  the  Virgin  and 
Child,  the  drawing  strong  and  bold,  and  the 
rich  colours  enhanced  by  a background  of 
burnished  gold,  which  now  begins  to  make  its 
appearance  in  illuminations.  The  features  are 
pallid,  and  are  worked  up  with  white  applied 
in  a thick  pigment,  a method  which  seems  to 
have  found  favour  in  England  at  this  period, 
and  which  we  find  still  marking  English  work 
at  a later  time.  Certain  distinctive  colours, 
too,  now  first  appear  in  our  manuscripts,  and 
often  provide  us  with  the  means  of  identifying 
English  work  at  a time  when  the  styles  of 
England,  of  northern  France,  and  of  the  Low 
Countries  bore  a close  resemblance  to  each 
other.  We  must  not  leave  this  fine  manuscript 
without  glancing  at  a particularly  fine  render- 
ing of  the  enthroned  Christ,  on  which  the  artist 
has  surely  concentrated  his  best  efforts. 

As  in  other  branches  of  art,  the  transition 
from  the  style  of  book-decoration  of  the  12th 
century  to  that  of  the  13th  century  is  very 
marked.  The  contrast  between  the  broad 
drawing  of  the  former  period  and  the  more 
meagre  but  still  beautiful  style  of  the  later 
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time  strikes  the  most  casual  observer.  The 
large  book  gives  place  to  the  small  one  ; the 
bold,  round  handwriting  of  the  12th  century 
is  exchanged  for  one  narrow  and  compressed ; 
and  the  large  florid  initial  shrinks  into  the 
delicate  little  letter,  with  its  artistic  pendant, 
which  we  see  so  frequently  in  those  minutely- 
written  Bibles  which  were  produced  in 
hundreds  in  the  13th  century. 

One  of  the  most  interesting  manuscripts  of 
the  latter  century  recently  come  to  our  know- 
ledge, is  a Psalter  of  about  the  year  1250,  be- 
longing to  the  Duke  of  Rutland,  which  was 
exhibited  at  the  Society  of  Antiquaries  two 
years  ago.  It  was  probably  executed  for  the 
family  of  De  Laci,  and  the  locality  of  its  origin 
may  be  in  the  west  of  England,  not  improbably 
in  Shropshire.  It  contains,  among  others,  a 
remarkably  fine  miniature,  representing  the 
scene  in  which  Saul  casts  his  javelin  at  David- 
This  is,  indeed,  a most  beautiful  piece  of  draw- 
ing. Setting  aside  the  stiffness  which  is 
characteristic  of  the  time,  nothing  can  be 
better  than  the  general  effect  of  the  composi- 
tion, and,  in  particular,  than  the  graceful  pose 
of  the  female  figure  in  the  background.  The 
contrast  with  the  broader  style  of  the  drawing 
of  the  Westminster  Psalter  will  not  escape 
observation. 

We  will  now  revert  to  the  other  group  of 
manuscripts,  in  which  outline-drawing  holds  the 
prominent  place,  and  we  find  under  our  hands 
a series  of  volumes  ornamented  in  this  manner 
in  the  great  monastery  of  St.  Albans,  so  famous 
in  the  13th  century  for  the  school  in  which  the 
historian  Matthew  Paris  is  so  great  a figure. 
And  first  we  select  a drawing  of  the  Virgin 
and  Child  (Royal  MS.  2 B.  vi.),  which, 
though  not  reaching  to  the  excellence  of  a 
finished  work  of  art,  is  interesting  as  carrying 
on  the  old  tradition  of  English  drawing  in  the 
elaborate  working  of  the  drapery,  and  more 
particularly  for  the  manner  in  which  the  features 
are  treated,  a manner  seemingly  characteristic 
of  the  St.  Albans  school.  The  date  of  execu- 
tion may  be  about  the  year  1260.  Next  we 
take  an  example  of  historical  illustration 
from  the  Life  of  Offa  (Cotton  MS.  Nero 
1).  i),  by  Matthew  Paris,  who  himself  may 
have  been  the  artist.  In  this  drawing  we 
see  how  good  an  effect  is  obtained  by  the 
strengthening  of  certain  of  the  lines.  But  a real 
masterpiece  is  to  be  found  in  the  same  volume 
— a magnificent  figure  of  Christ,  sketched  in 
rather  faint  outline,  and  slightly  washed  in 
the  folds  of  the  drapery.  We  have  the  rare 
satisfaction  of  knowing  the  name  of  the 


draughtsman  of  this  fine  work — the  mediaeval 
artist,  from  custom  or  modesty,  rarely 
giving  his  name  — “hoc  opus  fecit  frater 
Willelmus  de  ordine  Minorum,  socius  beati 
Erancisci,  secundus  in  ordine  ipso,  con- 
versacione  sanctus,  nacione  Anglus.”  There 
is  an  interesting  incident  connected  with  this 
drawing.  On  the  back  of  the  leaf  Matthew 
Paris  negligently  wrote  some  lines  of  notes, 
but,  suddenly  remembering  the  figure,  he  broke 
off  and  only  added  this  memorandum:  “Nichil 
amplius  scribatur  in  hac  pagina,  ne  deterior- 
etur  ymago ; quia  pergamenum  diaphonum 
est,  et  melius  videri  potest,  si  apponatur  luci.” 
Here  we  leave  the  drawing  of  the  13th 
century ; but  there  is  a famous  manuscript 
which,  although  it  really  falls  within  the 
boundary  of  the  14th  century,  yet  has  so  much 
in  it  characteristic  of  the  older  sentiment,  and 
which  moreover  contains  such  brilliant  examples 
of  both  the  styles  which  we  have  been  discussing, 
the  illuminated  miniature  and  the  drawing, 
that  we  will  describe  it  at  this  point  before 
turning  to  another  branch  of  our  subject. 
This  manuscript  is  the  well-known  Psalter, 
called  Queen  Mary’s  Psalter  (Royal  MS. 
2 B.  vii.)  from  its  having  once  belonged 
to  Queen  Mary  Tudor.  It  is  certainly  one  of 
the  finest  manuscripts  of  its  period  in  existence, 
and  probably  one  of  the  finest  ever  pro- 
duced. The  early  part  of  the  volume  is 
occupied  by  an  exquisite  series  of  tinted 
drawings  of  scenes  from  Bible  history,  and, 
accompanying  the  text,  are  the  most 
perfect  miniatures  in  gold  and  colours  and 
other  illuminated  ornamentation.  The  minia- 
ture of  the  Last  Judgment  is  one  of  the  finest 
in  the  volume,  and  contains  within  the  page 
examples  of  the  different  methods  of  ornamen- 
tation practised  by  the  illuminator  of  the 
period.  The  subject  itself  is  in  two  compart- 
ments : in  the  upper  one  is  Christ  the  Judge, 
seated  on  the  rainbow  and  accompanied  by 
angels  bearing  the  instruments  of  the  Passion, 
with  the  Virgin  Mary  on  His  right  hand  inter- 
ceding for  mankind,  the  background  being  of 
burnished  gold  ; in  the  lower  compartment  the 
dead  are  seen  rising  from  their  graves  at  the 
sound  of  the  last  trump,  the  background  being 
of  a diapered  pattern  in  colours.  Again  there 
is  a group  of  adoring  figures  within  the  initial 
letter  of  the  Litany ; and,  quite  independent  of 
the  main  subject  above,  one  of  those  charming 
little  tinted  drawings  with  which  the  volume 
abounds  is  introduced  into  the  lower  margin, 
and  represents  Saul  receiving  the  letters  to 
Damascus  for  the  persecution  of  the  saints. 
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From  the  series  of  tinted  illustrations  of  Bible 
history,  which  occupy  the  early  part  of  the 
volume,  we  may  select  one  representing  the 
finding  of  the  infant  Moses  by  Pharaoh’s 
daughter,  and,  in  the  lower  compartment,  an 
apocryphal  incident  of  Moses,  as  a child  in 
Pharaoh’s  Court,  striking  the  son  of  the  Egyp- 
tian king,  who,  as  the  inscription  tells  us, 
thereupon  condemns  him  to  death,  but  “tote 
la  Court  prie  pur  ly,”  The  drawing  of  the 
subjects  througout  this  manuscript  is  remark- 
able for  its  delicacy  ; and  it  will  be  observed 
that  the  graceful  effect  is  much  enhanced 
by  the  flexible  pose  of  the  figures,  which 
is  so  characteristic  of  the  period  of  the  early 
14th  century. 

The  growth  of  the  ornamental  initial  and 
border  must  now  claim  our  attention.  The 
marked  change  which  came  over  the  art  of 
illumination  in  the  13th  century  makes  that 
period  a fresh  starting  point  for  the  develope- 
ment  of  this  branch  of  book-decoration.  The 
illuminated  initial,  the  body  of  which  is  filled 
either  with  a conventional  design  or,  as  often, 
with  a miniature,  is  accompanied  by  a pendant 
which  fills  more  or  less  of  the  margin.  The 
design  of  this  pendant  is  usually  simple,  a bar 
or  rod,  sometimes  branching,  and  terminating 
in  a grotesque  or  bud  or  incipient  leaf.  Such  we 
may  find  in  numbers  in  the  multitude  of  small 
Bibles  w'hich  came  into  vogue  at  this  time.  A 
good  example  occurs  in  a finely-written  manu- 
script in  the  Royal  Collection  (i  D.  i.)  of  the 
middle  of  the  century.  Of  a more  elaborate 
character  are  the  borders  of  a manuscript 
(Additional  MS.  24  686)  executed  for  Alphonso, 
the  son  of  Edward  the  First,  who,  how^ever, 
died  in  1284,  before  it  was  completed.  But 
the  advance  in  style  is  here  rather  due  to  the 
accessories,  the  actual  border  having  developed 
only  in  a slight  degree  in  the  growth  of  the 
terminal  foliage.  But  when  we  cross  the 
threshold  of  the  14th  century  we  at  once  are  in 
presence  of  a great  change  ; the  bud  or  incipient 
leaf  has  now  developed  into  a full-grown  leaf, 
and  the  border  creeps  farther  and  farther  round 
the  margins  of  the  page.  It  is  at  this  time  that 
the  border  which,  in  its  13th  century  form,  was 
much  the  same  in  England  and  in  France 
and  in  the  Low  Countries,  assumes  a national 
dress  in  those  countries,  each  diverging  from 
the  others  more  and  more  as  time  proceeds.  In 
England  the  border  soon  shows  a tendency  to 
develope  into  a solid  frame,  throwing  out 
branches  of  foliage  which  become  more  and 
more  conventional ; but  there  are  many  varieties 
in  intermediate  stages  between  this  final  shape 


and  the  simple  form.  We  may  select  a good 
characteristic  border  of  about  the  first  quarter 
of  the  14th  century  from  a manuscript 
(Arundel  MS.  83)  which  w'as  executed  in  the 
eastern  counties  and  probably  belongs  to  a 
school  of  illumination  which,  as  there  is 
evidence  to  show,  flourished  at  Norwich  about 
this  time.  In  this  specimen  we  have  the 
ornamental  initial,  within  w’hich  is  a miniature 
of  the  Trinity,  throwing  off  from  its  upper  and 
lower  marginal  corners  foliated  branches  which 
are  carried  as  a frame  round  the  four  sides  of 
the  text.  Along  with  the  conventional  foliage, 
it  is  to  be  observed,  the  English  artist  was  fond 
of  introducing  into  his  borders  flowers  and 
leaves,  &c.,  in  their  natural  forms.  Thus  we 
here  have  the  daisy,  a very  favourite  subject, 
oak-leaves  and  acorns,  and  nuts. 

In  order  to  conclude  at  this  point  what  we 
have  to  say  of  the  developement  of  the 
border,  we  must  break  for  a moment  the 
chronological  order  that  we  have  been  ob- 
serving and  glance  at  the  curious  conven- 
tional shapes  which  the  foliage  of  the 
borders  in  English  manuscripts  assumed  at  the 
beginning  of  the  15th  century — a strange 
arrangement  of  clustering  leaves  and  sprays  of 
feathery  and  spoon-shaped  leaves  and  flowers 
far  removed  from  anything  of  the  kind  in 
nature. 

We  draw  upon  our  manuscript  of  the 
Norwich  school,  a Psalter,  profusely  orna- 
mented with  miniatures,  to  illustrate  the 
progress  of  the  illuminated  paintings  of  the 
period.  The  Crucifixion  here  depicted  on  a 
full  page  is  a highly-wrought  example  of  the 
subject  conventionally  treated,  the  figure  of 
the  Saviour  retaining  much  of  the  feeling  of 
the  preceding  century ; but  the  figures  of 
the  Virgin  and  St.  John  being  less  severe. 
The  back  ground  is  a brilliant  diapered  field 
of  gold  and  colours.  And,  again,  from  the 
same  source  the  very  charming  group  of  the 
three  living  kings,  in  their  encounter  with  the 
three  dead  kings,  must  not  be  overlooked,  with 
its  accompanying  text  in  French  and  English. 

To  bring  this  period  of  our  subject  to  a 
close,  we  will  place  upon  the  screen  a single 
example  of  beautiful  outline-drawing,  which 
occurs  in  a series  of  illustrations  in  a French 
version  of  the  Apocalypse  (Royal  MS.  19 
B.  XV.),  written  in  England  about  the  year 
1330.  It  is  a single  figure,  sketched  in  with 
a few  simple  lines  in  the  most  charming  style: 
the  mighty  angel  who  “took  up  a stone,  like 
a great  millstone,  and  cast  it  into  the  sea, 
saying,  Thus,  with  violence,  shall  that  great 
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city  Babylon  be  thrown  down,  and  shall  be 
found  no  more  at  all.”  Let  us  carry  back  our 
thoughts  to  the  outline  drawing  of  our  Anglo- 
Saxon  artists,  and  review  in  memory  the 
developement  of  that  art  as  we  have  seen  it 
pass  before  our  eyes  this  evening,  and  none 
will  deny  that  the  draughtsman  who  could 
produce  this  drawing  was  not  unworthy  of 
those  who  had  gone  before  him. 

After  this  period  there  is  a remarkable  dearth 
of  English  illuminated  manuscripts  of  a high 
order ; and  during  the  long  reign  of  Edward  III., 
as  far  as  can  be  judged  by  surviving  examples, 
there  appears  to  have  been  a decided  decline  in 
the  art  of  illumination.  We  have,  in  fact,  to  wait 
till  the  period  of  Richard  II.,  when  we  discover 
a school  of  painting  distinguished  by  its  fine 
colouring  and  richness  of  decoration  ; and  we 
have  to  pass  towards  the  end  of  the  century 
before  we  find  a specimen  of  English  illumina- 
tion of  real  artistic  merit.  A great  Bible  of 
this  period  in  the  Royal  collection  (i  E.  ix.) 
is  splendidly  decorated  with  miniature-initials 
and  miniatures  and  borders  representing  the 
work  of  this  school.  The  special  characteristic 
of  the  style  is  the  careful  modelling  of  the 
features  of  the  face,  a characteristic  which  is 
noticeable  also  in  the  pictures  of  the  time, 
together  with  brilliant  colouring  and  a pro- 
fusion of  pounced  gilding.  In  one  of  the 
initials,  which  stand  at  the  head  of  the  several 
books,  there  is  a very  finely-drawn  figure  of  St. 
Jerome,  which  conveys  a good  idea  of  the 
excellence  of  the  art  of  this  volume. 

Of  the  same  period,  but  a few  years  later,  is 
the  famous  Sherborne  Missal,  belonging  to  the 
Duke  of  Northumberland,  one  of  the  few 
manuscripts  of  which  we  know  the  names  of 
both  writer  and  artist.  It  is  a large  volume, 
executed  at  the  Benedictine  abbey  of  St.  Mary 
of  Sherborne,  in  Dorsetshire,  at  the  beginning 
of  the  15th  century,  probably  at  the  expense 
of  Richard  Mitford,  Bishop  of  Salisbury  from 
1396  to  1407,  and  the  contemporary  abbot  of 
Sherborne,  Robert  Bruynyng,  who  held  the 
abbacy  from  1386  to  1415.  The  repeated 
occurrence  of  the  figures  of  the  bishop  and 
the  abbot,  together,  in  several  of  the  borders 
proves  that  they  had  a common  interest 
in  the  work.  The  writer  and  the  artist 
were  both  named  John,  and,  curiously,  their 
surnames  were  not  unlike.  John  Was  or 
Whas  wrote  the  text,  and  John  Siferwas  orna- 
mented the  book  or  superintended  its  orna- 
mentation. The  latter  was  not,  however,  an 
inmate  of  the  house,  but  a Dominican,  and  is 
known  as  the  artist  of  at  least  another  manu- 


script. It  is  evident,  from  the  way  in  which 
scribe  and  artist  are  constantly  associated  in 
details  of  the  ornaments,  that  they  had 
a humourous  appreciation  of  the  situation. 
Altogether  the  artist  had  the  pleasantest  por- 
tion of  the  task.  John  Whas,  the  scribe,  had 
to  plod  on  with  his  writing,  while  his  friend 
was  designing  at  leisure  : “ Librum  scribendo 
Jon  Whas  monachus  laborabat ; et  mane 
surgendo  corpus  multum  macerabat.”  But 
we  are  here  concerned  with  the  work  of  the 
artist,  and  select  a page  which  was  un- 
doubtedly decorated  by  Siferwas’ s own  hand, 
showing  that  he  was  not  only  skilful  in  the 
execution  of  the  ordinary  character  of  orna- 
ment, but  also  that  he  was  a draughtsman  of 
refined  touch. 

Some  few  other  manuscripts  there  are,  alas! 
too  few,  of  the  close  of  the  14th  and  beginning 
of  the  15th  centuries,  which  prove  that  the  old 
artistic  traditions  of  the  English  school  of  illu- 
mination were  not  forgotten ; but  the  promise 
was  not  fulfilled.  The  wars  with  France 
and  the  convulsions  of  the  war  of  the  Roses 
seem  to  have  extinguished  the  last  efforts  of 
the  native  artists ; and  henceforward  the 
influence  of  the  French  style  becomes  so 
predominant  that  for  the  rest  of  the  15th 
century  the  English  art  of  illumination  is 
practically  dead. 

Here  then  we  close  our  survey.  As  I have 
elsewhere  observed,  the  student  of  the  subject 
will  find  that  from  the  earliest  time  there  has 
been  in  this  country  no  lack  of  either 
mechanical  or  artistic  skill.  “ The  wonderful 
decoration  of  the  Irish  school  was  practised 
successfully  in  the  8th  century  ; and  the  free- 
hand drawing  of  our  artists  under  the  Anglo- 
Saxon  kings  was  incomparably  superior  to 
the  dead  copies  from  Byzantine  models 
which  were  in  favour  abroad.  The  artistic 
instinct  was  not  destroyed,  but  rather 
strengthened,  by  the  incoming  of  Norman 
influence  ; and  of  the  12th  and  13th  centuries 
there  is  abundant  material  to  show  that  English 
book-decoration  was  then  at  least  equal  to  that 
of  neighbouring  countries.  For  our  art  of  the 
early  14th  century  we  claim  a still  higher 
position,  and  contend  that  no  other  nation 
could  at  that  time  produce  such  graceful  draw- 
ing. Certainly  inferior  to  this  high  standard 
of  drawing'  was  the  work  of  the  latter  part  of 
that  century;  but  still,  in  the  miniatures  and 
decorations  of  this  time  we  have  examples  of 
a rising  school  of  painting  which  bid  fair  to 
attain  to  a high  standard  of  excellence,  and 
which  only  failed  from  political  causes.” 
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DISCUSSION. 

Mr.  Lionel  Cust  said  he  must  express  his  gratitude 
to  Sir  Edward  Thompson  for  having  brought  before 
them  two  very  interesting  specimens  of  English 
portraiture,  one  the  portrait  of  Chaucer,  which  he 
thought  it  was  a great  pity  was  in  the  British 
Museum  instead  of  in  the  National  Portrait  Gallery, 
and  the  other  the  extremely  interesting  portrait  of 
Lord  Lovell.  John  Siferwas  was  evidently  an  artist 
of  genuine  merit,  and  for  any  miniature  painter  of 
that  day  to  have  produced  so  real  and  definite  a 
portrait — not  a mere  convention — was  a great  dis- 
tinction for  England.  He  did  not  know  any  other 
country  which  could  show  a portrait  of  so  intimate 
and  private  a nature  of  such  excellence  at  such  an 
early  date. 

Mr.  Mathew  Webb  remarked  that  in  one  of  the 
photographs,  in  the  lower  portion,  there  was  a scene 
representing  a king,  queen,  and  ladies  seated  at  a 
table,  and  he  noticed  the  figures  showed  complete 
through  the  table.  He  should  like  to  know  if  in 
the  manuscript  itself  it  looked  like  an  amendment 
of  the  drawing,  or  whether  it  was  the  artist’s  way 
of  getting  at  the  true  proportions  of  the  figures. 
The  lower  part  seemed  to  exactly  fit  in  with  the 
upper  part  of  the  figures. 

Sir  Edward  Thompson  said  he  believed  it  was 
merely  the  drawing  on  the  other  side  of  the  leaf 
showing  through  the  vellum. 

Captain  Yates,  R.A.,  said  he  noticed  that  in 
all  the  portraits  of  the  Saviour  as  a child  on  the 
Virgin’s  knee,  the  right  hand  was  held  up  with  two 
fingers  up  and  two  down.  Among  Eastern  nations, 
where  he  had  spent  a good  many  years,  portraits 
were  always  drawn  like  that,  with  one  hand  held  up. 

Sir  Owen  Tudor  Burne,  G.C.I.E.,  K.C.S.I., 
on  behalf  of  the  Society,  expressed  thanks  to 
Sir  Edward  Thompson  for  his  very  interesting  and 
instructive  paper. 

Mr.  Alan  S.  Cole  said  he  also  had  been  extremely 
interested  in  the  paper,  and  he  particularly  admired 
the  specimens  of  pictures  shown  in  the  lantern, 
which  were  so  admirably  selected. 

Mr.  William  Gowland  said  this  was  a subject 
with  which  he  was  not  very  familiar,  but  he  should 
like  to  say  one  thing  about  the  position  of  the  hand, 
which  had  been  referred  to  by  Captain  Yates.  He 
should  go  a little  further  east  than  India;  in  China 
and  Japan  the  holding  of  two  fingers  up  and  the  other 
two  and  the  thumb  down  was  seen  on  Buddhist 
altar  paintings,  and  when  the  chief  founder — now 
canonized — of  one  sect  of  Buddhism  was  represented 
it  was  always  in  that  attitude.  The  date  at  which  that 
first  appeared  in  Japanese  pictures,  which  were 


probably  copied  from  earlier  ones  in  China,  was  about 
the  8th  century. 

Mr.  Hugh  Stan n us  said  they  were  much 
indebted  to  Sir  Edward  Thompson  for  the  admirable 
manner  in  which  he  had  presented  the  facts.  He 
had  given  a complete  epitome  of  the  illuminators 
from  the  early  influence  which  came  over  through 
Scandinavia  to  Iceland  and  Ireland,  and  thence 
to  Lindisfarne.  He  had  been  much  struck  by  the 
similarity  of  some  of  the  work  to  some  of  the  early 
Mycenaean  work.  Obviously  those  early  nations 
when  they  could  use  anything  similar  to  compasses, 
like  children  with  a new  toy,  were  anxious  to  make 
the  most  of  it,  and  they  drew  interlacing  circles 
in  all  directions,  filling  in  the  ground  between  with 
colour.  It  struck  him  there  was  the  same  character 
in  much  of  the  Lindisfarne  detail  as  in  a good  deal 
of  the  Mycenaean  work.  He  would  like  the 
Chairman’s  opinion  on  that  point.  Again,  in 
the  Canterbury  Psalter  a great  deal  of  the  detai 
seemed  to  be  Byzantine  in  character  rather  than 
Roman  ; he  referred  especially  to  the  leafage  and  the 
manner  in  which  the  leaves  were  joined  together 
without  any  stem  or  flower.  That  was  more  like 
what  is  seen  in  Oriental  churches  than  the  work 
seen  in  Rome  or  Pompeii.  Might  that  not  be  con- 
sidered as  the  result  of  some  Byzantine  MSS.  which 
had  come  over.  There  was  an  interesting  point 
about  the  pen  work  which  struck  him  as  a thing  to 
which  attention  might  be  drawn.  The  drapery  was 
very  like  the  zigzag  folds  in  archaistic  Greek  figures. 
Possibly  there  was  communication  with  Byzantium  as 
well  as  Rome,  or  some  Byzantine  work  must  have 
come  through  Rome  to  England,  and  if  so  that  would 
be  accounted  for.  With  regard  to  the  hand,  in 
one  of  the  beautiful  slides  shown  on  the  screen,  they 
were  accustomed  to  suppose  that  the  figure  of  the 
Saviour  with  the  hand  raised  was  in  the  attitude  of 
benediction  ; they  knew  that  the  Western  church 
blessed  in  the  name  of  a Trinity,  with  three  fingers  up 
and  two  down,  while  the  Eastern  church  blessed  in 
the  name  of  Jesus  Christ,  and  it  appeared  to  him  that 
the  fingers  with  the  curious  bend  were  rather  intended 
for  the  Eastern  form  of  benediction.  If  so  that  would 
be  another  reason  for  supposing  there  was  some 
Byzantine  influence  at  work. 

The  Chairman  said  it  was  not  usual  for  the  Chair- 
man to  answer  questions  put  in  the  course  of  the 
discussion,  but  as  he  had  been  appealed  to  on  two 
points  he  would  do  his  best.  First,  with  regard  to 
the  hand  in  the  attitude  of  benediction.  Curiously 
enough  it  occurred  as  the  principal  type  on  the  reverse 
of  a long  series  of  Saxon  coins,  struck  during  the 
reign  of  Ethelred  II.,  and  it  was  thoroughly  understood 
as  the  hand  of  Providence  coming  down  with  the 
two  fingers  extended  in  that  manner,  with  Alpha 
and  Omega  on  either  side,  showing  really  what 
was  designated  by  the  hand  in  that  particular 
form.  This  was  good  evidence  that  at  an  early 
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period  the  hand  in  that  position  was  considered 
to  be  the  hand  of  Providence  in  the  attitude  of 
benediction.  With  regard  to  the  art  of  Mycenae, 
that  would  open  up  a very  wide  field  for  discussion,  but 
he  might  say  that,  owing  to  the  peculiar  forms  of  orna- 
mentation ot  some  gold  ornaments  found  at  Mycenae, 
they  were  at  first  attributed  to  the  period  of  about 
A.D.  300  or  400,  instead  of  1200  or  1400  B.C.,  as  they 
should  have  been.  This  was  due  to  their  great  resem- 
blance to  what  were  known  as  late  Celtic  patterns. 
He  had  now  to  propose  a vote  of  thanks  to  Sir  Edward 
Thompson  for  the  interesting  paper  he  had  given. 
They  must  all  have  felt  that  not  only  was  the  matter 
admirably  arranged,  but  that  the  illustrations  were 
excellent  of  their  kind,  and  conveyed  exactly  what 
the  author  of  the  paper  wanted  to  demonstrate.  It 
was  remarkable  how  in  those  early  Lindisfarne  docu- 
ments you  found  a survival  of  the  style  of  ornamenta- 
tion which  prevailed  in  this  country  before  the 
Christian  era.  About  the  time  of  the  Roman 
invasion,  now  known  as  the  late  Celtic-period,  they 
had  a number  of  highly  ornamental  objects,  a few 
shields,  but  more  especially  miirors  ; and  at  Glaston- 
burg  certain  wooden  vessels  had  been  found  decorated 
in  a peculiar  manner  with  outlines  of  circles  — com- 
passes having  recently  been  introduced — and  those 
portions  were  sub-divided  by  other  circular  lines  and 
the  spaces  between  were  ornamented  with  cross- 
hatching.  There  was  a peculiarly  graceful  and  flow- 
ing character  about  this  ornamentation,  and  some  of 
the  backs  of  the  miiTors  were  very  excellent  samples 
of  what  could  be  done  by  means  of  a simple  com- 
bination of  a few  curved  lines,  combined  with  a small 
amount  of  cross-hatching.  There  were  also  some 
brooches  and  ornaments  on  which  there  were  spiral 
patterns  closely  coinciding  with  those  found  in  some  of 
the  Lindisfarne  ornaments,  and  that  peculiar  interlaced 
pattern  which  was  found  on  the  MSS.,  and  also  on 
the  corners  of  stone  crosses,  a sort  of  basket-work 
pattern  which  seemed  to  have  originated  from  the 
plaiting  together  of  osiers,  which  prevailed  very 
largely  on  the  crosses  in  the  north.  At  the  same 
time  that  simple  form  of  interlaced  ornament  was  not 
entirely  absent  in  Italy  and  other  parts  of  the 
Continent.  In  ail  probability  there  was  an  inter- 
change between  north  and  south,  quite  as  much  as 
at  present  by  the  migration  of  monks  and  ecclesiastics 
from  one  portion  of  the  dominion  of  Rome  to 
another.  The  system  of  drapery,  to  which  allusion 
had  been  made,  was  certainly  of  a Roman  character, 
and  it  would  be  found  from  time  to  time,  even  in  the 
vSaxon  period,  that  devices  engraved  on  Saxon  coins 
were  derived  from  common  Roman  coins  that  were 
turned  up  in  the  soil;  not  unfrequently,  the  “wolf 
and  twins  ” were  struck  at  a period  500  or  600  years 
after  the  coins  on  which  they  originally  appeared  had 
been  issued.  There  were  other  traces  of  Roman 
influence  on  the  coinage,  and  coinage  itself  might  to 
some  extent  be  compared  with  the  contemporary 
ornament,  whether  in  sculpture  or  illustration,  on 
MSS.  What  was  known  as  the  sovereign  type  of 


Edward  the  Confessor,  gave  a seated  figure  with  very 
well  defined  drapery,  very  much  in  the  style  of  the 
MSS.  of  the  time.  There  was  that  bold  marking| 
of  the  drapery  which  was  very  characteristic  of  the| 
ornamentation  of  the  period.  The  development  from 
one  stage  to  another,  the  influence  of  the  different 
schools  one  upon  the  other,  and  the  gradual 
development  of  a thoroughly  English  school,  had  been 
so  well  pointed  out  in  the  paper  that  he  need  not 
dwell  upon  it.  He  could  only  say  that  he  had  followed 
all  that  had  been  said  with  great  admiration,  and 
cordially  concuned  in  all  the  inferences  that  had 
been  drawn. 

The  vote  of  thanks  having  been  passed  unanimously. 

Sir  Edward  Maunde  Thompson,  in  reply,  said 
with  regard  to  the  Byzantine  feeling,  which  Mr. 
Stannus  observed  in  some  of  the  drawings,  it  was 
perfectly  true  that  Byzantine  art  had  a great  influence 
on  the  art  of  Western  Europe ; but  there  was  a broad 
division  between  the  Anglo-Saxon  drawing  and  that 
of  the  Continent : that  is,  that  while  the  Continent 
was  following  what  was  the  real  Byzantine  style,  the 
source  of  English  drawing  was  Roman,  but  still  no 
doubt  slightly  influenced  by  the  Byzantine  school. 
If  you  took  the  manuscripts  produced  in  the  Frankish 
Empire  of  Charlemagne,  and  put  them  side  by  side 
with  the  English,  there  could  be  no  hesitation  in  at 
once  drawing  the  line  between  the  Byzantine  style 
and  the  classical  style,  meaning  by  the  latter  the 
Roman,  as  followed  in  the  two  schools. 


Miscellaneous. 

♦ 

GOVERNMENT  PURCHASE  OF  RAIL- 
WAYS IN  SWITZERLAND. 

At  the  election  held  in  February  last  to  settle  the 
long  and  bitterly  discussed  question  of  the  purchase 
of  the  five  main  railway  lines  of  Switzerland  by  the 
Government,  the  total  number  of  votes  cast  was 
560,892,  each  citizen  above  the  age  of  21  having  the 
right  of  voting.  Of  this  number  of  votes  384,382 
were  in  favour  of,  and  179,511  against  the  purchase, 
making  a majority  in  favour  of  Government  ownership 
of  207,871.  The  lines  to  be  purchased  are  as  follows  : 
— ^Jura  Simplon,  Swiss  North-East,  Swiss  Central. 
United  Swiss,  and  Gotthard.  On  the  6th  of 
December,  1891,  the  question  of  the  purchase  of  the 
Swiss  Central  Railway  was  voted  upon  and  the  vote 
cast  was  420,500.  According  to  Consul-General  Du 
Bois,  of  St.  Gall,  the  number  in  favour  of  the  purchase 
was  130,500  and  the  number  opposed  was  290,000, 
the  majority  against  the  purchase  being  169,500. 
Thus  it  will  be  seen  that  there  has  been  since  1891  a 
great  change  in  the  minds  of  the  people  of  Switzerland 
concerning  the  Government  ownership  of  railways,  and 
this  change  has  been  brought  about  by  a thorough 
discussion  of  the  subject  in  the  Press  and  on  the 
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platform.  The  amounts  estimated  as  being  the  cost 
of  construction  and  equipment  of  the  five  main  lines 
are  as  follows: — Jura  Simplon,  10,900,000 ; Swiss 
North-East,  £8,8^0, 000 ; Swiss  Centriil,  5,640,000 ; 
United  Swiss,  ^,^3, 050, 000 ; Gotthard,  ^^9, 758,000, 
total  ;^38, 198,000.  The  total  length  is  1,700  miles, 
and  the  amount  that  the  Government  will  have  to  pay 
for  these  roads  is  estimated  at  about  ^^40,000,000. 
The  total  receipts  in  1897  were  ^^4, 144,000.  An 
average  of  5 per  cent,  dividends  have  been  declared 
during  the  past  five  years.  The  number  of  persons 
employed  is  about  25,000. 


Correspondence. 

♦ 

STAINED  GLASS  AND  MOSAIC  IVORY 

1 feel  myself  quite  unequal  to  contend  on  any  point 
of  practical  art  with  my  distinguished  colleague  in  the 
Applied  Art  Section  of  the  Society  of  Arts,  Mr. 
Lewis  Day,  yet  am  strongly  moved  to  most  respect- 
fully protest  against  his  dilatation  of  the  term 
mosaic  to  the  inclusion  in  this  class  of  artistic  pro- 
duction of  a stained,  coloured,  or  painted  glass 
window;  which  he  deliberately  says  is  “ quite  strictly 
a mosaic, — as  much  a mosaic  as,  for  example,  a 
Roman  pavement.”  He  indeed  endeavours  to  draw  a 
distinction  between  a window  ornamented  with  a 
pattern  in  stained  glass,  and  one  decorated  with  a 
picture,  as  a scene  from  the  lives  of  the  saints,  in 
pictorially  stained,  or,  more  strictly  speaking, 
“ painted  ” glass.  But  if  you  begin  dilating  technical 
terms,  which  are  useless  and  misleading  unless  strictly 
contracted  in  their  application,  and  unless  they  exactly, 
even  if  arbitrarily,  define  the  things  meant  by  them, 
you  cannot  consistently  draw  any  real  distinction  be- 
tween a pattern-painted  window  and  a scene-stained 
window  : and  if  ornamental  writing,  water-colouring, 
and  “ illumination,”  patterning  and  picturing  in 
“oils,”  enamels,  and  coloured  wax,  embroidery  and 
weaving,  and  mosaic  work,  are  all  fonns  of  painting 
(and  mosaic  has  been  enthusiastically  said  to  be  “ the 
only  painting  for  eternity  ”),  a patterned  window  is  as 
much  a painted  window  as  is  a pictured  window,  and 
no  more  a mosaic  than  a pictured  window  is  a mosaic. 

The  truth  is  that  the  use  of  a transparent, 
however  highly  tinctured,  glass,  instead  of  stone,  or 
clay,  or  glass  rendered  opaque  by  being  incrusted 
with  gold,  i.e.  “ Greek  [Byzantine]  glass”  [with 
which  St.  Sophia’s  and  St.  Marc’s  are  “ glorious 
within”],  makes  all  the  difference,  and  the  real 
distinction,  between  a stained  or  painted  window 
and  a mosaic.  It  is  simply  an  abuse  of  terms  talking 
of  a window  as  a transparent  mosaic.  There  is  no  such 
thing  as  a transparent  mosaic ; and  there  is  no  such 
thing  as  an  opaque  window,  unless  the  term  window 
is  also  to  be  extended  so  as  to  include  a door ! The 
word  “glass”  means  primarily  “transparent,”  like 
the  “ spacious  firmament  on  high,”  and  secondarily. 


sky-blue  (“  L'rench  grey  ”)  ; and  radically  it  is  the 
same  word  as  glaze,  glamour,  glance,  y\av^,*  gleam, 
glimmer,  glimpse,  gloss  (not  “ gloss,”  a commentar}’;, 
glow,  gloom,  and  glum,  and  glacier,  and  gladness, 
and  glory;  and  w-e  have  the  w’ord  also  in  such  British 
place-names  as  Glaisdale,  Glaslin,  Glas-nevin,  and 
(through  “St.  Kentigern,”  corrupted  to  Glaschu, 
“grey-hound”)  in  Glasgow.  Translucency,  glow, 
gleam,  and  glamour,  are  of  the  very  essence  of 
decorative  glass,  and  it  is  only  when  glass  is  rendered 
opaque,  as  in  the  Venetian  [and  old  Roman]  mille- 
Jiori  that  it  is  technically  called  “ mosaic  glass”  ! On 
the  other  hand,  opacity  is  of  the  very  essence  of 
mosaic  work,  as  is  plainly  indicated  by  its  Greek 
designation  \p-fj(pcuais,  “pebble-”  or  “cobble-work,” 
and  its  original  Latin  designation,  “ pavimentum 
lithostrotum.”  Mosaic  is  a term  of  Low  Latin  origin, 
and  in  no  w'ork  in  late  Latin  on  the  industrial  arts, 
is  the  term,  so  far  as  I am  aware,  ever  applied  to  the 
ornamentation  of  a window  with  stained  glass.  The 
word  is  “ musaic,”  pertaining  (not  to  Moses  or  to 
the  mosque  of  St.  Sophia,  as  have  both  been  seriously 
said,  but)  to  the  Muses  \cf\  music, f museum],  and 
therefore,  etymologically,  the  w'ord  applies  to  anything 
ornamental  or  artistic ; so  that,  if  people  w ill  be  un- 
technical,  an  oil  painting,  or  a statue,  or  an  opera,  or 
my  “ calligraphy,” — any  of  these  is  a mosaic. 

The  earliest];  description,  of  wLich  I am  aware,  of  a 
stained  glass  window  is  in  Prudentius  [a.d.  348 — 
?4io],  w'ho  praising  the  beauty  of  the  glass  in  the 
window's  of  the  Basilica  of  St.  Paolo  fuori  le  Mura 
at  Rome,  built  by  Constantine,  ||  exclaims,  “ Thus 
the  meadow's  laugh  with  the  flowers  of  Spring  ” : — 

“ Sic  prata  vernis  floribus  renident.” 

These  w'indow's  were  evidently  in  the  earlier  Oriental 
style  of  decorative  glazing,  of  which  we  have  a very 
effective  modern  example  in  the  windows  designed 
and  executed  by  Mr.  C.  Purdon  Clarke  for  the  little 
English  church  at  Alexandria.  Later,  there  is  a 
description  of  stained  glass  windows,  but  whether 
pictured  or  not  is  perhaps  ambiguous,  in  Sidonius 
Apollinaris  [a.d.  431-482]: — 

“Ac  sub  versicoloribus  figuris  \ 

Vernans  herbida  crusta  saphiratos, 

Flectit  per  prasinum  vitrum  lapillos.’’ 

• Compare  Aglaia,  &c. 

t In  the  romance  of  Parthenopex,  we  read: — 

“ Et  sont  d’or  Musique  aorne.” 

+ Lactantius  (De  Opificio  Dei)  and  St.  Jerome,  in  the  3rd 
and  4th  centuries,  mention  glass  windows,  but  it  is  doubtful 
if  their  references  are  to  coloured  windows.  .After  Prudentius 
and  Sidonius,  we  have  frequent  references  to,  and  descrip- 
tions of,  coloured  windows,  as  in  Eraclius  [loth  century] 
De  Artibus  Romanorum,  Rugerus  [“Theophilus  the  Alonk,” 
12th  century]  De  Diversibus  Artibus,  and  Alexius  [i6th 
century]  De  Secretis. 

II  Enlarged  by  Valentinian  II.  and  Theodosius,  and  burnt 
down  1823. 

} In  the  church  of  St.  Agnes  at  Rome  there  is  an  inscrip- 
tion, two  lines  of  which  are  worth  quoting  in  this  con- 
nection : — 

“ Aurea  concisis  pictura  metalli 

Et  complexa  siraul  clauditur  ipsa  dies.” 

I cannot  give  the  date  of  the  inscriptio 
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Mr.  Lewis  Day  justly  stigmatises  the  affectation  of 
people  who  “go  on  mumbling  the  old  legend  of 
‘ lost  secrets  ’ in  the  art  of  glass-making.”  It  is 
due  partly  to  the  old  confusion  of  the  craft-term 
“mystery,”  which  is  but  “magistery”  or  “mastery,” 
or,  as  some  have  it,  “ministry,”  with  “mystery”  {cf'. 
mum,  mute),  a “secret”  revealed  only  to  the 
initiated,  and  hidden  from  the  profane  Auilgar.  There 
is  the  same  confusion  in  the  use  by  ignorant  persons 
of  the  phrase  “mystery  play,”  which  but  means  a 
play  acted  by  “ craftsmen.” 

Yet  there  were  “masteries,”  long  laid  aside  by 
us,  in  the  framing  of  a glass  window,  which 
might  be  revived  with  advantage ; and  one  was  the 
dividing  of  the  coloured  plates  of  glass  with  red  hot 
pincers,  instead  of  with  the  diamond.  The  present 
practice  is  said  to  have  originated  in  a lover’s  quairel 
between  Francis  I.  and  the  Duchess  d’Etampes.  In 
his  anger  he  scratched  deeply  with  a diamond  ring 
on  a plane  of  glass,  still  preserved  at  the  Chateau 
Chambord,  the  well-known  lines  : — 

“ Souvent  femme  varie, 

Mai  habil  qui  s’y  fie.” 

It  is  a charming  story,  and  all  the  modem  mode 
of  cutting  stained  glass  has  to  recommend  it. 


Our  Lady’s^Day, 
i8q8. 


George  Birdwood. 


P.S. — The  Golden  “Ampulla”  of  the  British 
Regalia. — With  reference  to  the  suggestion  I threw 
out  in  the  discussion  on  Mr.  Cyril  Davenport’s  paper  on 
the  “British Regalia”  that,  the  golden  “ampulla”  said 
to  have  been  expressly  made  for  the  coronation  of 
Charles  II.  might  not  have  been  intended  to  represent, 
as  is  usually  said,  an  eagle,  but  a dove,  “the  anointing 
dove,” — a suggestion  I held  to  be  supported  by  the 
tradition  of  the  original  “ampulla”  used  in  the 
coronation  of  Henry  IV.,  13th  Oct.,  1399,  having 
been  a gift  of  the  Virgin  Mary — I find  that  a similar 
tradition  existed  in  Old  France  regarding  la  sainte 
ampulle  kept  in  the  tomb  of  St.  Remy  in  the 
cathedral  at  Rheims,  for  use  at  the  coronation  of 
the  French  kings.  According  to  the  legend,  this 
true  ampulla — a glass  phial — was  brought  down 
from  heaven  by  a dove,  for  the  baptism  and  coro- 
nation— by  St.  Remy — of  King  Clovis,  A.D.  496. 
The  phial  was  broken  to  pieces  by  the  Revolutionists 
in  1793  ; but  its  contents,  the  consecrated  semi-solid 
chrism  of  mixed  balm  and  frankincense,  were,  however, 
saved  by  the  Abbe  Seraine,  and  were  used  at  the 
consecration  of  Charles  X.  in  1825.  They  are  still 
prescr\^ed  in  the  original  shrine  in  the  cathedral  of 
Rheims.  After  this,  I feel  certain  that  the  “ampulla” 
of  Charles  II.  was  never  intended — or  only  of  “ second- 
hand intention,”  as 

“When  things  by  wrongful  names  you  mention  ” — 
to  be  an  eagle : and  in  form  it  is  not  an  eagle,  any 


more  than  it  is  a dove,  but  a plucked  turkey,  01 
rather  fowl — la  sainte  poule,  in  fact. 

All  Fools  Day,  GeO.  B. 

1898. 


STAINED  GLASS  WINDOWS. 

Mr.  John  Leighton,  F.S.A.,  writes  In  “the 
making  of  a stained  glass  window,”  the  great  difficul- 
ties the  designer  has  to  contend  with  are  the  leadings 
and  the  obscurations  of  light  by  the  stanchions  that 
grin  at  you  from  the  interior,  and  are  hardly  decorative 
from  the  exterior,  a defect  that  could  not  be  overcome! 
unless  the  leads  w^ere  gilt  and  the  stanchions  painted 
brightly,  to  come  forw’ard  instead  of  retire  as  they 
now  do,  and  thus  overcome  their  sombre  aspect  ;■ 
for,  say  what  you  will,  the  window's  of  ecclesiastical 
edifices  as  seen  from  the  exterior  by  daylight  are 
melancholy  objects — objects  that  the  French  painters 
sur  verre  have  sought  to  overcome  by  using  glass] 
that,  whilst  transparent,  is  to  a certain  extent  opaque, 
and  I have  now  before  me  some  samples  well  suited 
to  the  sunny  south,  though  prohibitive  here,  wherel 
the  sun  is  seen  so  seldom. 

A propos  of  leading  and  the  use  of  iron  stanchions,i 
I might  note  that  in  1851,  Messrs.  Pilkington,  of 
St.  Helen’s,  exhibited  at  the  First  International 
Exhibition  plates  of  painted  glass  in  single  sheets ^ 
designed  by  Mr.  Frank  How^ard  and  by  myself, 
the  same  having  been  fired  many  times,  the  only 
objection  to  huge  single  plates  being  that  in  case  of 
fracture,  all  was  lost.  We  might  have  our  raihvay 
stations  enlivened  by  maps,  views  of  towns,  or  even 
pictorial  posters,  that  should  be  agreeable  in  colour, 
and  at  the  same  time  instructive ; but  these  features 
should  be  free  from  shade  and  dependent  upon  hue 
alone,  that  light  may  freely  enter,  somewhat  like  the 
Japanese  colour  prints  so  copied  in  the  present  day, 
and  not  unlike  the  lights  in  single  sheets  that  I 
exhibited  at  the  Royal  Academy  many  years  since, 
prior  to  their  being  done  by  Pilkington,  for  Holford- 
house,  on  the  single  plates. 


General  Notes. 

♦ 

Science  Abstracts. — A new  periodical  entitled 
“ Science  Abstracts  : Physics  and  Electrical  Engineer- 
ing” (of  which  two  numbers  have  been  issued),  is 
published  monthly  under  the  direction  of  the  Institu- 
tion of  Electrical  Engineers  and  of  the  Physical 
Society,  and  the  hon.  editor  is  Mr.  J.  Swinburne.  The 
arrangement  of  the  abstracts  follow'ed  in  each  number 
is  as  follows  : — General  Physics,  Light,  Heat,  Sound, 
Electricity,  Electro-Chemistry  and  Chemical  Physics, 
General  Electrical  Engineering,  Dynamos,  Motors 
and  Transformers,  Power  Distribution,  Traction  and 
Lighting,  Telegraphy  and  Telephony.  Each  number 
contains  over  one  hundred  abstracts  of  papers  in  the 
chief  foreign  and  English  journals. 
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♦ 

INDIAN  SECTION. 

Thursday,  March  31  ; Sir  DENNIS  Fitz- 
patrick, K.C.S.I.,  Member  of  the  Council 
of  India,  in  the  chair. 

The  Chairman,  in  opening  the  proceedings,  said 
to  many  of  those  present,  and  especially  to  those  who 
had  been  in  Assam,  Mr.  Luttman-Johnson  needed 
no  introduction.  For  a larger  number  of  years 
than  usual,  he  occupied  a high  and  important 
position  there,  and  was  known,  not  only  as 
an  official  of  great  ability,  but  also  as  a man  of 
gieat  powers  of  observation,  and  of  deep  sympathy 
with  the  people.  He  also  possessed  in  an  unusual 
degree  the  faculty  of  graphic  description,  so  that  he 
could  arouse  interest  in  whatever  subject  he  dealt 
with.  He  felt  sure,  therefore,  that  his  paper  would 
be  both  interesting  and  instnictive. 

The  paper  read  was — 

THE  EARTHQUAKE  IN  ASSAM. 
By  H.  Luttman-Johnson,  I.C.S. 

Contents. — Description  of  Assam — Geological  description 
— What  an  earthquake  is — Earthquake  origin — Depth  of 
origin  and  velocity — Assam  an  earthquake  area — Former 
earthquakes — This  earthquake  the  most  violent — Effects  of 
earthquake  at  principal  stations  : Shillong,  Mr.  McCabe, 
Gauhati,  Sylhet,Tura — Experience  of  civil  surgeon  of  Goalpara 
— Conduct  of  native  servants — Conduct  of  native  population — 
Further  troubles — Message  from  the  Queen — Behaviour  of 
animals— Damage  to  roads  and  railways— Tea  gardens— 
Effects  in  Bengal —Fissures — Geysers — Upheaval  of  river 
beds — Buildings — Extension  of  earthquake — No  seismological 
result — Conclusion. 

Description  of  Assam. 

I propose  to  take  you  this  afternoon  to  rather 
a remote  corner  of  India — indeed,  a remote 
corner  of  the  earth.  If  you  will  turn  your 
mind’s  eye  to  the  map  of  our  great  dependency, 
you  will  see  that  to  the  north-east  it  overlaps 
Burmah,  the  Straits  Settlements,  &c.  Here 
the  red  line  which  distinguishes  British  terri- 
tory extends  almost  to  the  western  borders  of 


China.  The  overlapping  corner  is  the  British 
province  of  Assam.  It  is  bounded  on  the 
north  by  the  Himalayan  mountains,  on  the 
east  by  hills  bordering  on  China  and  liurmah, 
on  the  south  by  Burmah  and  the  huge  province 
of  Bengal,  on  the  west  by  the  same  province. 
The  province  consists  of  two  valleys  running 
east  and  west,  with  a range  of  hill  country 
rising  some  5,000  feet  above  the  sea  between 
them.  It  also  contains  within  its  limits  a 
large  stretch  of  hill  country  on  the  confines  of 
Burmah,  while  the  hill  tribes  of  the  Himalayan 
mountains  on  the  north  and  north-east  are 
more  or  less  within  its  administrative  group. 
The  northern  valley  is  that  of  the  great 
Brahmaputra  river,  which,  after  draining  a 
large  part  of  Thibet  beyond  the  Himalayan 
mountains  on  the  north,  breaks  through  those 
mountains  nearly  due  south,  and  then  flows 
west  by  south  till  it  reaches  the  province  of 
Bengal.  The  southern  valley  is  named  after 
its  principal  river  the  Surma.  The  northern 
valley  is  some  450  miles  long  from  east  to  west,., 
and  from  60  to  40  miles  broad ; the  southern  is 
only  some  150  miles  long  from  east  to  west, , 
and  about  the  same  breadth  as  the  northern 
valley.  But  though  the  northern  valley  is  so 
much  the  larger,  the  populations  of  the  two 
valleys  are  about  the  same.  Something  in  the 
climatic  conditions  of  the  northern  valley 
militates  against  increase  of  population  and 
cultivation,  whereas  the  southern  valley  is 
almost  fully  populated.  The  northern  valley  is 
inhabited  by  a mixed  population  largely  IMon- 
golian  in  origin  ; the  southern  tract  is  inhabited 
by  Bengalis.  The  hill  tract  lying  between  the 
two  valleys  is  very  sparsely  inhabited  by  very  in- 
teresting and  very  primitive  peoples. 

Formerly  these  outlying  parts  were  under  the 
Government  of  Bengal,  but  in  1874,  partly  in 
order  to  relieve  that  Government,  which  was 
thought  to  be  too  large,  partly  because  it  was 
thought  that  these  backward,  undeveloped 
tracts  suffered  from  their  union  with  the  strictly 
regulation  province  of  Bengal,  they  were  con- 
stituted into  a separate  province.  The  upper 
part  of  the  northern  or  Brahmaputra  valley 
had  long  been  called  Assam,  a name  perhaps 
derived  from  the  Ahoms,  a people  of  Shan 
origin,  who  ruled  there  in  former  times.  To 
the  natives  of  Hindustan  this  old  Assam  is  an 
uncanny,  ill-omened  land— a land  of  mysteries 
and  terrors,  not  probably  on  account  of  its 
earthquakes  or  its  plagues,  but  rather  because 
it  is  either  non-Hindu  or  only  supeifficially 
Hinduised.  The  name  is  w'ell  known  in  this 
country  because  the  province  produces  tea  in 
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large  quantities.  The  cultivation  of  this 
product  has  brought  a large  number  of 
European  settlers  to  the  province.  It  is  rather 
a British  colony  than  an  Indian  province,  so 
prevalent  is  the  tea  industry.  No  other  part 
of  India  owes  so  much  to  this  class. 

Geological  Description  of  Assam. 

Both  the  northern  and  southern  valleys  are 
more  or  less  alluvial.  The  eastern  end  of  the 
southern  valley  is  deltaic.  Both  valleys  are  pro- 
bably areas  of  subsidence.  The  central  range 
is  composed  of  more  or  less  hard  crystalline 
rocks,  through  which  an  earthquake  shock 
would  be  transmitted  with  great  readiness.* 
The  geological  character  of  this  central  range 
connects  it  rather  with  Western  Bengal  and 
the  peninsula  of  India  than  with  the  Himalayas 
on  the  north.  The  Himalayan  mountains  are 
composed  of  indurated  rocks,  also  well  adapted 
in  themselves  for  the  transmission  of  earth- 
quake shocks,  but  mountain  ranges  are  found 
to  form  a barrier  to  the  transverse  progress 
of  earthquakes,  probably  because  the  shocks 
have  to  cross  the  strike  of  the  strata  flanking 
them.  The  southern  face  of  the  central  range 
presents  some  very  remarkable  phenomena  of 
upheaval  or  subsidence.  Coal  is  found  elevated 
to  a height  4,000  feet  above  the  level  of  the 
sea,  accompanied  by  a series  of  rocks,  lime- 
stone, and  sandstone,  similar  to  that  at  the 
base  of  the  hills  a few  feet  above  the  sea  level. t 
It  is  probable  that  this  entire  group  of  strata, 
both  that  part  which  is  now  at  the  top  of  the  hill 
and  that  which  is  at  the  bottom,  some  2,000  feet 
thick,  was  deposited  and  formed  in  water  of 
no  great  depth.  Subsequently,  either  the 
northern  part  of  the  group  was  elevated  to  its 
present  position  or  the  southern  part  subsided. 
It  is  probable  that  the  present  steep  southern 
face  of  this  central  range  is  formed  along  a 
great  line  of  fault. J I mention  this  because 
the  majority  of  earthquakes  are  probably  due 
to  faulting,  and  the  origin  of  the  recent  earth- 
quake is  supposed  to  lie  somewhere  in  this 
region.  The  alluvial  deposit  too  in  this  part 
below  the  hills  exhibits  signs  of  upheaval  or 
subsidence.  |1 


* “ Cacliar  Earthquake,  1869,”  '‘Memoirs  of  Geological 
Survey,”  vol.  19,  p.  86. 

t “Memoirs  of  Indian  Earthquakes,”  “Journal  Asiatic 
Society  of  llengal,”  vol.  12,  part  2,  p.  1044. 

t Oldham,  “ Geology  of  Khan  Hills,”  pp.  48-49. 

II  Ohlham,  “Geology  of  India,”  p.  443.  Medlicott,  “Shil- 
long Plateau,”  “ ]\Icmoirs  of  Geological  Survey,”  vol.  7, 

P-  155- 


What  an  Earthquake  is.*  : 

The  description  I am  about  to  give  of  j 
the  Jubilee  earthquake  in  Assam  will  only  be  | 
intelligible  to  those  who  know  what  an  earth-  j 
quake  is.  As  many  of  you  have  probably  not 
studied  seismology,  I will  explain  as  shortly 
as  possible  what  an  earthquake  is.  When  a 
blow  is  given  to  any  elastic  body  or  material, 
the  blow — that  is,  the  wave  or  impulse  gene- 
rated by  the  blow — travels  through  or  along 
the  body  or  material  ; in  other  words,  the 
particles  which  form  the  body  or  material  first 
struck  have  pushed  forward  the  particles 
immediately  in  front  of  them,  which  in  their 
turn,  after  communicating  the  motion  to  the 
particles  in  front  of  them,  again  return  to 
their  original  position,  and  so  on.  Now 
imagine  an  explosion  of  some  kind  to  take 
place  at  some  point  inside  an  elastic  material. 
The  impulse  or  elastic  wave  generated  by  this 
explosion  will  travel  from  it  in  the  manner  I have 
described  in  all  directions.  If  the  explosion 
occurs  in  the  centre  of  a sphere  of  homogeneous 
material,  its  impulse  or  wave  will  touch  the 
outside  at  all  points  at  the  same  time.  The 
sphere  will  be  distended  as  a bladder  blown 
out  with  air,  and  will  then  again  contract. 
What  we  call  an  elastic  wave  is  rather  a back- 
wards and  forwards  pulsation  or  vibration, 
and  must  not  be  confounded  with  waves  of 
water  which  depend  on  the  action  of  gravity. 
It  is  propagated  in  a manner  similar  to  that  in 
which  sound  vibrations  are  propagated.  Now 
suppose  the  blow  to  be  struck  not  in  the  centre, 
but  at  some  point  near  the  surface  of  the  sphere. 
The  vibration  will  reach  the  outside  of  the 
sphere  at  the  point  nearest  to  the  blow  verti- 
cally, at  all  other  points  at  an  angle  greater  or 
smaller  according  to  the  distance  from  the 
vertical  J’point.  Imagine  a marble  consisting 
of  a number  of  concentric  shells  inside  a foot- 
ball, each  shell  representing  a vibration,  and 
let  the  blow  be  struck  in  the  exact  centre  of 
the  marble.  The  vibration  or  impulse  will 
reach  the  crust  of  the  football  first  vertically  at 
the  point  where  the  marble  touches  it,  and  it 
will  come  out  on  the  outside  of  the  football 
through  the  crust  just  opposite  that  point.  It 
will  reach  other  points  of  the  surface  of  the 
football  later,  and  at  a greater  or  less  angle, 
according  to  their  distance  from  the  vertical 
point.  This  vertical  point  is  called  by  seis- 
mologists the  epicentrum,  the  point  where 
the  blow  is  struck  or  the  explosion  occurs 

* “ Earthquakes”  (Milne), vol.  56,  “ International  Scientific 
Series,”  chapter  3. 
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the  centrum  or  origin,  the  line  joining  these 
points  the  seismic  vertical.  The  angle  at  which 
the  wave  comes  out  on  the  surface  of  the 
■earth  is  called  the  angle  of  emergence.  The 
emergence  of  waves  of  elastic  compression  on 
the  surface  of  the  earth  causes  the  undulations 
so  familiar  in  earthquakes. 

Of  course  the  earth  is  in  no  sense  a homo- 
geneous medium  like  the  air  in  a football 
or  the  material  of  a marble.  The  elasticity 
of  the  parts  of  which  it  is  composed  varies 
■enormously,  and  the  parts  themselves  are 
permeated  by  fissures  and  faults.  It  has  been 
calculated  that  nearly  seven-eighths  of  the 
full  velocity  of  the  earthquake  wave  due  to  the 
material  if  solid  and  continuous  is  lost  by 
reason  of  the  heterogeneity  and  discontinuity 
of  the  rocky  masses  as  they  are  found  piled 
together  in  nature.  This  want  of  homogeneity 
of  course  affects  the  so-called  waves  in  many 
different  ways,  which  I have  not  time  to  explain. 
Then  the  original  blow  or  explosion  may  be  of 
various  kinds.  For  instance,  a long  break  or 
fissure  would  produce  waves  differing  from 
those  produced  by  a short  one.  Lastly,  we 
may  have  waves  not  only  of  elastic  compres- 
sion, which  I have  described  produced  by 
alteration  of  volume,  but  also  waves  of  elastic 
distortion  produced  by  alteration  of  shape. 
From  all  which  you  will  readily  understand 
that  earthquake  motion  is  an  extremely  com- 
plicated phenomenon — indeed,  an  earthquake 
is  rather  a thing  of  freaks  and  eccentricities 
than  of  law. 

Earthquake  Origins. 

When  an  earthquake  occurs  we  are  told  that 
the  first  thing  we  have  to  do  is  to  find  out 
where  it  originated,  so  that  we  may  be  able  to 
avoid  that  part  of  the  country,  or  at  least  make 
arrangements  for  future  earthquakes  emanating 
from  the  same  origin. 

In  order  to  find  out  where  an  earthquake 
originates,  we  must  observe  its  direction.  If 
in  one  place  to  the  west,  the  direction  is 
from  east  to  west,  in  another  place  further 
east,  from  west  to  east,  we  infer  that  the 
origin  is  situated  somewhere  between  the  two 
places.  Personal  observations  of  direction 
are  extremely  unreliable.  But  in  the  absence 
of  recording  instruments  we  can  generally 
get  a good  idea  of  direction  from  the  way  in 
which  walls,  columns,  and  other  objects  have 
been  overthrown,  or  fractured,  or  projected.* 


• “ Earthquakes  ” (Milne)  vol.  56,  “ International  Scientific 
Series,”  p.  69. 


Depth  of  Origin  and  Velocity. 

Seismologists  take  great  interest  in  ascer- 
taining the  depth  below  the  surface  of  the 
earth  of  the  origin  and  the  velocity  with  which 
the  wave  is  propagated.  If  we  know  the  angle 
at  which  the  wave  emerges  on  the  surface  of 
the  earth  at  different  places,  we  can  easily 
calculate  the  depth  from  which  it  is  propagated. 
This  angle  is  calculated  from  the  inclination  of 
fissures  produced  in  buildings.  It  is  assumed 
that  these  figures  are  at  right  angles  to  the 
direction  of  the  shock.*  Again,  if  we  have 
accurate  records  of  the  time  at  which  an  earth- 
quake reaches  different  places  we  can  calculate 
its  transit  velocity,  that  is  the  speed  at  which 
the  wave  or  impulse  above  described  travels 
along  or,  rather,  emerges  upon  the  surface  of 
the  earth. t It  is  obvious  that  these  calcula- 
tions must  always  give  very  uncertain  results. 
In  the  present  case  we  have  no  cracks.  When 
the  Director  of  the  Geological  Survey  tele- 
graphed to  be  sure  to  observe  and  record  all 
cracks  in  walls,  the  answer  was,  “ There  are 
no  walls  left.” 

The  final  results  of  the  investigations 
made  by  the  members  of  the  Geological 
Survey  of  India  into  the  Assam  earthquake 
have  not  yet  been  published.  From  pre- 
liminary investigations  it  is  supposed  that 
the  centrum  of  the  Assam  earthquake  was 
somewhere  west  of  the  line  joining  Shillong 
and  Sylhet,  in  the  region  of  the  great  up- 
heaval or  subsidence  which  I have  noticed. 

Professor  Omori,  a Japanese  seismologist, 
who  was  deputed  to  Assam  to  make  enquiries 
into  the  earthquake,  thinks  it  originated  20 
miles  below  the  surface.  The  famous  Japanese 
earthquake  of  1891  was  found  to  have  an  origin 
5 miles  below  the  surface.  While  the  intensity 
of  that  earthquake  was  four  times  that  of  the 
present  one,  the  area  of  greatest  disturbance 
in  the  present  case  is  four  times  greater  than 
it  was  in  the  Japan  earthquake.  From  this 
the  Professor  argues  that  the  origin  of  the 
recent  earthquake  is  four  times  deeper  than 
it  was  in  the  case  of  the  Japan  earthquake. 
Other  big  earthquakes  have  been  found  to 
originate  from  5 to  30  miles  below  the  sur- 
face of  the  earth.  One  has  actually  been 
traced  to  a depth  of  50  miles. 

The  velocity  is  said  to  have  been  10,000  feet 
per  second,  or  112  miles  per  minute.  Other 

• “Earthquakes”  (Milne)  vol.  56,  “ International  Scientific 
Series,”  p.  213. 

+ “ Earthquakes  ” (Milne),  vol.  56,  “ International  Scientific 
Series,”  p.  87. 
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famous  earthquakes  have  had  much  smaller 
velocities,  from  2,000  to  3,000  feet  per  second. 
But  more  recent  earthquakes  in  Japan, 
where  systematic  observations  have  been  car- 
ried on  under  the  Earthquake  Department, 
have  produced  velocities  up  to  9,000  feet. 
Telegraph  signallers  prove  useful  recorders  of 
velocity.  In  two  instances  in  Bengal  where 
the  quake  was  travelling  east  to  west,  tele- 
graph stations  west  were  working  stations  east. 
There  was  stoppage  due  to  earthquake  at  the 
east  station,  and  almost  immediately  after- 
wards the  quake  reached  the  west  station. 

Assam  an  Earthquake  Country. 

As  a rule,  earthquakes  are  most  frequent  in 
volcanic  districts.  The  Malay  Archipelago  is 
one  of  the  volcanic  districts  of  the  world.* 
In  Java,  in  Sumatra,  there  are  many  active 
volcanoes.  North  of  Sumatra,  we  still  find 
volcanoes,  first  Barren  Island,  which  is  a 
true  volcano  ; then,  on  the  coast  of  Burmah, 
the  mud  volcanoes  of  Ramree  Island,  with 
Cheduba  close  to  it  in  latitude  about  19°. 
Near  Chittagong  there  are  many  hot  and  cold 
springs  giving  forth  inflammable  gas.  Further 
north,  however,  towards  Assam,  and  in  Assam, 
though  there  are  hot  springs  and  one  mud 
volcano,  there  are  no  true  volcanoes,  either 
active  or  which  have  been  recently  active. 
Still,  though  not  a volcanic  tract,  earthquakes 
are  no  new  things  in  Assam,  or  indeed  on  the 
east  side  of  India.  The  late  Mr.  Oldham,  of 
the  Geological  Survey  of  India,  compiled  a list 
of  Indian  earthquakes  observed  without  the  aid 
of  instruments. t In  this  list  I find  no  earth- 
quakes recorded  as  having  occurred  in 
Eastern  Bengal,  Assam,  and  Burmah,  up  to 
1869.  In  Assam  alone  in  the  twenty  years 
ending  1869  there  were  some  fifteen.  This  is, 
no  doubt,  a very  incomplete  list.  We  have 
only  been  150  years  in  Bengal  and  75  years  in 
Assam,  and  before  our  time  there  was  no 
systematic  record  of  such  events.  In  an  old 
diary  I find  eleven  earthquakes  occurred  at 
Dilvooghar,  at  the  upper  eastern  end  of  the 
Brahmaputra  Valley,  between  January,  1839, 
and  September,  1843.  All  of  these  came  from 
the  south-west,  indicating  an  origin  in  the 
central  hill  trail. 

Even  in  quite  recent  times,  the  record  has 
been  very  incomplete.  It  is  only  recently  that 
columnar  seismometers  have  been  in  use. 
This  seismometer  consists  of  a series  of 
round  columns  or  cylinders  of  wood,  or  other 

^ Lyell’s  “ Principles  of  Geology.” 

t ” Memoirs  of  Geological  Survey  of  India,”  vol.  19,  p.  163. 


material,  placed  on  a level  plane  and  sur- 
rounded by  soft  material  to  prevent  their 
rolling  when  they  fall.  The  number  and  dia- 
meters of  the  columns  overthrown  measure  the 
intensity,  while  the  direction  of  their  fall  gives  v 
the  direction  of  the  shock.  Such  seismometers, 
are  not  sensitive  to  slight  shocks,  and  exc'A 
wTere  the  shock  suffices  to  overturn  one  or 
more  columns,  the  information  gir^en  is  not 
wholly  reliable.*  A long  - continued  gentle, 
shaking  may  overturn  a column  which  would 
stand  a very  considerable  sudden  shock.  Then  > 
earthquakes  often  give  columns,  gravestonesy  ' 
&c.,  a rotatory  motion,  which  results  in  the-  * 
columns  falling  in  different  directions.  Besides.  • 
the  direction  of  motion  of  an  earthquake  ' 
seldom  continues  the  same  throughout  the  1 
disturbance.  So  far  as  earthquakes  of 
sufficient  intensity  to  be  recorded  without  ■ 
the  aid  of  instruments  are  concerned,  we-  ^ 
should  have  a complete  record  for  the  last  ; 
24  years,  for  the  first  Chief  Commissioner  . 
opened  a register  of  them  in  1874.  I think  ^ 
this  was  the  first  official  notice  taken  of  such  • 
phenomena.  The  results  of  the  record  thus 
established  have  not,  I am  sorry  to  say,  been, 
published.  In  Japan,  where  earthquakes  have- 
been  carefully  recorded  for  2,000  years,  there 
are  from  20  to  40  more  or  less  destructive  ones 
in  a century,  and  many  of  these  are  local ; 
that  is,  are  felt  in  particular  localities  only. 
Besides  these  there  are  something  like  two  a 
day  of  sufficient  intensity  to  be  recorded  with- 
out the  aid  of  instruments.  During  the  i8. 
years  I was  in  Assam,  I can  recall  some  half- 
dozen  more  or  less  destructive  earthquakes 
which  is  not  far  behind  Japan.  But  in  minor  1 
earthquakes,  Japan  is  cXeSivly  facile  Jr  incelj,  ‘ 

Former  Earthquakes. 

Among  large  earthquakes  in  Assam  and  1 
neighbourhood,  I may  mention  the  following.  ' 
I omit  that  of  1737,  which,  in  Mr.  Oldham’s  j 
list,  is  alleged  to  have  caused  the  steeple  | 
of  the  principal  church  in  Calcutta  to  sink  into-  i 
the  ground,  because  it  is  now  thought  that  ; 
the  steeple  was  blown  down  by  a cyclone  and 
buried  in  mud  by  a storm-wave — a curious 
and  interesting  instance  of  the  growth  of  myth. 

A very  bad  earthquake  which  occurred  in  j 
1762  has  become  classic,  that  is,  is  referred 
to  in  all  the  text-books. t It  -vyas  specially 
violent  at  Dacca  and  Chittagong  in  Eastern 
Bengal,  south  of  the  present  Province  of 

• “ Earthquakes  ” (Milne),  p.  16. 

t “Joi^rnal  of  Asiatic  Society  of  Bengal,  1843,”  vol.  12, 
part  2,  p.  1044. 
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Assam.  At  the  latter  place  the  ground  opened, 
throwing  up  water  of  a very  sulphurous  smell. 
The  water  gushed  out  prodigiously.  In  the 
chaise  road,  that  is,  the  driving  road,  there 
were  great  chasms  2 feet  wide  and  upwards. 
The  bungalows  (that  is,  houses  of  wooden 
frame  and  lath-and-plaster  walls)  proved  very 
convenient  on  so  melancholy  an  occasion. 
Brick  houses  must  inevitably  have  been 
shattered  and  levelled  to  the  ground.  There 
was  not  a brick  wall  or  house  but  was  either 
greatly  damaged  or  fallen.  Anticipating  the 
theory  that  an  earthquake  is  an  abortive  at- 
tempt of  pent-up  forces  to  free  themselves,  the 
observer,  hearing  that  two  volcanoes  had  opened 
out,  expresses  a hope  that  they  will  prove  a suffi- 
cient vent  to  discharge  all  the  remaining  sul- 
phurous water  in  the  bowels  of  the  country. 

There  was  another  very  severe  earthquake 
in  the  eastern  part  of  India  in  1842.*  This 
does  not  appear  to  have  been  very  violent  in 
Assam,  though  the  focus  of  the  seismic  force 
lay  at  some  distance  north-east  of  Calcutta, 
that  is  towards  Assam.  We  read  this  earth- 
quake was  accompanied  by  a noise  which  at 
first  resembled  some  mighty  rushing  wind  and 
then  the  loud  rattling  of  carriages  over  a stony 
street.  Again,  in  1869,  there  was  a very  serious 
disturbance,  of  which  we  have  an  admirable 
account  by  the  late  Mr.  T.  Oldham,  of  the 
Geological  Survey  of  India. t The  centrum 
or  origin  of  this  earthquake  was  traced  to  the 
northern  edge  of  the  hill  tract  which  I have 
described  as  forming  the  centre  of  what  is 
now  the  Province  of  Assam,  north-east  of  the 
head-quarters  station,  Shillong.  Its  velocity 
was  found  to  be  some  7,000  feet  per  second. 
Several  places  in  Assam,  especially  Carbuc, 
at  the  eastern  end  of  the  southern  valley, 
suffered  very  severely.  At  Shillong,  a good 
deal  of  damage  was  done.  A prominent 
feature  of  this  earthquake  were  fissures  and 
openings  throwing  up  sand  and  water. 

Again,  there  were  destructive  shocks  in  1876 
and  1885.  The  centrum  of  this  last  was  some 
200  miles  north-east  of  Calcutta,  some  60  miles 
south  of  the  western  end  of  the  central  range 
of  Assam. t This  earthquake  did  great  damage 
in  the  parts  of  the  Province  of  Bengal  adjoining 
Assam.  And  there  were  many  other  shocks 
during  the  eighteen  years  I served  in  Assam, 
so  that  one  came  to  regard  them  almost  with 
contempt. 


* "Journal  of  Asiatic  Society  of  Bengal,  1843,"  vol.  12, 
part  I,  p.  286. 

t “ Memoirs  of  Geological  Survey  of  India,"  vol.  19. 

X “ Records  of  Geological  Survey  of  India,"  vol.  18,  p.  210. 


This  Earthquake  the  Mo.st  Violent. 

But  no  earthquake,  so  far  as  we  can  judge,  has 
ever  been  so  violent,  or  has  wrought  such  havoc 
as  the  one  I am  about  to  describe  this  afternoon. 
As  regards  more  recent  earthquakes,  this  is 
abundantly  proved  by  the  descriptions  we 
have  of  them,  and  by  the  fact  that  many  build- 
ings which  have  succumbed  on  this  occasion 
have  resisted  former  attacks.  And  in  regard  to 
more  ancient  times,  we  have  strong  negative 
evidence.  There  is  a very  curious  set  of  stone 
monuments  at  Demapur,  on  the  northern  edge 
of  the  central  tract,  probably  set  up  by  some 
primitive  people  ages  ago.  These  have  been 
twisted,  broken,  and  overthrown  by  earth- 
quakes in  former  times,  but  such  an  earthquake 
as  the  recent  one  would  have  wrought  much 
greater  destruction.  Again,  monoliths  or  men- 
hirs set  up  by  these  primitive  people  in  honour 
of  deceased  ancestors,  who  are  supposed  to 
have  benefited  them,  are  a prominent  feature  of 
the  hill  tract,  which  I have  said  forms  the  centre 
of  the  province.  Probably  in  no  country  are 
menhirs  more  numerous.*  Many  of  these  are 
very  ancient.  They  are  now  broken  and 
snapped;  in  some  cases  they  have  been  tom 
out  of  the  earth.  Those  of  you  who  have  seen 
the  Druidical  stones  at  Stonehenge  and  at" 
other  places  in  these  islands  can  form  a good- 
idea  of  what  this  means.  A massive  stone' 
bridge,  of  great  antiquity,  in  the  Brahmaputra 
Valley  has  been  destroyed.  Very  careful 
geological  surveys,  especially  of  the  central 
hill  tract,  have  not  disclosed  traces  of  such  a 
catastrophe  within  historic  time.  Lastly,  had 
such  a catastrophe  occurred,  the  people  would 
have  a tradition  of  it. 

Effects  of  Earthquake  at  Prinxipal 
Stations. — Shillong. 

I will  first  describe  the  earthquake  and  its 
effects  at  four  of  the  principal  stations  in  the 
province. 

And  first  of  Shillong,  the  head-quarters 
station.  When  the  Province  of  Assam  was 
first  constituted  in  1874 — though  Calcutta  is 
the  natural  business  capital  of  these  outlying 
parts,  especially  so  far  as  the  tea  interest  is 
concerned — it  was  thought  necessary  to  find 
a local  head-quarters  within  the  limits  of 
the  new  province.  The  chief  town  in  the 
northern  valley  which  had  been  the  head- 
quarters of  the  Commissionership  of  Assam 
was  Gauhati,  very  picturesquely  situated  on  the 
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river  Brahmaputra.  The  southern  valley  is 
administered  from  a small  town  called  Sylhet, 
about  120  miles  south  of  Gauhati.  These 
places  are  difficult  of  access  from  the  other 
valley ; neither  of  them  offered  special  advan- 
tages as  a head-quarters  station.  But  about 
midway  between  these  two  places,  in  the  centre 
of  the  central  hill  tract,  there  already  existed  a 
small  hill  station  called  Shillong,  lying  about 
5,000  feet  above  the  sea.  This  was  chosen  as 
the  capital  of  the  new  province.  Though 
remote  from  the  haunts  of  men,  it  had  advan- 
tages over  Gauhati  and  Sylhet.  It  was  more 
central  ; the  water  supply  was  much  better. 
Wood,  and  lime,  and  stone  for  building  were 
near  at  hand,  and  it  had  a temperate  climate 
suitable  to  European  constitutions.  It  was  not 
more  liable  to  earthquakes  than  Gauhati  and 
Sylhet,  and  other  places  in  the  province. 
Public  and  private  buildings  were  rapidly 
erected,  roads  were  laid  out,  and  the  lake, 
called  after  the  former  Commissioner  of  Assam, 
Colonel  Hopkinson,  was  improved.  Though  a 
place  so  remote  could  never  become  a business' 
centre  or  attract  population,  still  when  the 
catastrophe  occurred  Shillong  had  become 
quite  a flourishing  little  station.  It  is  very 
prettily  situated  amid  fir  woods  at  the  northern 
foot  of  the  watershed  of  the  central  range.  It 
had  its  church,  its  assembly-rooms,  its  cricket 
fleld,  its  polo-ground,  its  racecourse — every- 
thing in  fact  which  our  countrymen  in  their 
exile  think  necessary  to  their  comfort.  It  had 
its  little  bazaar,  with  some  fifty  shops,  which 
sufficed  to  supply  the  wants  of  the  small 
community.  The  waters  of  the  neighbouring 
watershed  had  been  conducted  over  the  station 
in  pipes  from  a reservoir  for  drinking  pur- 
poses, and  in  silver  streams  for  general  pur- 
poses. The  houses  of  the  European  residents, 
each  in  its  own  compound  or  enclosure,  were 
perched  about  the  hills,  wherever  a good  view 
or  picturesque  surroundings  suggested  a site 
for  building.  Unlike  Himalayan  hill  stations, 
where  onl}'- jinricshas  and  doolies  are  possible, 
it  had  good  driving  roads. 

In  a few  seconds,  this  pretty  little  station 
which  our  countrymen  had  devised  for  them- 
jclves,  was  demolished.  The  earthquake  took 
place  at  5.11  to  5.12  (local  time)  on  a Saturday 
afternoon,  June  12th.  The  shock,  which  was 
preceded  by  the  rumbling  underground  noise 
so  familiar  to  dwellers  in  earthquake  countries, 
lasted  some  three  minutes. 

The  undulations  appeared  to  be  principally 
from  south-south-west  to  north-north-east,  as 
indicated  by  the  direction  in  which  pillars  and 


Wip-posts  fell.  At  first  the  motion  was  slight 
and  undulatory,  but  as  the  intensity  increased 
it  changed  to  a violent  rocking  from  side  to 
side,  accompanied  by  upheavals.  The  earth 
was  like  some  vast  piece  of  machinery  in 
motion  so  violent  and  regular  was  the  action. 

The  largest  of  the  cylinders  of  the  seis- 
mometer which  I have  described  was  9 inches 
in  diameter  and  12  inches  high.  It  has  been 
calculated  from  the  overthrow  of  this  pillar 
that  the  violence  of  the  shock  was  at  least 
equal  to  a backward  and  forward  shaking  of  7 
inches  repeated  60  times  in  a minute.  An 
ordinary  small  earthquake  produces  a hori- 
zontal motion  of  a few  millimetres — a fair 
earthquake  perhaps  50  millimetres  or  two 
inches.  As  instances  of  effects  produced  I 
may  note — (i)  marble  slabs  were  pushed  from 
the  tops  of  masonry  tombs  ; (2)  heaps  of 
broken  road  metal  by  the  roadside  were  scat- 
tered out  in  layers  of  a few  inches  deep  ; (3) 
masonry  boundary  pillars  only  two  or  three  feet 
high  were  shaken  to  pieces. 

The  following  graphic  account,  written  by  a 
young  lady,  was  published  in  one  of  the  Anglo- 
Indian  newspapers  : — 

‘‘  It  was  a quarter-past  five  on  Saturday  afternoon, 
the  1 2th  of  June.  After  raining  hard  for  two  days 
and  nights  the  weather  had  cleared,  and  the  afternoon 
was  lovely.  Not  a cloud  in  the  sky.  My  sister  and 
I started  out  on  our  bicycles  for  a ride,  intending  to 
call  at  the  post-office  on  our  way  to  post  the  English 
letters.  Just  as  we  were  starting,  my  sister  remarked 
what  a dreadfully  close  hot  afternoon  it  was ; so 
unlike  the  usual  weather  at  Shillong,  and  not  a breath 
of  air,  but  we  thought  it  lucky  having  no  rain.  AVe 
started  off  up  the  hill  towards  the  post-office  along 
the  road  by  the  side  of  the  lake.  When  we  had 
gone  about  300  yards  up  the  hill  I suddenly  heard  a 
dreadful  roar.  I couldn’t  make  out  what  it  was.  It 
sounded  like  a train,  thunder,  and  landslip  all  together, 
and  it  came  nearer  and  nearer,  and  then  the  ground 
began  to  heave  and  shake  and  rock.  I stayed  onr  my 
bicycle  for  a second,  and  then  fell  off,  and  got  up  and 
tried  to  run,  staggering  about  from  side  to  side  of  the 
road.  To  my  left  I saw  great  clouds  of  dust,  which  I 
afterwards  discovered  to  be  the  houses  falling  and  the 
earth  slipping  from  the  sides  of  the  hills.  To  my 
right  I saw  the  embankment  at  the  end  of  the  lake 
torn  asunder  and  the  water  rushing  out,  the  wooden 
bridge  across  the  lake  break  in  two,  and  the  sides  of 
the  lake  falling  in  ; and  at  my  feet  the  ground  cracking 
and  opening.  I was  wild  with  fear,  and  didn’t  know 
which  way  to  run.  It  seemed  as  if  it  would  never 
stop,  and  my  one  idea  was  that  it  was  the  end  of  the 
world.  I hoped  it  would  be  over  quickly,  and  was 
expecting  the  ground  to  open  and  swallow  me  up. 
And  then  it  ceased.  I thought  it  had  lasted  fully  ten 
minutes,  but  it  had  only  lasted  about  30  seconds.  I 
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ran  ns  hard  as  I could  with  my  sister  to  a friend’s 
house  a little  way  off,  and  to  my  horror  the  house 
was  levelled  with  the  ground,  not  a stone  standing, 
and  Government  House,  to  the  right,  was  the  same. 
Then  I knew  that  Shillong  must  be  absolutely  wrecked 
I started  off  alone  to  try  and  find  my  father  and 
mother,  who  were  out  driving.  As  I went  along 
everywhere  it  was  the  same — not  a house  standing, 
and  people  were  rushing  about,  wives  looking  for  their 
husbands,  parents  looking  for  their  children,  everyone 
stricken  Avith  terror,  no  one  knowing  whether  those 
belonging  to  them  were  dead  or  alive.  I then  rushed 
on  to  the  cricket  ground,  where  I found  a crowd  of 
people  collected.  They  had  all  been  told  to  go  there, 
because  ever)’one  expected  another  shock,  and  that 
was  considered  the  safest  place.  There  were  some 
who  had  been  ill  in  bed,  and  had  rushed  out  in  their 
nightgowns  with  bare  feet,  and  some  half-dressed, 
some  crying,  and  some  in  hysterics — everything  in 
the  wildest  state  of  confusion.  And  then  the  rain 
came  and  it  poured.  This  seemed  extraordinary, 
because  before  the  earthquake  there  was  not  a cloud 
to  be  seen,  and  five  minutes  afterwards  we  were  sur- 
rounded with  cloud  and  mist.  Then  everyone  started 
looking  for  shelter,  and  half  of  us  Avent  to  the  cricket 
pavilion,  AA'hich  Avas  built  of  Avood  and  had  stood,  and 
half  Avent  to  a roAv  of  thatched  sheds  which  Avere 
usually  used  as  a bazaar ; they  AA^ere  also  AA’ood.  The 
next  thing  to  be  thought  of  was  shelter  for  the  night, 
and  the  Gurkha  soldiers  managed  to  dig  out  some 
tents  and  put  them  up,  and  a fcAv  AA'ent  into  them, 
but  most  of  us  preferred  staying  together  in  the 
paAilion,  AA’here  Ave  sat  up  on  benches  all  night,  Avith 
the  rain  beating  in  on  all  sides.  Continual  small 
shocks  made  us  think  it  Avas  all  coming  over  again. 
At  each  shock  everyone  got  up  and  rushed  out  of  the 
pavilion  for  fear  it  aa-ouM  collapse.  At  about  nine 
o’clock  some  of  the  men  managed  to  boil  some 
chicken  and  rice  for  us,  but  everyone  seemed  too 
frightened  to  eat.  The  night  seemed  as  if  it  Avould 
never  end,  and  Ave  all  longed  for  daylight.  At  last  it 
came,  and  most  of  the  energetic  ones  AA’ent  off  to  see 
if  they  could  dig  out  any  of  their  clothes  and  other 
belongings,  but  others  AA’ere  too  unnerved  to  stir. 
Most  of  the  men  behaved  splendidly.  The  morning 
dragged  on  to  the  afternoon,  and  then  came  more 
anxiety.  The  natives  prophesied  another  earthquake 
at  the  same  time  that  afternoon,  and  there  Avere 
several  severe  shocks.  The  shocks  never  seemed  to 
cease  ; they  came  about  evei’}^'  ten  minutes  all  night 
and  day.  By  degi’ees  one  got  used  to  them,  and 
didn’t  jump  up  and  rush  out.  Then  came  another 
night  not  nearly  so  bad  as  the  first.  Nearly  all  of  us 
turned  into  tents  and  slept  on  mattresses  on  the 
ground,  but  the  damp  and  rain  Avere  dreadful.  There 
bad  been  no  time  to  dig  trenches  round  the  tents,  and 
the  ground  AA’as  soaking.  I slept  on  a mattress  Avhich 
was  AA’ringing  AA’et,  in  my  AA’et  things.  It  was  tAA’o 
days  and  nights  before  I Avas  able  to  change  my 
things.  All  the  time  they  AA’ere  Avet  through.  Some 
people  had  managed  to  dig  out  some  of  their  clothes. 


and,  therefore,  were  better  off,  but  those  Avho  Avere  in 
their  nightgowns  and  could  only  manage  to  get  a 
cloak  to  wrap  themselves  in,  suffered  dreadfully. 
Day  by  day  things  cleared  up.  Shocks  grew  fewer 
and  feAA’er.  News  came  in  from  the  surrounding 
country  telling  people  that  those  belonging  to  them 
were  safe,  and  that  other  places,  excepting  one  or 
two,  hadn’t  suffered  as  much  as  Ave  had.  Then  small 
huts  Avere  built  for  us  in  or  near  our  oAvn  houses, 
AA’here  Ave  could  superintend  the  digging  out  of  our 
things.  The  first  post  that  came  in  caused  tremendous 
excitement,  and  when  the  telegraph  Avires  Avere  mended, 
and  communication  restored  Avith  different  places, 
everyone  felt  happier.” 

A lady  who  was  nursing  a young  officer  ill 
with  typhoid  fever  thus  details  her  experi- 
ences : — 

“When  the  AvindoAv  of  the  room  began  shaking, 
my  patient  jumped  up  and  screamed  out,  ‘ What  is 
it  ? what  is  it  ’ I said,  ‘ Keep  quiet ; its  only  a 
thunderstorm.’  At  the  same  time  I could  hardly 
stand.  The  Avhole  floor  Avas  heaving.  There  Avas  an 
aAvful  creak,  AA’hen  my  patient  sprang  out  of  bed  and 
made  for  the  door.  At  the  same  time  I saAv  the 
ceiling  giAe  Avay,  and  I only  just  dragged  him  back 
and  pushed  him  doAvn  by  the  side  of  the  bed  and 
flung  myself  over  him,  Avhen  the  chimney  came  crash- 
ing through  and  a big  almirah  fell  at  the  back  of  me. 
I Avas  struck  on  the  back  by  a brick.  For  some 
minutes  there  was  a dead  silence,  and  Ave  Avere 
choked  Avith  dust,  the  gi’ound  heaving  up  and  doAvn. 
I began  to  say  the  Lord’s  Prayer,  and  then  shouted 
at  the  top  of  my  voice.  After  some  minutes  I heard 
the  bearer  calling  to  me  to  say  he  could  not  reach 
me.  I called  out,  ‘ Go  to  the  AvindoAV,’  and  then  I 
struggled  for  life.  I got  free,  and  half-dragged,  half- 
lifted  my  patient  to  the  AvindoAv.  He  could  not  help 
himself  a little  bit,  and  hoAv  I got  the  strength  I 
don’t  knoAv.  After  squashing  him  through  the 
' AvindoAv,  I tore  off  the  blank»ts  and  shouted  to 
them  to  take  him  off  the  Avet  grass.  They  shouted 
to  me,  ‘ Come  out,’  but  I felt  I must  get  him  some 
clothes,  AA’hich  Avere  on  the  other  side  of  the  room.  I 
said,  ‘ Get  him  brandy.  I’m  coming.  Take  him  off 
the  Avet  grass.  He  is  dying.’  I had  just  got  the 
things  I Avanted,  Avhen  another  shock  came,  and  in 
came  the  Avail,  the  rest  of  the  chimney,  and  the  roof, 
and  baned  my  Avay  to  the  AvindoAv.  I made  up  my 
mind  I must  die  like  a rat  in  a trap,  and  shouted,  ‘ I 
can’t  get  out.’  Then  I heard  a servant  calling  me  to 
come  out,  and  again  I made  a desj)erate  stmggle,  and 
got  to  the  AvindoAv,  Avhere  I stuck.  I don’t  knoAv 
hoAv  I got  out,  but  I Avas  nearly  dragged  to  pieces. 
It  Avas  so  tiny  a space.  It  Avas  pouring  Avith  rain,  so 
I made  a little  hut  of  rugs  and  a chair  and  got  the 
patient  in,  and  for  an  hour  I stood  in  the  drenching 
rain,  Avhen  some  gentlemen  and  the  doctor  came  to 
say  the  only  refuge  in  all  the  station  Avas  some  sheds 
AA’hich  Avere  used  on  market  days  in  a SAvampy  place 
called  Laban.  We  made  a hammock  of  rugs,  and  I 
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took  my  patient  down  mth  the  help  of  some  coolies, 
and  there  we  poor  half-drowned  mortals  huddled  for 
ten  awful  days.” 

A lady  writes  : — “ We  w’ere  out  walking,  we 
clung  on  to  trees,  so  violent  wsre  the  shocks 
that  we  were  sent  from  tree  to  tree.” 

Every  masonry  building  in  Shillong  was 
levelled  with  the  ground,  not  by  overthrow  but 
by  a shattering  of  the  walls  into  fragments  on 
the  top  of  which  the  roofs  subsided.  You  will 
remember  I said  it  was  calculated  there  was  a 
backward  and  forward  movement  of  7 inches 
every  second.  Most  of  the  buildings  were  built 
of  rubble  masonry  filled  in  with  mud,  with 
dressed  stone  at  the  corners,  in  the  door- 
ways, windows,  &c.  Some  of  the  Govern- 
ment buildings  were  built  of  solid  masonry. 
All  these  came  down.  Besides  these  there 
were  many  buildings  consisting  of  a wooden 
frame  filled  in  with  lath  and  plaster.  These 
fared  much  better,  but  even  these  were 
all  shaken  to  pieces.  The  hotel  (the  little 
station  boasted  of  one  hotel)  is  a curious  in- 
stance of  this  distinction.  The  centre  building, 
built  of  masonry,  is  levelled  to  the  ground  ; the 
wings,  built  of  wood  and  lath  and  plaster,  have 
survived,  though  much  shaken  and  knocked 
about.  The  roofs  of  the  houses  were  either  of 
corrugated  iron  or  of  thatch.  The  station  had 
so  often  suffered  from  earthquakes  that  it  was 
not  considered  safe  to  build  upper  storied 
houses.  The  only  building  with  upper  stories 
was  the  Government  printing  press,  the  fall  of 
which  unfortunately  caused  the  loss  of  ten 
lives. 

The  Deputy-Commissioner  of  the  district, 
who  it  is  satisfactory  to  learn  has  been  re- 
warded with  a decoration,  thus  describes  the 
events  of  the  first  night  after  the  earth- 
quake : — 

“ The  secretary’s  residence  on  the  hill  above 
the  lakes,  in  which  my  wife  and  I were  living, 
collapsed  at  once  as  we  stepped  out  on  to  the 
lawn,  and  the  magnitude  of.  the  disaster  was  revealed 
immediately  by  the  roar  of  the  water  escaping  from 
the  lake,  which  rushed  down  a ravine,  and,  damming 
up  the  stream,  destroyed  the  iron  bridge,  driving 
the  heavy  iron  girders  a considerable  distance  up 
stream.  I proceeded  at  once  to  Government  House, 
quarter-mile  distance,  which  I found  a complete  ruin. 
I went  on  to  the  Secretariat  Press  and  my  own 
office,  where  I found  a messenger  buried  in  the  debris, 
his  head  alone  protruding.  I saw  to  his  rescue.  The 
man  had  a marvellous  escape,  and  has  since  recovered. 
At  the  Secretariat  Press,  where  the  chief  disaster 
occurred,  many  willing  hands  were  soon  at  work. 
While  at  my  office  I was  informed  of  the  collapse 


of  Mr.  McCabe’s  bungalow,  and  that  he  was  buried, 
under  the  ruins.  I went  straight  there.  Unfortunately,, 
the  bad  news  proved  to  be  only  too  true.  I waited 
while  the  body  was  being  recovered.  I ordered  two  | 
constables  to  endeavour  to  open  communication  with 
Sylhet.  Returning  by  the  telegi'aph  office,  to  which 
I had  already  been,  I found  the  officials  still  vainly 
endeavouring  to  connect  vith  Gauhati  and  Sylhet. 
I then  went  to  the  bazaar  and  the  police  lines,  and 
despatched  two  constables  down  the  Gauhati  road. 
The  men  had  to  reach  Gauhati,  63  miles  distant,  on  foot. 
Rain  commenced  falling  at  dusk,  and  continued  all 
night  until  the  following  afternoon.  I then  had  double 
guards  placed  over  the  treasury,  where  the  boxes  and 
almirahs  were  exposed,  and  over  the  jail,  the  walls 
of  which  were  level  ndth  the  ground.  It  was  now 
nearly  dark.  Shortly  after  10  p.m.  I proceeded  to 
visit  the  treasury  guard,  police  lines,  and  jail,  where- 
the  prisoners  were  spending  the  night  in  the  open. 
While  at  the  jail  about  midnight,  an  alarm  of  lire 
was  raised  from  the  main  bazaar.  I went  across 
from  the  jail,  and  found  a shop  in  the  centre  of  the 
bazaar  on  fire.  The  iron  roof  had  collapsed  like 
every  other  one  in  the  station,  and  the  fire  must  have 
been  smouldering  for  hours.  I had  a passage  cleared 
on  either  side  through  the  debris  of  the  adjoining, 
shops,  to  prevent  the  fire  spreading,  a very  necessary 
precaution,  as  one  of  the  shops  contained  a large- 
quantity  of  kerosene  oil.  From  the  fallen  roofs  of 
the  adjoining  shops  earth  and  water  were  thrown,, 
and  the  fire  was  finally  got  under  about  1.30  a.m.,. 
when  the  woodwork  and  contents  of  the  burning, 
shop  had  burnt  themselves  out.  Had  the  fire  spread 
as  at  one  time  seemed  likely,  it  would  have  resulted 
in  the  destruction  of  all  food  supplies.  I then  re- 
visited the  treasury  guard,  and  went  on  to  the- 
co-operative  stores,  on  which  I had  placed  a police 
guard  to  prevent  looting,  and  returned  finally  to  the 
Secretariat  Press.  At  the  Press  I found  the  Gurkhas„ 
who  had  been  working  all  night,  recovering  the  killed 
and  wounded  at  the  risk  of  their  lives  amid  successive- 
shocks,  the  worst  of  which  occurred  shortly  after  i a.m. 
The  men  were  quite  fagged  out.  It  was  now  about 
3 a.m.  Day  revealed  the  fact  that  Shillong  was  without 
a water-supply,  and  that  it  was  cut  off  from  communi- 
cation with  the  outer  world.  Water  from  the  pipes  for 
drinking  purposes  was  not  to  be  expected,  and  could 
not  be  laid  on  for  some  days.  But  even  the  water  in. 
the  numerous  open  channels  throughout  the  station, 
had  disappeared.  As  regards  communications,  the 
telegraph  officials,  to  whom  I lent  ponies,  returned 
from  the  6ist  mile,  as  they  were  unable  to  cross  the. 
swollen  torrent.  In  the  afternoon  a second  batch  of 
messengers  to  Gauhati  swam  the  river,  assisted  by- 
ropes.” 

“ The  pressing  questions  were  obviously  supplies  and 
communications,  and  last,  but  not  least,  sanitation. 
After  visiting  my  o^vn  house  about  5 a*m.  in  the 
morning  of  the  13th,  in  the  vain  endeavour  to  get 
some  diy  clothes,  as  I had  been  out  all  night  in  the 
rain,  I proceeded  to  the  bazaar  to  inquire  into  the 
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supply  question.  The  dealers  owned  up  to  having; 
1,500  inaunds  of  rice,  200  maunds  of  ata,  and  about 
200  inaunds  of  dal,  sufficient  for  about  a fortnight, 
though,  for  obvious  reasons,  the  supjdy  was  no  doubt 
understated.  For  the  first  three  or  four  days  there  was 
a considerable  scare,  so  much  so  that  many  persons  laid 
in  stock  enough  to  last  for  a month.  I accordingly  found 
it  necessary  to  arrange  with  a dealer,  the  only  man  who 
came  forward,  for  the  import  of  5,000  maunds  of  rice  by 
1st  July.  The  rest  had  formed  a ring  prepared  to  charge 
anything  which  panic-stricken  people  were  willing  to 
give.  The  rice-eating  population  of  .Shillong  is  largely 
composed  of  clerks  and  their  families,  so,  in  order 
to  prevent  extortion,  while  not  interfering  with 
legitimate  free  trade,  I fixed  the  price  at  8 rupees 
a niaund,  which  gave  the  vendors  ample  profit  on 
the  stocks  they  had  in  hand.  At  the  same  time  I 
informed  the  ring  that  I would  seize  their  rice  and 
have  it  sold  by  the  police,  if  my  orders  were  in  any 
way  infringed,  I did  not  find  it  necessary  to  fix  a 
narrow  limit  to  the  amount  sold  to  individuals,  as  it 
was  soon  obvious  by  daily  noting  the  sales  that  the 
supplies  would  last  longer  than  the  estimated  fort- 
night, and  the  orders  already  issued  had  a most 
rsalutary  effect.  Fortunately,  potatoes,  which  could 
not  be  exported  owing  to  the  stoppage  of  communi- 
cations,  were  unusually  cheap  and  plentiful.  At  the 
•same  time,  until  and  for  some  time  after  it  was  known 
that  the  Gauhati  road  had  been  reopened  to  within 
.53  miles  of  Shillong,  there  was  considerable  anxiety 
ns  regards  supplies.” 

You  will  obseiwe  that  an  Indian  official  does 
not  hesitate  to  interfere  with  the  freedom  of 
trade  when  he  thinks  interference  necessary. 
The  fame  of  our  Gurkha  troops  has  spread  far; 
•on  this,  as  on  other  occasions,  they  were  our 
friends  in  the  hour  of  need.  Immediately  after 
the  earthquake  they  worked  day  and  night  in 
rescuing  the  unfortunate  people  entombed  in 
the  Secretariat  Press.  They  assisted  in  build- 
ing huts  and  improvising  accommodation  for 
the  civil  population.  They  even  worked  on  the 
toads  and  bridges. 

At  5 p.m.  in  Indian  stations  the  European 
Inhabitants  are  generally  out  of  doors  riding, 
•driving,  playing  tennis — generally  taking  the 
air  after  their  day’s  work.  On  Saturday  after- 
noons they  are  out  of  office  earlier  than  on 
•other  days.  The  Chief  Commissioner  and  his 
wife  were  just  stepping  into  their  carriage  at 
the  front  door  of  Government  House  to  go  for 
their  evening  drive,  when  the  first  shock  was 
felt.  The  ponies  bolted  and  carried  the  car- 
riage clear  of  the  falling  building.  Had  the 
■earthquake  occurred  while  the  officials  and 
clerks  were  in  their  offices,  or  at  night,  or, 
indeed  at  any  other  time,  the  mortality  must 
have  been  terrible.  Poor  Mr.  McCabe  was 


suffering  from  neuralgia,  was  lying  down  per- 
haps asleep,  when  the  catastrophe  occurred. 
Some  official  papers  were  found  with  the  body, 
so  it  is  conjectured  the  poor  man  had  been  dis- 
posing of  office  work  as  he  lay  in  bed.  We 
may  learn  from  poor  Mr.  McCabe’s  fate  what 
would  probably  have  happened  had  the  earth- 
quake occurred  at  night.  The  only  other 
casualty  among  the  European  community  was 
a retired  officer  of  the  Survey  Department  who 
was  caught  inside  his  house  and  was  buried  in 
its  ruins. 

Mr.  McCai’.e. 

Mr.  McCabe  was,  at  the  time  of  his  death, 
head  of  the  police  department  in  Assam,  an  im- 
portant position,  because  in  this  frontier  pro- 
vince, besides  the  ordinary  military  force  there 
is  a body  of  military  police  some  3,000  strong 
— a small  brigade.  In  recording  the  death  of 
this  distinguished  officer  the  Chief  Commis- 
sioner wrote  in  the  first  “ Gazette  ” published 
after  the  catastrophe  on  June  26th : — “ His  whole 
servJce  had  been  passed  in  Assam,  where  he 
was  mostly  employed  in  frontier  duties  and  had 
acquired  an  unrivalled  reputation  for  courage, 
resource,  forbearance,  and  temper  in  time  of 
crisis  and  difficulty.  He  was  as  much  es- 
teemed in  the  plains  districts  of  the  pro- 
vince as  he  was  respected  and  loved  by 
the  hill  tribes  among  whom  he  lived  so 
long.  His  death  is  an  irreparable  loss  to 
the  province  and  will  be  mourned  by  innume- 
rable friends  in  every  district  of  Assam.”  I 
may  add  to  the  Chief  Commissioner’s  words 
that  the  mourning  extended  far  beyond  Assam. 

Though  they  are  not  so  generally  out  of 
doors  at  five  p.m.  as  the  Europeans  the  natives 
are  at  that  time  at  least  awake  and  moving, 
many  of  them  actually  outside  their  houses.  It 
was  the  Mohammedan  festival  of  the  Maharram 
and  m the  plains  districts,  especially  in  the 
southern  valley,  the  population  of  which  is 
largely  Mohammedan,  many  people  were  at  the 
time  of  the  earthquake  celebrating  the  festival 
by  processions  and  otherwise.  In  Shillong, 
among  the  native  population  there  were  only 
29  deaths,  10  of  which  were  caused  by  the  fall 
of  the  Secretariat  Press.  The  clerks  and 
workmen  in  this  office  had  not  been  dismissed 
at  the  usual  hour,  five  p.m. 

Gauhati. 

Gauhati  is,  as  I have  said,  the  chief  town  of 
the  Northern  valley.  It  lies  63  miles  due  north 
of  Shillong  on  the  Brahmaputra  river,  which 
here  flows  through  some  outlying  spurs  of  the 
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central  range  which  gives  the  river  the  appear- 
ance of  a lake.  The  earthquake  is  stated  to 
have  reached  this  place  at  5.15  p.m.  local  time. 
The  sun  was  shining,  the  sky  was  a little  gloomy, 
the  weather  was  perfectly  still.  The  shocks 
grew  in  intensity,  houses  and  trees  began  to 
rock  as  if  in  a violent  storm,  and  it  was  diffi- 
cult to  stand.  The  earthquake  lasted  about 
three  minutes.  The  direction  seemed  to  be 
from  south-west  to  north-east.  All  buildings 
with  masonry  walls  collapsed.  Buildings  sup- 
ported by  strong  wooden  or  bamboo  posts  with 
lath  and  plaster  walls  escaped  serious  injury. 
Buildings  with  iron  posts  hardly  suffered  at 
all.  The  wards  in  the  jail,  which  consist  of 
an  iron  framework  with  lath  and  plaster  walls, 
and  corrugated  iron  roofs,  supported  some 
6 feet  from  the  ground  on  masonry  pillars, 
were  uninjured,  though  the  high  wall  round 
the  jail  was  completely  demolished.  The 
road  along  the  river  - bank  subsided  in 
several  places.  At  several  places  springs  of 
water  with  very  fine  sand  the  colour  of  Portland 
cement  bubbled  up,  and  the  bubbling  lasted 
for  24  hours.  The  Brahmaputra  rose  four  feet, 
and,  at  any  rate  near  the  banks,  flowed  up 
stream.  There  were  only  five  deaths  in  this 
town. 

A friend  sends  the  following  description  : — • 

“I  had  left  my  house  after  taking  tea.  I had 
driven  100  yards  from  my  gate,  when  I thought  I 
heard  the  drums  of  a procession  (it  was  the  feast  of 
the  Mahairam)  and  sent  my  syce  to  the  horse’s 
head.  The  noise  increased,  and  I then  recognised 
the  rumble  of  an  earthquake.  At  that  moment  the 
shock  began — three  or  four  fairly  strong  ones.  I 
scrambled  out  of  my  trap  only  to  be  thrown  down  on 
my  hands  and  knees,  and  for  nearly  three  minutes  I 
was  in  that  position,  being  on  a sea  of  earth  which 
heaved  up  and  down  and  backwards  and  forwards.  I 
could  hear  only  the  rumble  and  the  swish  of  some 
small  trees  near  me  as  they  rocked  violently  to  and 
fro — ^just  the  noise  a boy  makes  when  he  shakes  a 
small  sapling  violently.  I got  up  as  soon  as  the 
worst  was  over,  and  looked  back  at  my  house.  It 
was  invisible — a red  cloud  had  taken  its  place.  I ran 
back  and  found  my  wife  and  a lady  who  was  staying 
with  us  on  the  grass  20  yards  from  the  house.  They 
got  out  of  the  house  just  before  the  heavy  shocks 
came.  All  the  other  Europeans  in  the  station  were 
either  out  of  their  houses  or  got  out  of  them  in  time. 
We  all  spent  the  night  on  board  one  of  the  mail 
steamers  moored  to  the  bank,  but  were  turned  out  at 
5 a.m.  into  pouring  rain,  as  the  steamer  had  to  pro- 
ceed on  her  voyage.” 

The  experiences  of  a passenger  on  board  a 
steamer  moored  at  Gauhati  are  interesting. 
He  writes  : — 


“We  were  anchored  at  the  time.  I was  on  the 
foredeck  talking  to  the  captain,  when  I suddenly  heard 
a strange  rumbling  noise  coming,  as  I thought,  from 
the  engine-room.  Then  it  grew  louder  and  louder ; 
the  captain  then  said  ‘it  is  an  earthquake.’  No  sooner 
had  he  said  this  than  I was  thrown  off  my  feet  as  the  1 
steamer  seemed  to  be  thrown  up.  I was  obliged  to  > 
cling  to  a pillar  for  support,  as  it  was  impossible  to 
stand  Avithout  assistance.  I saw  the  large  masonry 
landing-place,  arches,  roof,  and  walls,  cmmble  to  the 
ground  like  a pack  of  cards.  All  the  buildings  I 
could  see  fell  to  the  ground  with  a crash.  I saw  the 
top  of  the  temple  on  Peacock  island  fall  into  the 
river.  Although  we  had  three  anchors  down  at  the 
time  the  storm-wave  was  tossing  us  about.  Even  the 
next  morning  the  river  was  still  terribly  rough.” 

Sylhet. 

Sylhet  is  the  chief  town  of  the  southern 
valley.  It  is  only  some  60  feet  above  the  level  . 
of  the  sea.  In  the  cold  season  the  tide  is  i 
noticeable  within  30  miles  of  the  town.  It  I 
lies  some  60  miles  south  - south  - east  from  ’ 
Shillong.  The  earthquake  is  stated  to  have  i| 
occurred  here  at  5.16  p.m.  local  time.  The  | 
duration  was  about  one  minute  and  three-  t 
quarters.  During  this  time  there  were  three-  | 
distinct  shocks,  one  slight  preliminary  one  and  | 
two  severe  ones.  Houses  both  brickbuilt  and  i 
thatched  were  demolished. 

The  mortality  in  the  town  is  represented  to  i 
have  been  55.  Here  as  elsewhere  the  earth-  1 
quake  occurred  at  the  most  favourable  time.  1 
The  prisoners  in  the  jail,  some  500,  were  in  the  1 
jail  yards  waiting  to  be  locked  up  in  the  sleep- 
ing wards.  Had  the  shock  been  a quarter  of  1 
an  hour  later  hundreds  of  them  must  have  been  ,| 
killed  ; as  it  was,  only  ten  lost  their  lives.  ^ 

A native  gentleman  recorded  his  experiences  ! 
as  follows  : — j 

“ The  first  shock  came  from  the  north-west  corner  I 
— more  from  the  north  than  the  west.  I lingered  in  | 
the  verandah  but  as  the  plaster  and  bricks  began  to 
fall  about  my  ears  I came  out  reeling  about.  By  this-  i; 
time  the  shock  came  with  a deep  low  and  suppressed  1 
rumbling  sound,  which  passed  from  north-east  to  south-  ‘ 
west.  Everyone  was  thrown  down  now,  and  it  struck  me  ' 
how  it  was  that  I was  standing,  though  almost  dancing 
about.  I was  facing  west,  but  was  looking  at  the  betel 
trees,  bamboos,  and  houses  on  the  north.  These  were 
swaying  to  and  fro  at  first  north-north-west  to  south- 
south-east  ; afterwards  west- north-west  to  east-south- 
east. It  was  then  that  the  masonry  house  on  the 
Mulvi  hill  came  down  with  a crash,  falling  towards 
the  north-west,  and  the  dust  rising  that  way  also. 
Then  other  houses  came  down,  sending  the  red  dust  ( 
towards  the  north,  though  the  wind  blew  from  west.  | 
Houses,  huts,  bamboos  and  other  trees  were  swaying 
west-north-west  to  east-south-east.  These  appeared 


April  15,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


483 


as  if  on  the  ridges  and  valleys  of  big  undulations. 
Immediately  after  the  first  shock  there  were  loud  and 
long  cries  of  ‘ horibole,’  ‘Alla!’  from  thousands  of 
throats,  and  the  women  called  ‘ ulu,  ulu.’  During 
the  continuance  of  the  shocks  these  cries  entirely  died 
out,  giving  a most  oppressive  stillness  for  this  part  of 
the  day.  On  the  open  ground  everyone  who  was 
coming  or  going  was  thrown  down.  Some  tried  to 
get  up,  but  came  down  more  than  once.  Others  tried 
to  remain  where  they  fell,  but  could  not,  and  began 
to  roll  about  until  steadied  by  clutching  the  grass. 
Many  sat  up  with  knees  and  feet  on  the  ground,  and 
steadying  themselves  -with  the  hands  appeared  like 
huge  frogs.” 

In  the  river  a bigw’ave  10  or  ii  feet  high  was 
formed  and  dashed  against  the  north  bank  and 
overtopped  the  road.  On  the  road  this  gentle- 
man afterwards  found  coolies  catching  fish, 
from  small  fry  to  3 to  4 lbs.  in  weight.  This 
harvest  of  fish  was  reaped  in  many  other 
places.  The  river  Kosi,  in  Bengal,  delivered 
up  a large  one.  Very  large-sized  fish  were 
found  dead  and  dying  on  its  banks. 

The  buildings  at  Sylhet  did  not  come  down 
in  any  particular  direction  ; they  fell  all  of  a 
heap.  In  some  cases  direction  was  noticeable, 
but  it  varied  in  different  buildings  ; walls  of 
enclosures  fell  in  all  directions,  those  running 
north  and  south  fell  partly  to  the  east  and 
partly  to  the  west,  w'hile  those  running  east 
and  west  fell  partly  to  the  north  and  partly  to 
the  south.  The  upper  half  of  a Hindu  temple 
fell  towards  the  south,  landing  on  its  apex, 
in  which  position  it  remained,  looking  like  a 
wine  glass  broken  off  from  its  stalk.  The  top 
of  the  Inglis  monument  at  Chhatak  fell  in  one 
block  to  the  south  and  a portion  immediately 
below  it  fell  to  the  east,  while  a third  portion 
next  below  did  not  fall,  but  was  twisted  round 
at  right  angles  to  its  base,  which  did  not  move. 
A pepul  tree  gi*owing  on  the  bank  of  the  river 
Surma  slipped  into  the  river  with  the  bank  and 
travelled  about  300  yards  up  stream  against 
the  current  before  it  came  to  rest.  This  phe- 
nomenon, the  water  of  rivers  flowing  up  stream 
for  a time,  was  noticed  at  Gauhati  also.  I 
have  not  found  it  mentioned  in  connection 
with  other  earthquakes.  As  rivers  in  alluvial 
deposits  have  a fall  as  low'  as  3 inches  a mile, 
a small  upheaval  w'ould  serve  to  turn  them  back. 
Later  on  I shall  notice  a general  upheaval  of 
river  beds.  The  native  gentleman  further 
remarks  that  many  places  which  were  flat 
before  retained  the  undulated  formations  to 
W’hich  they  were  throwm  by  the  earthquake. 

This  gentleman  relates  how  he  was  riding 
at  a canter  three  days  after  the  main  earth- 


quake, when  he  w'as  overtaken  by  a shock. 
The  pony  was  throwm  off  its  legs,  fell,  and 
broke  its  neck. 

Tura. 

The  little  hill-station  of  Tura  lies  at  the 
extreme  western  end  of  the  central  range  of 
hills,  about  1,500  feet  above  the  sea.  The 
shock  here  began  with  a sharp  vibration, 
increasing  in  about  20  seconds  to  a violent 
rocking  and  heaving  motion  of  the  earth, 
which  lasted  about  three  minutes  ; in  about 
two  minutes  more  it  gradually  subsided  to  a 
gentle,  but  distinct,  tremor.  Landslips  occurred 
wherever  the  ground  was  steep  and  not  formed 
of  solid  rock.  Cracks  in  the  ground  opened 
out  everywhere,  chiefly  along  the  upper  edges 
of  sloping  ground,  but  also  on  the  level  crests 
of  the  spurs.  Where  the  soil  is  sandy  and  fairly 
level,  the  ground  looks  as  if  a steam  plough 
had  passed  over  it,  turning  up  the  turf,  and 
throwing  the  clods  in  every  direction,  some  up 
hill  and  some  down.  In  many  cases  the  sods 
were  turned  completely  over  so  that  only  the 
roots  of  the  grass  are  visible.  Large  pieces  of 
turf  were  found  lying  on  the  grass  with  no 
mark  or  sign  to  show  the  place  from  which  they 
had  been  torn. 

A stone  in  the  parade  ground,  about  20 
inches  in  diameter  and  10  inches  thick,  partly 
embedded  in  the  ground,  w’as  thrown  to  a dis- 
tance of  about  three  feet  and  turned  upside 
down . 

The  offices  and  houses  in  the  station  con- 
sisted of  a wooden  framework,  filled  in  with 
lath  and  plaster,  with  roofs  of  thatch  or  cor- 
rugated iron.  Some  had  masonry  plinths, 
others  wooden  floors  raised  from  the  ground. 
The  masonry  plinths  crumbled  away  like 
sand,  the  stones  rolling  on  all  sides.  Where 
the  posts  on  which  the  houses  lent  were  driven 
deep  into  the  ground  the  damage  was  great 
though  the  posts  did  not  actually  fall  down. 
Where  the  posts  instead  of  being  driven  into 
the  ground  rested  on  stones  flat  with  the  earth, 
the  houses  withstood  the  shocks  with  compara- 
tive immunity. 

A gentleman  writes  : — 

“My  wife  shouted  to  the  nurse,  ‘Earthquake,’ 
and  seized  one  child  while  the  nurse  seized  the  other. 
The  nurse  who  was  in  front  rushed  down  the  front 
verandah  steps  in  frantic  excitement  when  the  steps 
<^aped  open  and  her  foot  got  into  one  of  the  fissures 
and  she  was  trij^ped  up.  The  roof  then  came  down 
and  the  nurse’s  little  charge  was  concealed  under  it, 
where  it  had  sagged.  The  native  house  servant 
pluckily  bore  the  weight  of  the  whole  roof  section  on 
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his  back  as  it  had  slipped  down  and  thus  saved  the 
child  from  being  crushed  beneath  its  weight.” 

In  the  Garo  hills  district,  of  which  Tura  is 
the  head-quarters,  numerous  small  lakes  have 
been  formed,  ^ to  miles  in  length  and  10  to 
20  feet  deep.  Saplings,  5 inches  in  diameter, 
have  been  snapped  off  some  feet  from  the 
ground  : such  was  the  intensity  of  the  shock. 

Experience  of  Civil  Surgeon  of 
Goalpara. 

The  Civil  Surgeon  of  the  Goalpara  district, 
which  lies  at  the  western  or  lower  end  of  the 
northern  or  Brahmaputra  valley,  happened  to 
be  in  camp  at  the  time  of  the  earthquake,  and 
has  written  a very  vivid  account  of  his  ex- 
periences : — • 

“ I was  in  camp  at  Jemadarhat,  on  the  trunk  road, 
some  ten  miles  east  of  Dhubri.  The  rest-house  was 
burnt  down  some  months  ago,  and  my  servants  rigged 
up  a small  godown.  about  16  feet  by  8 feet,  for  me  to 
stay  in  during  the  night. 

“At  5 p.m.  came  this  terrible  earthquake.  I in- 
variably sit  out  an  earthquake,  as  I have  always 
thought  the  worst  is  over  before  one  has  time  to  get 
outside  a house,  but  though  I was  safe  enough  in  the 
hght  shanty  I w^as  in,  I had  to  rise,  as  the  shock 
seemed  never-ending,  and  a roar  of  water  flowing 
near,  and  the  hum  of  voices,  compelled  my  getting 
up.  The  villagers  were  panic-stricken  and  fleeing 
from  their  houses  to  the  trunk  road.  The  ground  I 
at  once  saw  was  everywhere  cracked  up,  sunk,  &c. 
Behind  the  old  rest-house  is  the  termination  of  a very 
long  lagoon.  It  was  a wonderful  sight,  this  lagoon. 
The  water  ro.se  steadily  in  it,  and  in  two  minutes  must 
have  risen  at  least  12  feet  and  then  overflowed,  and 
with  this  overflow  the  whole  country,  as  far  as  the  eye 
could  see  on  each  .side  of  the  trunk  road,  was  one 
sheet  of  water;  the  fact  being  that,  from  all  the 
innumerable  cracks  water  had  gone  on  spouting,  and 
that,  coincidentally  with  the  overflow  of  this  lagoon, 
the  water  level  had  risen  to  the  same  height  all  over 
the  surrounding  country. 

“In  addition  to  the  cracks  from  which  the  water 
w'elled  up  carrying  the  sand  with  it,  innumerable  jets 
of  water,  like  fountains  playing,  spouted  up  to  heights 
vaiying  from  1 8 inches  to  cjuite  3|-  or  4 feet.  Wherever 
this  had  occurred,  the  land  was  afterwards  seen  to 
occupy  a sandy  circle  with  a depression  in  its  centre. 
These  circles  ranged  from  2 to  6 or  8 feet  in  dia- 
meter, and  were  to  be  seen  all  over  the  country.  In 
some  places  several  w'ere  quite  close  together;  in 
others  they  were  at  a distance  of  several  yards  apart. 
They  had  the  appearance  of  small  craters.  I have 
heard  it  said  that  that  the  water  from  the  cracks  and 
these  so-called  fountains  was  warm,  almost  hot,  but 
this  must  be  due  to  someone’s  imagination.  I had  to 
wade  through  a good  deal  of  water  whilst  the  water 
level  was  rising,  and  had  the  temperature  of  the  water 


been  abnormal,  it  must  have  made  itself  felt  to  me. 

It  must  not  be  overlooked  that  the  country  had  been 
waterlogged  days  before  the  earthquake  came,  and 
that  it  must  have  been  this  water  which  was  driven  up 
with  the  subsidence  of  the  land,  as  I believe  the  j 
quake  was  due  to  a subsidence. 

“ In  front  of  the  Jemadarhat  rest-house  the  Garo  1 
hills  are  within  fi^•e  miles,  and  behind  it  is  the  Brahma- 
putra, at  a distance  of  not  more  than  two  miles.  The 
trunk  road  remained  above  water,  but  in  certain  por- 
tions where  it  had  subsided  from  one  to  two  feet,  the 
Avater  flowed  across  it,  and  at  these  places,  where  the 
panic-stricken  villagers  tried  to  run  towards  the  direc-  , 
tion  of  Lakhipur,  which  is  12  miles  off  in  the 
Gauhati  direction,  the  poor  creatures  got  7uore 
alarmed  than  ever,  for  they  found  themselves  sprawl- 
ing about  in  the  water,  unable  to  realise  what  had 
barred  their  progress,  and  not  knowing  if  they  were  , 
going  to  get  out  of  it  again.  At  all  these  gaps  or 
places  Avhere  the  earth  had  subsided,  or  where  fissures  , 
and  cracks  had  formed,  the  rush  of  Avater  from  them 
aU  carried  AA’ith  it  an  immense  quantity  of  sand,  and  , 
this  Avas  AA'hat  baired  the  progress  of  these  panic-  , 
stricken  AiUagers.  Tins  sand  had  a particularly  quick-  1 
feel  about  it,  but  fortunately,  as  a rule,  Avas  not  deep  1 
on  that  portion  of  the  road  that  had  subsided  near  the  ( 
rest-house.  ] 

“ The  main  shock  seemed  to  me  to  have  lasted  ; 
nearly  six  minutes,  but  perhaps  in  this  I am  Avrong,  j 
and  perhaps  I may  have  missed  a cessation  and  • 
taken  two  or  more  shocks  as  one,  for  certainly  I i 
noticed  no  cessation.  It  seemed  as  though  death  i 
from  droAvning  must  have  been  the  end  of  every  one  ■ 
near  me.  Although  the  shocks  Avent  on  being  | 
repeated  incessantly  at  interA’als  of  a few  minutes,  the 
rise  in  the  Avater  ceased  after  half  an  hour,  and  then  1 
the  idea  present  to  one’s  eye  Avas  that  the  country  on 
either  side  of  the  road  was  nothing  more  than  in- 
numerable sand-ckurs  of  different  sizes,  such  as  are  1 
met  wdth  in  the  Brahmaputra.  This  meant,  of  ' 
course,  that  crops  A\’ere  considerably  covered  by  this 
sand.  Most  of  the  excavations  made  by  the  earth- 
cutters  annually  on  each  side  of  the  trunk  road  to 
enable  them  to  throw  fresh  earth  on  to  it  have  been 
filled  in  by  this  sand. 

“ All  the  panic  subsided  by  about  9 o’clock ; the  ! 
hut  I Avas  originally  in  Avas  now  under  w'ater,  and  I 1 
could  not  get  back  to  it.  Many  of  the  villagers’ 
houses  and  those  of  the  shopkeepers  had  sunk  a good  1 
deal,  Avhilst  others  filled  Avith  two  or  more  feet  of  1 
sand  through  the  doorAvays.  My  horse  broke  aAA^ay  j 
towards  the  end  of  the  first  shock,  and  made  for  ' 
home,  the  groom  after  her  as  hard  as  he  could  go,  but  | 
on  reaching  a good  strong  Avooden  bridge,  she  Avas  | 
stopped  by  the  bridge  subsiding  on  the  Dhubri  side. 
Cattle  seemed  to  find  great  trouble  in  extricating 
themseh'es  from  the  sand  and  Avater,  AA’hich  but  a few 
minutes  before  Avas  their  grazing  ground.  Villages  ; 
Avere  Avholly  vacated  and  refuge  taken  vA'herever  high  j 
land  was  available.  Almost  CA-erything  is  said  to  have 
its  ludicrous  side,  and  in  the  midst  of  confusion  and 
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the  marked  panic  of  the  villagers,  it  was  amusing  to 
find  my  cook  busy  at  work  preparing  dinner  within 
half  an  hour  of  the  occurrence.  There  he  was,  as 
though  nothing  had  occurred,  on  the  plinth  of  a burnt- 
down  hut  only  just  above  water,  and  sunounded  on 
all  sides  by  it.  I was  veiy^  grateful  to  him  later  on 
for  not  having  parted  with  his  wits. 

“As  the  rush  of  water  ceased  and  order  was  to 
some  small  extent  renewed,  those  who  were  able  to 
do  so  scrambled  to  their  huts,  and  brought  out  boxes 
and  bedding,  &c.,  &c.,  and,  with  their  belongings, 
encamped  on  the  road  for  the  night.  At  about  10  it 
struck  me  I might  have  a roof  over  my  head  if  I got 
near  the  ferryghat,  as  there  was  a tumble-down  serai 
there.  I had  gone  half  a mile  when  two  men  assured 
me  it  was  impossible  for  me  to  progress,  owing  to  a 
gap  of  several  feet  in  the  road  through  which  water 
dowed,  and  across  which  they  had  just  swum.  On 
hearing  this,  I returned,  and  with  my  bed  on  the 
road,  attempted  to  get  some  rest.  This  was  impos- 
sible, with  the  continuous  and  oft-repeated  seismic 
shocks  at  short  internals,  which,  whenever  the  least 
bit  strong,  were  followed  by  the  wail  of  human  voices. 
Cattle,  goats,  and  dogs  formed  a goodly  addition  to 
those  resting  on  the  road  for  the  night.  At  2 a.m. 
a sharp  drizzle  came  down,  and  with  my  umbrella 
over  my  face  and  a rug  over  my  body,  I weathered  it 
out  till  3 a.m.,  when  my  rug  had  got  wet  through. 
Close  by  was  the  rest-house  well.  I now  transferred 
my  head-quarters  to  it  by  wading  across  2 feet  of  water 
for  about  1 5 yards,  and  then  spread  a dryish  rug  on 
the  masonry  platform  of  this  well.  The  well  and  its 
platform  had  both  been  badly  cracked  at  5 p.m.,  and 
the  water  had  risen  to  within  1 8 inches  of  the  surface. 
It  had  a thatched  covering  over  it,  and  this  sheltered 
me  during  two  hours  of  heavy  rain. 

“ At  5 a.m.  I rose  finally,  having  had  a fair  night’s 
rest  under  most  extraordinary  circumstances.  Having 
had  some  breakfast  at  six,  I started  to  walk  back  to 
the  ghat,  having  learnt  that  the  road  was  impassable 
towards  Lakhipur.  As  the  road  was  heavy,  and  my 
groom  had  developed  strong  fever,  I left  him  the  trap 
to  drive  in  slowly.  The  whole  trunk  road  from 
Jemadarhat  to  the  river,  which  I had  seen,  had 
cracks  running  along  it,  which  were  in  some  instances 
100  feet  long ; in  others  the  earth  had  subsided  for  a 
similar  distance,  and  then,  again,  traverse  cracks, 
depressions,  &c.,  existed  all  along  the  road,  at  dis- 
tances of  a few  feet  for  miles ; the  same  thing  seemed 
to  have  occurred  off  the  road  side.  The  villagers 
stated  that  they  had  lost  the  grain  they  had  stored  in 
their  houses.” 

Conduct  of  Native  Servants. 

The  Civil  Surgeon’s  reference  to  his  servants’ 
conduct  on  this  occasion  reminds  me  of  Lord 
Roberts’s  bearer,  who  in  the  thickest  of  one  of 
his  many  fights  nudged  his  master  and 
informed  him  his  bath  was  ready.  Indeed, 
the  conduct  of  native  serv'ants  in  this  hour  of 


trial  was  exemplary.  A correspondent  from 
Shillong  writes  : — 

“ Never  were  masters  better  served  than  were  we. 
They  slaved.  Like  ourselves,  they  were  homeless, 
clothesless,  wet,  and  comfortless  ; but  never  a 
grumble  was  heard,  and  their  first  thought  was  ever 
for  us.  Nothing  came  amiss  to  them,  and  if  we 
suffered  discomforts,  it  was  in  spite  of  their  untiling 
devotion  and  energy.  And  as  for  their  honesty,  it 
was  prodigious.  W^e  were  absolutely  in  their  hands. 
The  genuine  pleasure  with  which  they  unearthed  from 
the  debris  and  brought  to  one  valuables  they  could 
easily  have  misappropriated  was  something  to  be 
remembered.” 

Conduct  of  Native  Population. 

Though  there  was  some  panic  at  first,  the 
native  population  on  the  whole  behaved  ex- 
ceedingly well.  The  Garos  of  the  hills  left 
their  fields  and  retired  into  their  houses  to 
await  further  catastrophes.  The  Garo  belief 
is  that  the  world  is  a square  flat  body,  hung  up 
by  a string  at  each  corner.  There  is  a squirrel 
always  trying  to  gnaw  these  strings,  but  to 
prevent  it,  a demon  was  appointed.  This 
demon,  however,  neglected  his  duty,  and  in 
order  that  his  attention  might  not  in  the  future 
be  diverted  from  his  work,  he  was  struck  blind. 
Now  that  he  can’t  see,  the  squirrel  of  course 
has  the  best  of  it,  and  it  is  feared  that  when 
one  or  tw^o  of  the  strings  are  gnawed,  the  earth 
will  be  turned  upside  down.  Another  story  is 
that  Her  Most  Gracious  Majesty,  not  content 
with  the  last  earthquake,  has  ordered  another 
and  more  vigorous  one  to  be  followed  by  a 
cyclone.  That  it  is  in  the  power  of  the 
Alaharani  to  do  this  is  never  doubted.  One 
man  asked  for  a parwana  to  forbid  the  hill 
behind  his  house  from  slipping  down  on  to 
him.  Had  the  houses  of  the  European  officials 
in  Tura  not  been  wrecked,  the  Garos  would 
have  made  up  their  minds  without  doubt  that 
the  recent  catastrophe  was  the  work  of  the 
Sahibs,  and  excited  by  the  wild  stories  in 
common  circulation,  they  might  have  given 
some  trouble. 

Among  the  more  civilised  people  of  the 
southern  valley  the  immediate  moral  effect  was 
that  everybody  stayed  at  home.  The  popula- 
tion at  large  thought  that  the  end  of  the  world 
had  come.  There  was  for  a few  days  a com- 
plete stoppage  of  business.  In  another  district 
a rumour  was  spread,  apparently  by  some 
priests,  that  a far  more  terrible  earthquake 
would  occur  on  July  3rd,  that  the  earth  would 
collapse  and  disappear  under  water.  The 
people  sat  outside  their  houses  all  night,  pre- 
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pared  rafts  to  float  them  in  case  the  deluge 
should  take  place.  In  one  station  where  all 
the  public  buildings  had  been  destroyed,  the 
local  Court  of  Small  Causes  was  at  once  estab- 
lished in  a shed  at  the  hospital,  ordinarily  used 
for  the  accommodation  of  cholera  patients. 
This,  it  is  officially  reported,  gives  some  idea 
of  the  readiness  of  the  people  to  adapt  them- 
selves to  the  situation. 

Further  Troubles. 

Besides  being  homeless,  our  countrymen  in 
Assam  had  much  else  to  suffer.  After  the 
great  shock,  the  earth  tremor  was  continuous 
for  several  days,  and  definite  shocks  were 
incessant  for  two  or  three  days.  At  Shillong 
itself,  it  is  estimated  there  were  200  shocks  a 
day  for  the  first  two  or  three  days  after  the 
catastrophe,  and  that  these  gradually  div 
minished  to  20  and  30  shocks  a day  up  to  th« 
middle  of  July.  Since  July  there  have  been 
257  shocks  felt,  and  of  these  24  were 
severe.  Some  of  these  shocks  sufficed  to 
to  displace  one  or  more  of  the  cylinders  of  the 
seismometer  I have  described,  which  is  not 
sensitive  to  slight  shocks.  A friend,  writing 
from Gauhati,  on  September  17th,  says: — “This 
is  the  first  day  without  a shock  since  the 
memorable  12th  June.”  At  Goalpara,  below 
Gauhati  in  the  northern  valley,  300  quakes 
were  noted  between  July  loth  and  August  9th. 
Up  to  August  ist,  these  came  from  the  south- 
east, after  that  from  the  north-west,  which  is 
not  easy  to  account  for.  Shocks  were  so 
frequent  between  June  12th  and  July  loth, 
that  no  one  had  time  to  note  them.  So  lately 
as  January  9th,  there  was  a severe  shock  at 
Shillong.  I am  speaking  now  of  shocks  of 
sufficient  intensity  to  be  recorded  without  the 
aid  of  instruments. 

Great  earthquakes  are  usually  followed  by 
a series  of  smaller  ones.  It  is  said  that 
during  the  • six  months  succeeding  the 
Japan  earthquake  of  1891,  2,500  shocks 

were  recorded — 200  and  300  shocks  within  a few 
days  of  the  main  one  are  a common  experience. 
The  shocks  decrease  happily  both  in  intensity 
and  in  frequency  as  time  goes  on.  Of  course, 
any  large  earthquake  may  originate  others  at  a 
distance  ; the  shaking  may  cause  ground  in  a 
critical  state  to  give  way,  and  so  on  ; or  the 
cause  of  the  main  earthquake  may  continue  in 
operation  ; for  instance,  one  large  fissure  may 
be  followed  by  smaller  fissures  in  the  same 
locality. 

The  learned  Professor  Omori  holds  that 
after-shocks  are  necessary  in  the  natural  course 
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of  things,  as  by  their  means  the  disturbed' 
earth  crust  about  the  origin  gradually  settles 
into  its  final  stable  position.  Each  after-shock 
means  the  removal  of  one  residual  weak  point 
near  the  origin.  He  also  propounds  the  com-| 
forting  theory  that  great  earthquakes  are  not| 
repeated  from  the  same  centre.  A great  shock 
implies  the  removal  of  a great  subterranean 
point  of  weakness.  It  is  highly  improbable 
that  another  point  of  weakness  comparable  to 
it  in  magnitude  is  still  existing  in  its  vicinity. 

Not  only  were  people  kept  in  a constant  state  , 
of  alarm  by  these  incessant  quakes.  Both  at 
Shillong  and  Gauhati,  there  was  complete . 
dislocation  of  the  station  water-supply  ; the  1 
drainage  also  suffered.  At  both  these  station sij 
cholera  broke  out  among  the  natives.  At 
Shillong  there  was  almost  an  epidemic  of 
enteric  fever  among  the  Europeans.  Generally  ii 
the  public  health  suffered  considerably. 

Yet  in  the  face  of  this  constant  quaking  and'? 
other  troubles  we  find  that  cricket  and  polo  ik 
were  again  in  full  swing  before  the  end  of  July,  fi 
which,  I think,  is  a remarkable  instance  of. 
recuperative  power. 

Message  from  the  Queen.  ' 

On  Sunday,  June  20th  (the  Sunday  before-  : 
our  Jubilee  procession),  a Jubilee  thanksgiving  l 
service  was  held  at  Shillong,  in  the  shed  on 
the  cricket-ground,  which  had  been  such  a. 
welcome  protection  on  the  night  of  the  earth-  ; 
quake.  After  the  service,  a kind  message  1 
of  inquiry  from  her  Majesty  the  Queen  was-  ' 
read  out,  assuring  all  her  subjects — native  and  I 
European— of  her  sympathy  in  their  affliction..  \ 
You  will  understand  how  such  a message  i 
would  lighten  the  feeling  of  isolation  and 
desolation  which  at  first  oppressed  the  unfor-  1 
tunate  people.  The  children  appear  to  have  ! 
suffered  very  little.  They  soon  got  accustomed  : 
to  the  comfortless  open  air  existence  which 
succeeded  the  earthquake,  and  rather  en- 
joyed it. 

Behaviour  of  Animals. 

I have  not  found  many  references  to  the: 
behaviour  of  animals.  At  Sylhet,  the  cattle, 
ponies,  and  goats,  which  were  grazing  in  the- 
open,  stood  still  vith  distended  legs  facing 
towards  the  direction  of  the  earthquake,  head 
and  ears  up.  When  four-footed  animals  had 
not  time  to  arrange  themselves  in  this  way  they 
were  rolled  over.  A very  young  colt,  which  was 
grazing  with  its  dam,  tried  to  scamper  off 
when  the  rumbling  was  heard,  but  was  rolled 
over.  It  tried  to  get  up  several  times,  but  could 
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not.  The  kites  soared  about.  An  observer 
noticed  the  large  bats,  which  we  call  flying 
foxes,  flying  and  squeaking  piteously  round  the 
I bamboo  clumps,  from  branches  of  which  they 
had  been  hanging.  Elephants  generally  just 
I sat  down,  but  in  some  cases  they  were  caught 

Iand  rolled  over.  The  crows,  who  are  always 
! with  us  in  India  and  give  us  notice  of 
' approaching  storms,  were  much  disturbed 
I immediately  before  the  shock,  flying  about 
I and  cawing  wildly. 

Damage  to  Roads  and  Railways. 

I have  described  how  the  roads  leading  to 
Shillong  were  affected,  and  how  that  station 
was  cut  off  from  the  rest  of  the  world  for  days. 
Similar  damage  was  done  to  roads  in  other 
parts  of  the  province  near  the  seismic  centre. 
The  railways  also  suffered  considerably.  Quite 
near  the  seismic  centre,  at  the  foot  of  the 
central  range  south  from  Shillong  and  north- 
west from  Sylhet,  was  a small  narrow-guage 
line.  At  places  on  this  line  the  rails  have 
been  pushed  up  to  a height  of  2^  feet.  At 
other  places  the  line  has  been  shifted  to  the 
east  side  of  the  embankment.  Curiously,  two 
large  iron  bridges  have  escaped.  Another 
short  line  in  the  northern  valley,  leading  from 
Gauhati  to  nowhere,  which  has  hitherto  been 
worked  at  a loss,  has  been  so  injured  that  it 
cannot  be  reopened  till  the  end  of  this  cold 
season.  A line  has  lately  been  constructed 
along  the  south  of  the  southern  valley.  Though 
some  distance  from  the  seismic  centre,  this 
I line  suffered  a good  deal.  Where  it  crosses 
I a swamp,  the  embankment  has  spread  itself 
out  over  the  swamp,  and  the  rails  re- 
main suspended  in  mid-air.  Generally,  the 
damage  was  greatest  in  soft  ground.  One 
train  w'as  overturned,  another  was  derailed 
and  stuck.  The  Northern  Bengal  Railway, 
which  connects  Calcutta  with  Darjeeling,  was 
I much  damaged  by  fissures  and  the  sinking  of 
embankments.  In  many  cases,  the  rails  were 
twisted  out  of  place,  and  assumed  a serpentine 
course. 

Tea  Gardens. 

The  most  important  industry  in  Assam  after 
ordinary  agriculture  is  that  of  tea  ; and  when 
the  news  of  the  earthquake  first  reached 
England,  grave  fears  were  entertained  for  the 
tea  gardens.  Fortunately  they  lie,  for  the 
most  part,  outside  the  area  of  greatest  dis- 
turbance. Except  in  the  immediate  neigh- 
bourhood of  Gauhati  and  Sylhet,  the  damage 
was  not  such  as  to  stop  manufacture.  The 


buildings  consist  generally  of  iron  frames 
supporting  corrugated  iron  roofs,  the  walls 
being  also  of  corrugated  iron  or  lath  and 
plaster.  Masonry  buildings,  where  they  existed,, 
suffered  considerably. 

Effects  in  Bengal. 

The  earthquake  was  felt  in  varying  degrees 
of  intensity  throughout  the  neighbouring 
province  of  Bengal,  but  only  the  districts 
adjoining  Assam,  on  the  west  suffered  very 
severely.  These  districts  are  alluvial  and 
suffered  in  the  same  manner  as  the  alluvial 
parts  of  Assam.  The  towns  of  Runjpur  and 
Mymensingh,  lying  west  and  south  from  the 
western  end  of  the  central  Assam  range,  were 
destroyed.  At  Cooch  Behar,  north  of  Runjpur, 
the  Maharajah  had  a narrow  escape.  Notic- 
able  features  were  the  opening  of  long  cracks, 
and  fissures  in  the  ground  and  the  formation 
in  places  of  more  or  less  circular  holes,  through 
which  water  and  sand  were  ejected.  A con- 
siderable  area  has  been  strewn  with  sand- 
Sand  was  forced  up  in  a large  proportion  of  the 
wells,  and  rendered  them  dry  and  otherwise- 
unfit  for  use.  Tanks  have  had  their  bottoms 
raised  by  the  upheaval  of  the  soil.  The  largest 
fissures  are  stated  to  have  attained  a length  of 
one  mile,  and  in  some  cases  a depth  of  30  feet- 
In  many  cases  houses  have  been  half  buried- 
Many  small  river  channels  have  been  entirely 
blocked  by  the  upheaval  of  their  beds  and  their 
becoming  choked  with  sand.  In  this  way  the 
surface  drainage  has  been  changed  in  places- 
Several  places  which  were  not  fordable  before 
the  earthquake  and  could  be  crossed  only  by" 
ferry  have  become  fordable.  The  bed  of  one- 
river  has  risen  about  10  to  15  feet  for  a distance 
of  some  20  miles,  and  as  a consequence,, 
the  drainage  has  passed  over  the  country, 
flooding  a number  of  villages.  While  masonry- 
buildings  have  all  been  destroyed,  native 
houses  of  mud,  wood,  matting,  and  thatch, 
have  escaped  with  comparative  immunity. 

Fissures. 

I have  referred  more  than  once  to  fissures 
caused  by  the  earthquake.  These  fissures  play 
a very  important  part,  especially  in  the  alluvial 
portion  of  the  province.  You  are,  probably, 
all  more  or  less  familiar  with  the  formation  of 
alluvial  tracts.  As  a river  approaches  the  sea 
level,  its  fall  becomes  much  less.  Hitherto,  it 
has  been  destructive  ; it  now  begins  to  con- 
struct. It  is  split  up  into  branches  which, 
wind  to  and  fro  through  the  flat  alluvial  land, 
often  coalescing,  and  thus  enclosing  insular 
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spaces  of  all  dimensions.  The  feeble  current, 
no  longer  able  to  bear  along  all  its  weight  of 
sediment,  allo\vs  much  of  it  to  sink  to  the 
bottom,  and  to  gather  over  the  tracts  which 
are  from  time  to  time  submerged.  The  sedi- 
ment, especially  the  coarser  and  more 
sandy  matter,  sinks  quickly  when  water 
becomes  still,  so  the  banks  of  the  rivers 
and  channels  rise  quickly  compared  with 
the  interior  of  the  insular  spaces,  which 
they  encircle.  These  insular  spaces  thus  be- 
come shallow  basins.  These  basins  become 
filled  as  the  rivers  rise,  partly  by  leakage,  and 
partly  by  drainage.  When  the  river  overtops 
its  banks  it  meets  this  body  of  still  water,  is 
reduced  to  stillness  itself,  and  deposits  its  silt. 
Thus  the  slope  in  these  alluvial  tracts  is  from, 
not  to  the  rivers.  The  rivers  gradually  embank 
themselves,  then  the  beds  begin  to  rise.  When 
the  bed  rises  to  the  level  of  the  adjacent  basins, 
the  river  often  breaks  through  into  one  of  them 
and  forms  a new  channel  across  it,  the  banks 
of  which  gradually  rise  as  the  original  banks 
did.*  You  must  imagine  the  whole  of  the 
alluvial  portion  of  the  northern  and  southern 
valleys  of  Assam,  and  the  delta  of  the  Ganges 
and  Brahmaputra  rivers  in  Bengal  as  formed 
•in  this  way  ; a series  of  high  banks  either  of 
actually  existing  rivers,  or  of  old  exhausted 
river  channels.  In  the  rainy  season,  when  all 
the  intervening  spaces  or  basins  are  filled  with 
water,  these  banks  are  the  only  land  above 
water.  They  are,  therefore,  the  natural  site  of 
towns  and  villages.  You  must  imagine  almost 
the  whole  population,  in  the  southern  valley 
a very  thick  population,  congregated  in  these 
high  banks,  which  are,  of  course,  very  un- 
stable. A large  part  of  the  southern  valley  is 
true  delta — much  of  the  northern  valley, 
thought  not  true  delta,  is  alluvial.  Even  where 
the  land  is  not  subject  to  annual  flood,  and 
alluvial  formation  is  no  longer  in  progress,  the 
population  is  attracted  to  the  river  banks, 
because  the  rivers  supply  good  waters,  and 
are  easy  means  of  communication.  You  will, 
therefore,  readily  understand  that  the  collapse 
of  the  banks  of  the  rivers  would  entail  great 
losses  on  the  people. 

In  the  western  end  of  the  southern  valley 
all  the  villages  were  cracked  more  or  less,  the 
-width  of  some  cracks  being  15  or  16  feet.  All 
this  part  of  the  country  lies  so  low  that  in  the 
cold  season,  when  the  rivers  are  low  and  the 
country  dry,  the  tide  is  felt.  Where  the  high 
banks  of  rivers  are  not  available  for  sites,  the 

• Fergusson’s  “Ganges  Delta,”  “Journal  of  Geological 
Society  of  London,”  vol.  19. 


villages  are  built  on  artificial  mounds,  whicli 
are  as  susceptible  to  earthquakes  as  the  em 
bankments  on  roads  and  railways.  Generally! 
as  I have  said,  the  bamboo  and  mat  hut:l 
in  which  the  natives  lived  fared  pretty  weli 
wherever  the  ground  remained  unbroken,  bu 
they  succumbed  to  fissures  and  unequal  sinkint. 
of  the  ground.  At  the  station  of  Nowgong 
in  the  northern  valley,  on  a branch  of  tht 
Brahmaputra,  the  damage  done  was  causec 
not  so  much  from  the  pull  of  the  earthquake 
or  by  the  subsidence  of  the  ground,  as  by  huge 
rents  several  feet  wide,  parallel  to  the  river. 
In  the  southern  valley  at  one  place  41  personsi 
were  collected,  celebrating  the  Mahaiaam' 
festival  on  the  river  bank ; they  subsided  intc 
the  river  with  the  bank,  and  were  drowned. 
In  another  place  in  the  same  valley,  a small 
bazaar  or  market  on  the  bank  of  the  river  sank : 
into  it,  causing  the  death  of  29  persons. 

There  are  several  apparently  authenticated!' 
instances  of  persons  having  been  swallowed  up! 
in  these  fissures.  An  old  woman  was  sitting  in*, 
the  yard  of  a Hindu  religious  house,  when  thei; 
ground  opened  exactly  beneath  her  and  she) 
disappeared.  In  another  case,  a man  and  hisl 
wife  were  standing  on  the  river  bank  when  the! 
earthquake  took  place,  and  a fissure  opened 
under  the  woman,  who  fell  into  it.  The 
husband  caught  hold  of  her  hair  to  save  her, 
but,  finding  his  own  position  insecure,  let  go  his 
hold,  and  the  woman  fell  into  the  aperture. 
In  neither  case  were  the  bodies  recovered. 

The  formation  of  fissures  may  be  explained  as 
follows  : — As  long  as  the  wave  of  elastic  com- 
pression, which  I have  described  above,  is 
propagated  through  a continuous  medium,  ‘ 
each  particle  has  a limit  to  its  extent  of  motion 
dependent  on  the  nature  of  the  medium.  ! 
When  the  medium  is  not  continuous,  but 
suddenly  terminates  with  a cliff  or  scarp,  the 
particles  adjacent  to  this  cliff  or  scarp  having 
no  resistance  to  their  forward  movement,  are 
shot  forward.  The  well-known  illustration  of 
a row  of  boys,  each  one  standing  with  his 
arms  stretched  out,  and  his  hands  resting  on 
the  shoulders  of  the  boy  in  front  of  him,  will 
occur  to  you.  A push  being  given  to  the  boy 
at  the  back  of  the  row,  the  effect  is  to  transmit 
a push  through  the  whole  line  to  the  boy  in 
front,  who,  being  unsupported,  flies  forward. 
When  the  rivers  are  in  full  flood,  the  water 
would  to  some  extent  support  the  banks.* 
Landslips  on  the  sides  of  the  hills  are  caused 
in  a similar  way.  These  have  been  specially 
fatal  on  the  southern  face  of  the  central  hill 

• “ Earthquakes  ” (Milne),  p.  136. 
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tract.  To  any  one  looking  up  from  the 
gouthern  valley,  the  precipitous  sides  of  the 
hills  appear  to  have  been  scarred,  as  far  as  the 
eye  can  see,  by  numerous  and  extensive  land- 
; slips,  resembling  glaciers  running  down  into 
I the  valleys.  The  village  of  Laitiam  was 
I situated  in  a deep  valley,  running  west  to  east, 
with  cliffs  some  2,500  feet  high  on  the  northern, 
western,  and  southern  sides.  Over  the  northern 
I cliff  broke  a famous  waterfall  some  1,600  feet 
high,  which  always  reminded  me  of  the 
Yosemite  Valley  in  California — which  many  of 
you  have,  no  doubt,  visited.  Above  the  fall, 
and  surmounting  the  cliff,  were  some  grassy 
hillocks  composed  of  red  clay.  These  were 
shot  over  the  brow  of  the  cliif,  and  over- 
whelmed the  village  below,  causing  86  deaths. 

One  of  the  prettiest  and  most  flourishing 
villages  in  the  central  hill  tract  of  Assam  was 
Cheyla.  It  has  been  described  as  one  of  the 
most  beautiful  villages  in  the  world.  It  was 
built  up  the  side  of  a steep  hill  with  a gradient 
of  about  I in  3 from  the  bank  of  the  river. 
The  houses  or  huts  rising  one  above  the  other 
were  lightly  built  of  wood  and  thatch.  A large 
part  of  this  village  slipped  down  the  hill  into 
the  river  below,  completely  filling  up  the 
beautiful  fishing  pool.  But  only  117  out  of  a 
population  of  4,000  were  killed.  At  first  sight 
it  seems  a marvel  how  any  could  have  escaped. 
Doubtless  the  people  owe  their  preservation  to 
their  style  of  building,  their  architecture  or 
want  of  architecture.  In  another  village  59 
persons  were  killed  by  land  - slipping. 
Altogether,  some  900  persons  perished  in 
that  part  of  the  central  tract  which  lies 
between  Shillong  and  the  southern  valley. 
In  this  tract  is  situated  Cherrapoongee,  famous 
for  its  rainfall  of  300  to  600  inches  per  annum. 
This  ancient  settlement  was  entirely  destroyed. 
In  the  coal  mines  at  this  place — galleries  driven 
from  the  side  of  the  hill,  the  roofs  of  which  were 
not  properly  supported — 17  persons  were  killed. 

Geysers. 

Frequent  reference  has  been  made  to  geysers, 
the  spouting  up  of  sand  and  water,  often  ac- 
companied by  a sulphurous  smell,  and  to  the 
falling  in  of  wells  and  tanks. 

At  Nowgong,  in  the  northern  valley,  in  every 
small  area  a jet  of  water  and  sand  was  thrown 
several  feet  into  the  air,  and  added  to  the 
terror  of  the  inhabitants.  This  ejection  was 
made  with  such  force  that  the  covers  of  wells 
embedded  into  the  mortar  were  hurled  aside 
and  the  wells  were  filled  in  with  many  feet  of 
sand.  A tank  14  feet  deep  is  now  dry,  and 


has  a layer  of  fine  sand  within  a foot  of  its  top. 
In  this  way  a great  part  of  the  station  is 
covered  with  sand. 

At  a place  in  the  same  valley,  below  Gauhati, 
the  action  of  the  earthquake  in  the  bazaar  was 
most  extraordinary.  Several  houses  subsided 
6 feet,  and  to  that  height  were  engulphed  in 
foetid  smelling  water.  Other  buildings  were 
thrown  down  and  embedded  in  6 feet  of  sand. 
A well  was  altogether  filled  up  with  sand,  and  a 
portion  of  the  wooden  cover  was  hurled  30  feet 
distant,  where  it  lies  half  buried.  Huge  fissures 
running  east  and  west  are  to  be  seen  ever)'- 
where. 

At  the  western  foot  of  the  central  range 
deep  cracks  and  crater-like  pits  appeared  in  the 
ground;  one  of  the  cracks  is  as  much  as  a mile 
long,  2 or  3 feet  wide,  and  16  feet  deep.  The 
pits  average  about  6 feet  in  diameter,  though 
one  is  said  to  be  as  much  as  40  feet  across. 
Through  these  fissures  jets  of  sand  and  water 
were  thrown  up  to  a height  of  6 or  7 feet,  in  a 
few  cases  accompanied  by  pieces  of  coal,  peat, 
resin,  masses  of  semi-petrified  timber,  and  a 
black  earth  hitherto  unknown  in  those  localities. 

These  phenomena  were  a very  marked  fea- 
ture of  the  1869  earthquake,  and  were  carefully 
investigated  by  the  late  Dr.  Oldham,  of  the 
Geological  Survey.  They  are  accounted  for 
as  follows  ; — * 

Water,  sand,  &c.,  are  forced  up  from  beds 
of  ooze  or  water-bearing  strata  through  any 
aperture  communicating  with  the  surface. 
Such  beds  of  ooze  exist  generally  in  alluvial 
formations,  especially  when  such  formations 
are  still  subject  to  annual  flood.  A horizontal 
wave  passing  through  such  a bed  tends  to 
pack  up  the  water  and  soft  material  during 
the  forward  motion.  A vertical  wave  acting 
through  a water-bearing  bed  upon  a super- 
incumbent layer  of  impervious  material  (usually 
clay)  compresses  the  former  upon  the  latter, 
which  by  its  inertia  remains  for  a moment  un- 
moved. In  either  case,  the  water-bearing 
stratum  receives  an  enormous  squeeze,  and  the 
water  or  mud  starts  up  through  any  crevice 
which  may  be  formed  leading  to  the  surface. 
A wave  impinging  on  such  a stratum  at 
an  angle  would  combine  the  two  effects — 
horizontal  and  vertical — with  a similar  result. 

Upheaval  of  River  Beds. 

Another  curious  and  disastrous  effect  of  the 
earthquake,  especially  in  the  lower  or  western 
extremities  of  the  two  valleys,  remains  to  be 

• “Cachar  Earthquake,  1869,”  “Memoirs  of  Geological 
Survey,”  vol.  19. 
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noticed.  Though  the  rainfall  has  not  been 
abnormal,  and  though,  according  to  the  gauges 
maintained  at  Sylhet  and  Gauhati,  the  rivers 
have  not  been  abnormally  high,  the  floods  have 
been  unprecedented.  For  instance,  at  an 
important  station  towards  the  western  end  of 
the  northern  valley,  the  flood  has  been  6 feet 
above  any  previous  record.  It  reached  its 
highest  recorded  level  the  day  after  the  earth- 
quake. The  public  buildings  were  all  up  to 
their  eaves  in  water,  but  in  the  river,  which  flows 
past  the  station,  there  was  only  3 feet,  where 
there  should  have  been  20  feet,  of  water.  It 
has  been  thought  that  the  general  level  of  the 
•country  has  subsidedi  There  have,  of  course, 
been  many  instances  of  sueh  subsidences  in 
connection  wilh  earthquakes.  In  the  Missi- 
sippi,  in  the  earthquake  of  1811-12,  a tract  80 
miles  long  and  30  miles  broad  sank  many  feet, 
and  lakes  20  miles  in  extent  were  formed  in  an 
hour.  In  the  Chittagong  earthquake  of  1762 
<60  square  miles  of  the  coast  are  stated  to  have 
suddenly  and  permanently  subsided.  A corres- 
pondent accustomed  to  navigate  the  Brahma- 
putra river,  writes  : — 

“ There  cannot  be  any  doubt  that  the  whole  country 
below  Gauhati  has  sunk ; my  brother  skippers  and 
the  native  pilots  all  agree  in  this  opinion.  Places 
where  we  used  to  see  the  banks  high  and  well  out  of 
water  in  the  highest  floods  are  now  entirely  covered. 
I should  think  the  country  has  sunk  from  3 to  6 feet.” 

But  a general  subsidence  will  not  account 
for  the  facts.  Measurement  shows  that  the 
rivers  in  many  places  have  less  water  than  they 
they  had  before  the  earthquake.  In  many 
cases  the  piers  of  bridges  have  been  forced 
bodily  upwards.  This  rise  in  the  river  beds 
may  be  due  to  the  accumulation  of  silt  caused 
by  the  collapse  of  the  banks  above  alluded  to. 
In  the  southern  valley  the  rivers  are  stated  to 
have  widened.  The  collapse  of  the  banks  has, 
no  doubt,  continued  as  the  level  of  the  rivers 
has  fallen  and  the  support  of  the  water  has 
been  removed. 

River  banks  are  always  falling  in.  In 
alluvial  formations  the  rivers  follow  a mean- 
dering course,  describing  curves  which  vary 
with  size  of  the  river.  The  rivers  swing  from 
side  to  side,  where  the  current  beats  on  the 
banks  in  the  course  of  this  swing  enormous 
■erosion  takes  piace.  This  erosion  sometimes 
extends  to  the  breaking  through  of  the  isthmus 
separating  two  neighbouring  curves.  Con- 
siderable tracts  are  thus  swept  away,  especially 
when  the  river  is  subsiding  after  the  flood 
season.  Thus  the  rivers  normally  carry  away  an 
enormous  amount  of  silt,  and  it  is  probable  that 


if  it  is  only  silt  they  have  to  move,  they  will  be  1 
able  in  time  to  perform  the  abnormal  task  which  i 
the  earthquake  has  set  them.  But  meantime  i 
the  process  which  I have  described  by  which 
alluvial  tracts  are  built  up  is  accelerated,  and 
the  rivers  may  break  through  their  banks  into 
the  basins  on  either  side,  and  great  and  in- 
jurious changes  in  their  courses  may  result. 

It  may  be  that  this  Ailing  up  of  drainage 
channels  is  due  to  the  same  cause  as  the  filling 
up  of  wells  or  tanks,  noticed  above.  The 
river  beds  being  softer  than  the  material  on 
either  side,  may  have  been  squeezed  up.  If 
this  has  happened,  the  obstruction  is  likely  to 
be  more  permanent  than  if  it  were  due  only  to 
an  accumulation  of  debris  of  fallen  banks.  So 
important  does  this  matter  appear  to  the  Chief 
Commissioner  that  he  has  appointed  a special 
officer  to  make  inquiry  into  the  altered  drainage 
of  the  country,  the  physical  phenomena  of  beds 
of  rivers  rising  and  banks  of  rivers  sinking,  and 
also  into  the  allegation  that  large  tracts  of  the 
country  have  subsided. 

Buildings. 

In  my  remarks  on  the  destruction  wTOught 
by  this  earthquake  in  the  Assam  stations,  I 
have  tried  to  bring  out  the  different  resistance 
of  different  kinds  of  buildings.  Generally  the 
bamboo  and  mat-hut  of  the  native- — not  at  all 
an  insanitary  abode  in  a very  hot  climate,  is 
exceedingly  well  adapted  to  an  earthquake 
country.  That  in  all  Assam  only  some  1,500 
persons  perished  in  this  earthquake  is  a 
proof  of  this.  Very  few  of  the  inhabitants 
could  have  survived  had  such  an  earthquake 
occurred  in  London  or  in  any  Continental  city. 
Houses  made  of  wooden  frames  filled  in  with 
lath  and  plaster  fared  pretty  well.  All  masonry 
buildings  succumbed.  It  will  be  understood, 
of  course,  that  only  ground  floor  buildings  are 
in  question.  The  ordinary  bamboo  and  mat- 
hut  is  not  sufficiently  substantial  for  public 
offices.  Masonry  buildings  at  once  collapse 
in  a big  earthquake,  so  for  larger  build- 
ings we  must  have  recourse  to  the 
frame  houses.  But  among  frame  houses  i 
there  is  a very  broad  distinction.  I would 
refer  you  to  the  instance  I have  given  of  some  I 
frame  houses  at  the  station  of  Tura,  the  posts  ' 
of  which  were  not  imbedded  in  the  ground. 
Earthquake  experience  has  taught  the  i 
Japanese  this  very  lesson.  Their  houses  con- 
sist of  a light  framework  of  4 to  3 -inch  scant- 
ling, built  together  without  struts  or  ties,  all 
the  timbers  crossing  each  other  at  right  angles. 
The  spaces  are  often  filled  in  with  moveable 
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shutters  ; often  with  lath  and  plaster.  The 
point  I wish  to  insist  on  is  that  the  uprights 
of  the  frames  are  not  imbedded  in  the 
ground,  but  rest,  if  it  can  be  called  resting, 
on  balls  of  stone  or  metal.  An  ordinary  foun- 
dation for  a post  is  a ball  resting  on  three  balls  ; 
often,  however,  the  construction  stands  on  the 
top  of  a row  of  boulders  or  of  square  stones. 
The  point  is  to  allow  the  building  to  move 
apart  from  the  ground  on  which  it  stands,  to 
place  it  upon  a loose  foundation,  so  that  little 
momentum  may  enter  it  at  its  base.  Chimneys 
, are  a great  difficulty.  They  must  generally 
be  of  masonry  ; masonry  chimneys  attached  to 
wooden  houses  have  a different  period  of 
I vibration,  and  are  very  liable  to  fall.  They 
i should  be  allowed  to  pass  freely  through  the 
roofs  without  coming  in  contact  with  any  of  the 
main  timbers. 

But  where  we  avoid  danger  from  earth- 
quakes to  a great  extent,  we  incur  perhaps 
a greater  danger  from  fire.  In  India  I have 
seen  thousands  of  native  huts  of  bamboo  and 
mat  and  thatch  consumed  in  a few  minutes. 
In  Japan  tens  of  thousands  of  more  or  less 
I earthquake-proof  buildings  are  often  destroyed 
! in  a single  fire.  Then  earthquakes  make 
, fires,  the  buildings  are  easily  inflammable  by 
■ upsetting  lamps,  stoves,  &c.  Perhaps  an  iron 
I framework  filled  in  with  some  non-inflammable 
substance  and  resting  on  a loose  foundation 
might  answer  the  purpose.  Boards,  and  even 
lath  and  plaster,  can  be  rendered  more  or  less 
non-inflammable  by  special  preparations. 

Extension  of  Earthquake. 

This  earthquake  was  felt  over  a very  large 
area.  By  Je/t,  I mean  that  people  werese  nsible 
of  it  without  reference  to  instruments.  It  ex- 
tended into  Burmah  on  the  east,  in  spite  of  the 
inteiA’ening  mountain  ranges.  On  the  south  it 
was  felt  at  Masulipatam,  in  Madras,  and  in 
Central  India.  Its  western  boundary  is  a line 
I drawn  from  Simla,  through  Panipat,  Ajmir  and 
Mount  Abu,  and  Ahmedabad,  in  the  Bombay 
Presidency,  that  is,  it  was  felt  over  a large 
part  of  Rajpootana.  On  the  north  it  pierced 
the  great  range  of  the  Himalayas,  and  reached 
Llassa,  which  is  some  300  miles  due  north  of 
Gauhati.  At  Guatong,  our  frontier  fort  on  the 
road  from  Darjeeling  to  Llassa,  it  overthrew 
! some  chimneys.  It  was  also  felt  at  Khatmandu, 

I the  capital  of  Nepal.  It  covered  an  area  over 
1,500  miles  long  by  1,000  miles  wide.  The 
, area  of  destruction  was,  of  course,  very 
much  less.  The  waves  grow  weaker  the 
further  they  go.  From  Jorhat,  in  the  Assam 


valley  on  the  east  to  Monghyr  on  the  west,  and 
from  the  latitude  of  Darjeeling  in  the  north,  to 
that  of  Calcutta  in  the  south  the  shock  w'as 
more  or  less  destructive — say  600  miles  by  300. 
This  is  a very  large  area  of  destruction. 
The  area  over  which  the  earthquake  was 
felt  is  not  unprecedently  large.  The  Lisbon 
earthquake  of  1755  was  sensible  over  an  area 
3,500  miles  long  by  2,700  miles  wide.  And 
perhaps  in  the  Lisbon  and  other  earthquakes 
destructive  effects  have  been  observed  over  as 
large  an  area.  But  this  earthquake  is  distin- 
guished for  the  large  area  over  which  it  attained 
a very  high  degree  of  destructive  power.  The 
violence  of  the  shock,  exceptional  though  it 
was,  was  at  no  place  unprecedented  ; but  over 
an  area  more  than  200  miles  long  and  not  less 
than  100  miles  broad,  it  was  everywhere  suffi- 
cient to  wreck  the  most  solidly  constructed 
buildings.  Seldom,  if  ever,  has  the  meio- 
seismic  area — that  is,  the  area  of  greatest 
disturbance — extended  so  far  from  the  centre. 

The  delicate  instruments  now’  in  use  for 
recording  earthquakes  enable  us  to  record 
such  movements  over  very  large  areas.  The 
great  Gifu  earthquake  of  1891,  in  Japan, 
was  recorded  at  Berlin  and  other  places  in 
Europe.  The  present  earthquake  disturbed 
the  instrument  at  Bombay  six  minutes  later 
than  the  shock  was  felt  at  Calcutta,  which 
gives  a velocity  of  three  miles  per  second. 
It  was  recorded  at  Edinburgh,  in  the  Isle  of 
Wight,  at  Grenoble  in  Spain,  at  Rome,  and 
at  Batavia  in  the  Malay  Archipelago,  and 
no  doubt  at  many  other  places  of  which  I 
have  no  information. 

Seismological  Results. 

I am  afraid  the  earthquake  in  Assam,  so  far 
as  observations  have  been  recorded,  throws 
little  light  on  seismological  questions.  We 
know  that  the  earth  is  gradually  contracting, 
that  during  the  process  masses  of  sedi- 
mentary strata  many  thousands  of  feet  in 
thickness  have  been  crumbled  and  crushed, 
that  the  crumbling  has  often  been  accom- 
panied by  such  an  amount  of  heat  and  evolu- 
tion of  chemical  action  as  to  produce  a 
movement  and  re-arrangement  of  the  elements 
of  the  rocks,  this  change  actually  advancing 
to  the  point  of  actual  fissure.  A great 
authority  on  earthquakes*  has  observed  ; — 

“ Contraction  is  constantly  supplying  a store  of 
energy  to  be  expended  in  crushing  parts  of  the  emst. 
But  the  crushing  does  not  take  place  with  uniformity. 
It  necessarily  acts  per  saltiim  after  accumulated 

* Mr.  R.  Mallet. 
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pressure  has  reached  the  necessary  amount  at  a 
given  point  where  some  of  the  pressed  mass,  un- 
equally pressed  as  we  must  assume  it,  gives  way.” 

We  know  that  somewhere  under  the 
central  range  of  Assam — probably  south-west 
from  Shillong  and  north-west  from  Sylhet, 
probably  not  more  than  20  miles  from  the 
surface  — something  happened  which  sent 
waves  of  elastic  compression  and  distortion 
through  the  earth  in  all  directions.  The 
crushing  and  consequent  heat  caused  by 
the  gradual  contraction  of  the  earth  may 
have  caused  water  or  oil  to  flash  into  steam,  or 
steam  may  have  suddenly  condensed,  or  a 
volcanic  surface  may  have  exploded,  or  the  roof 
of  a subterranean  cavity  may  have  fallen  in, 
or  simply  a stratum  of  subterranean  rock  sub- 
jected to  long  and  intense  steam  may  have 
snapped — given  the  pressure  and  the  heat,  we 
may  imagine  their  acting  in  many  ways  ; how 
they  actually  acted  in  this  case  I am  afraid 
we  shall  never  know. 

My  friend,  Mr.  R.  D.  Oldham,  of  the 
Geological  Survey  of  India,  who  is  an  expert 
seismologist,  has  been  employed  during  the 
last  cold  season  in  the  investigation  of  this 
earthquake.  By  the  kind  permission  of  the 
head  of  the  department,  I am  able  to  give  you 
the  first  fruits  of  this  investigation  in  the 
following  note,  which  Mr.  Oldham  has  sent 
me  : — 

“ At  first,  there  was  a natural  tendency  to  associate 
the  earthquake  with  the  great  uniclinal  flexture  which 
skirts  the  southern  edge  of  the  Assam  range.  This 
was  believed  to  be  a region  of  tectonic  movement, 
while  the  plateau  to  the  north  was  regarded  as  a 
stable  region. 

“ The  existence  of  the  depression  of  the  Brahma- 
putra valley  shows  that  this  region  has,  in  geological 
recent  times,  been  subject  to  extensive  changes  of 
level,  but  the  tendency  to  regard  its  southern  edge  as 
the  principal  zone  of  movement,  in  view  of  the  geo- 
logical structure  and  orographical  relief  of  the  region, 
probably  represents  the  truth.  From  this,  it  was  a 
natural  step  to  conclude  that  what  had  been  a zone  of 
greatest  movement  in  recent  times  was  also  the  zone 
along  which  the  focus  of  the  earthquake  must  be 
looked  for. 

“ At  a very  early  stage  in  the  investigation  of  the 
earthquake,  this  conclusion  became  questionable.  It 
was  found  that  if  the  centre  was  placed  anywhere 
along  the  southern  edge  of  the  hills,  there  was  a 
most  unaccountably  rapid  falling  off  in  intensity  of 
the  disturbance  in  a southerly,  as  opposed  to  a 
northerly,  direction.  Further,  as  soon  as  it  was 
possible  to  arrange  for  some  sort  of  a record  of  the 
after  shocks,  it  was  found  that  at  stations  along  the 
northern  edge  of  the  hills  they  were  extremely 


abundant,  so  much  so,  that  in  preparing  a list  of| 
the  shocks  I found  it  necessaiy  to  exclude  the  returns.  I 
from  Goalpara  and  all  places  south  of  the  Brahma- 1 
putra  in  that  district,  as  well  as  those  from  Shillong  ! 
and  Tura.  All  this  region  was  subject  to  a number 
of  small  shocks  which  did  not  spread  beyond  it,  and 
which  seemed  to  be  for  the  most  part  very  local  in 
their  extent,  even  wdthin  the  region  lying  between 
the  three  stations  mentioned. 

“From  these  facts,  the  supposition  that  the  centre 
of  the  earthquake  lay  along  the  southern  edge  of  the 
hills  was  discredited,  and  w^e  had  to  look  for  it 
further  north,  but  as  the  scanty  knowledge  of  the 
geology  of  the  northern  part  of  these  hills  gave  no 
indication  of  any  leading  tectonic  feature,  there  was 
nothing  to  guide  us  to  a conjecture  as  to  the  exact 
position,  and  I was  deputed  to  examine  the  Khas 
and  Garo  hills  during  the  w'orking  season  of  1897-98. 
■with  a view  to  the  filling  in  of  this  blank.  In  spite 
of  the  limited  time,  and  the  forest -clad  nature  of  the 
country,  which  practically  forbids  any  deviation  from 
the  beaten  tracks,  some  important  results  have  been  ; 
obtained. 

“ In  the  eastern  part  of  the  Garo  hills,  and  about  j 
the  centre  of  the  range,  there  are  several  pools  which  ’ 
have  been  formed  by  a reversal  of  the  slope  of  the 
stream  beds.  They  vary  in  size,  the  largest  being  about  i 

miles  long  and  18  feet  deep,  the  others  smaller.  So-  ! 
far  as  I could  discover  none  of  these  owed  their  origin 
to  a fault  appearing  as  such  at  the  surface ; the  stream) 
bed  has  been  elevated  or  depressed  in  a gentle  roll, 
and  as  the  streams  flow  in  rock  beds  this  must  be  due 
to  a deformation  of  the  surface  caused  by  a genera) 
compression  of  the  hills.  Towards  the  northern  edge 
of  the  hills  I found  some  faults  which  appeared  as 
such  at  the  surface;  omitting  the  smaller  ones,  to 
w^hich  some  doubt  attaches,  there  are  tw^o  principal 
ones.  One  at  Samin  can  be  traced  for  about  2 J miles 
•with  a general  direction  of  N.W.  by  W.  and  a maxi- 
mum throw  of  9 feet  at  the  surface.  The  other  in  the 
Chedrany  valley  has  been  traced  for  12  miles  before  it 
becomes  lost  under  the  alluvium  of  the  Brahmaputra 
valley  at  Jliira  Hat.  The  throw  varies  largely,  and 
wiU  fall  from  20  feet  to  nothing  within  a few  hundred 
yards  ; the  maximum  actually  measured  w^as  32  feet. 

“ This  fault  in  itself  would  be  sufficient  to  account  ; 
for  an  earthquake  of  the  first  magnitude,  but  it 
is  only  a small  part  of  the  cause  of  that  of  I2tb 
June,  1897.  There  are  the  other  disturbances  of  the 
surface  to  be  considered,  and  in  assigning  a cause  to-  ; 
the  earthquake  we  must  either  regard  each  displace- 
ment as  the  sign  of  a separate  form,  and  the  earth-  I 
quake  itself  as  a compound  one,  consisting  of  a 
number  of  earthquakes  which  all  occurred  at  once ; 
or  we  may  regard  these  surface  displacements  as  1 
themselves  only  secondaiy  and  indicative  of  a more 
general  and  simple  disturbance. 

“ There  is  one  point  in  which  all  these  displacements 
resemble  each  other,  and  that  is  in  indicating  a hori- 
zontal compression  in  a north  and  south  direction. 
The  varying  throw  of  the  faults,  as  well  as  the  rolls  by 
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' >vhich  the  more  southern  jmols  have  been  formed, 
dike  show  that  any  two  points  lyin^  respectively 
rorth  and  south  of  the  disturbed  areas  are  now  closer 
ogether  than  they  were  before  the  earthquake. 

“There  is  one,  and  so  far  as  I can  sec,  only  one 
supposition  which  would  explain  all  the  facts,  and 
.hat  is  the  existence,  or  the  creation,  of  a nearly 
I rorizontal  fracture  or  thrustplane,  along  which  the 
! upper  part  of  the  earth’s  crust  was  pushed  over  the 
tower.  This  plane  would  nowhere  come  to  the 
surface,  and  the  movement  of  the  upper  layer  against 
the  undisturbed  crust  beyond  the  limits  of  the 
fracture  would  give  rise  to  just  that  compression 
, which  would  account  for  the  conspicuous  displace- 
I.  ments  of  surface  tracts  seen  in  the  eastern  part  of  the 
, Garo  hills  district,  and  less  conspicuously  to  the  east 
, and  the  west  of  that  district. 

“ In  this  conclusion  we  find  an  easy  explanation  of 
, the  area  over  which  the  shock  had  a maximum  of 
! destructive  energy,  without  postulating  an  improbable 
depth  for  the  focus.  There  is  no  necessity  or  reason 
I to  suppose  that  the  thrustplane  lies  at  any  great 
depth  from  the  surface,  and  it  is  possible  that  five 
miles  may  represent  a maximum  rather  than  a 
minimum  value,  but  Avhat  the  focus  loses  in  depth 
it  gains  in  area. 

“It  is  certainly  not  at  pre.sent,  if  it  ever  will  be, 
possible  to  define  the  limits  of  the  fracture.  In  an 
easterly  direction  there  is  good  reason  to  suppose 
that  it  extended  to,  but  probably  not  beyond,  the 
meridian  of  Shillong.  To  the  west  it  probably 
extends  under  the  alluvium  of  Northern  Bengal, 
perhaps  as  far  as  E.  Long.  89°,  or  a distance  of  about 
180  miles.  The  breadth  from  north  to  south  is  35 
miles  within  the  Garo  hills,  in  the  eastern  part  of  the 
district,  and  to  the  north  it  extends  under  the  allu- 
vium of  the  Assam  Valley,  possibly  for  as  far  again. 
These  dimensions — 180  miles  by  70  miles — must  be 
taken  as  extreme  limits.  There  is  at  present  no 
reason  to  suppose  that  they  were  exceeded,  but  there 
is  no  certainty  that  they  were  reached.  It  seems 
certain  that  the  thrustplane  had  its  greatest  width, 
and  consequent  greatest  movement,  in  about  E. 
Long.  91°,  or  a little  to  the  west,  and  it  is  impossible 
I to  realise  the  area  below  1,000  square  miles,  while  it 
may  have  been  five  times  that.  If  we  take  the 
average  depth  at  five  miles,  we  find  that  the  cause  of 
the  earthquake  was  the  sudden  and  permanent  dis- 
placement of  not  less  than  5,000  cubic  miles  of  the 
solid  emst  of  the  earth,  and  possibly  of  five  times 
that  volume.” 

Conclusion. 

I have  endeavoured  to  give  you  rather  a 
glimpse  of  life  in  India — an  account  of  an 
episode  in  an  Indian  official  career — than  a 
seismological  discourse.  Until  observations 
have  been  tested  by  the  Geological  Depart- 
ment, it  would  be  unsafe  to  draw  conclusions 
from  them.  In  calling  this  earthquake  an 


episode,  I do  not  mean  that  earthquakes  such 
as  this  are  common  in  India.  But  where  you 
have  not  earthquakes,  you  have  other  calami- 
ties. Twenty  years  ago,  the  coast  of  Bengal 
was  devastated  by  a sea  wave,  which  destroyed 
100,000  people  ; ten  years  ago,  a tornado  gutted 
the  most  fashionable  part  of  my  own  town  of 
Dacca  ; and,  three  years  ago,  a similar  tornado 
cut  a line  ten  miles  long,  and  a quarter  of  a 
mile  broad,  through  villages  a few  miles  from 
my  house,  producing  a butcher’s  bill  of  135  killed 
and  wounded.  The  northern  valley  of  Assam 
has  its  local  plague,  which  has  almost  depopu- 
lated large  areas.  Where  you  have  not  battle,, 
murder,  and  sudden  death,  you  have  plague, 
pestilence,  and  famine.  I hope  I have  been 
able  to  show  that  as  in  the  fighting  on  the  north- 
west frontier,  as  in  the  famine  in  Upper  India, 
as  in  the  plague  in  the  Bombay  Presidency,  so 
in  the  earthquake  in  Assam,  we  may  be  proud 
of  the  manner  in  which  our  fellow  countrymen 
did  their  duty,  and  not  only  our  fellow  country- 
men, but  also  our  fellow  subjects,  natives  of 
India  in  the  service  of  the  Government,  ori 
whom  perhaps  the  burden  and  heat  of  the  day, 
in  times  of  stress  and  calamity,  more  directly 
falls.  In  his  report  to  the  Government  of  India 
the  Chief  Commissioner  selects  for  special 
praise  the  native  gentleman  in  charge  of  one 
of  the  sub-districts  in  the  Assam  Valley. 


DISCUSSION. 

The  Chairman  said  he  was  confident  that  he 
expressed  the  feelings  of  all  present  in  saying  that 
they  were  much  indebted  to  Mr.  Luttnian- Johnson  for 
his  paper.  He  ought  not  to  detain  the  audience,  as 
there  were  other  speakers  to  follow',  but  there  were 
just  two  points  referred  to  in  the  paper  on  which  he 
wished  to  say  a w’ord.  The  first  w'as  with  regard  to- 
Mr.  Robert  McCabe.  He  was  in  his  particular  line 
perhaps  the  most  remarkable  man  he  ever  knew  in 
India,  and  had  been  his  companion  and  guide  on 
many  a long  day’s  march  through  the  wildest  parts  cf 
Assam.  He  (Sir  Dennis  Eitzpatrick)  had  had  the 
good  fortune  to  have  working  under  him,  both  on  the 
north-east  and  north-west  frontier  of  India,  some  of 
the  ablest  frontier  officers,  and  he  must  say  that  there 
was  not  one  of  them  who,  in  the  power  of  im- 
pressing these  wild  tribes  with  mixed  feelings  of  awe 
and  aftection,  the  faculty  of  rapidly  evolving  law  and 
order  out  of  chaos,  could  be  placed  above  Robert 
McCabe.  The  other  point  was  with  regard  to 
the  manner  in  which  those  who  had  to  meet  this 
terrible  calamity  faced  the  difficulties  of  the  situation. 
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Mr.  Luttman- Johnson  had  spoken  of  the  conduct  both 
of  the  Europeans  and  natives  in  this  respect,  and  he 
must  say  that  it  was  above  all  praise.  This  manner  of 
facing  trouble  was  of  a piece  with  all  that  they  had 
been  hearing  from  India  during  the  last  eighteen 
months.  The  year  in  which  this  terrible  earthquake 
occurred  was  in  some  sense  an  annus  mirahilis  for 
India.  It  was  a tenable  year,  and  he  doubted 
whether  such  a congeries  of  calamities  ever  fell  within 
so  short  a period  upon  any  country  or  people.  The 
-way  in  which  these  calamities  had  been  met  by  all, 
from  Lord  Elgin  down  to  the  very  humblest  person 
concerned,  had  won  the  admiration  of  all  in  England  ; 
and  the  patience  and  endurance  exhibited  by  some, 
the  courage  and  energy,  the  foresight  and  resource 
displayed  by  others,  seemed  to  him  to  call  for  their 
warmest  admiration,  whilst  at  the  same  time  it  spoke 
well  for  humanity  at  large. 

Sir  Steuart  Colvin  Bayley,  K.C.S.I.,  C.I.E., 
•said  he  had  been  asked  as  an  old  Assam  official  to  say 
a few  words  on  the  subject  of  the  paper,  but 
practically  most  of  what  he  had  to  say  had  already 
been  said  by  the  Chairman.  He  had  wished  to  say 
a few  words  himself  about  Mr.  McCabe,  who 
was  his  friend  also,  and  likewise  something  about 
the  way  the  officials  and  non  - officials,  and 
•especially  the  native  servants,  did  their  duty,  but 
these  points  had  already  been  touched  upon.  He  con- 
gratulated Mr.  Luttman- Johnson  very  much  on  the 
admirable  way  in  which  he  had  worked  out  this  sub- 
ject, and  he  took  some  credit  to  himself  in  the  matter, 
as  he  first  suggested  that  Mr.  Luttman-Johnson 
should  be  asked  to  take  this  trouble  on  himself. 
He  could  assure  them  that  since  the  year  1874,  when 
Mr.  Luttman-Johnson  first  went  up  to  assist  in  the 
development  of  the  new  province  of  Assam  — for 
Assam,  as  a separate  province,  was  still  under  a 
quarter  of  a century  old — there  was  no  official  who 
knew  the  whole  of  it  so  well,  and  he  knew  that  they 
were  securing  in  him  one  who  would  take  all  possible 
interest  in  the  subject,  and  who  could  deal  with  it 
more  graphically  and  ably  than  was  given  to  most. 
He  did  not  know  whether  Mr.  Luttman-Johnson  could 
claim  to  be  an  expert  in  seismology,  but  even  if  most 
of  the  audience  were  as  ignorant  as  he  himself  was  on 
the  subject  of  earthquakes,  he  was  sure  that  after  hear- 
ing this  paper  they  would  have  much  clearer  ideas  on 
the  subject  than  before.  That  was  certainly  his  own 
■experience.  He  wished  time  had  allowed  of  the 
Avhole  of  the  paper  bearing  on  that  topic  being 
read,  for  there  was  a good  deal  which  had  been 
omitted,  both  on  the  subject  of  earthquakes  and 
from  the  very  human  side  of  it  as  narrated 
by  the  officials  at  various  places,  which  was  both 
interesting  and  instructive.  In  the  first  part  of 
the  paper,  the  author  had  certainly  made  much  clearer 
than  he  had  before  seen,  the  method  by  which  the 
motion  from  what  w’as  called  the  central  blow  or 
explosion  was  communicated  to  the  surface.  He  was, 
at  first,  a little  inclined  to  criticise,  and  say — so  far. 


so  good,  but  that  does  not  help  us  to  understand 
what  the  blow  or  explosion  was,  but  for  that  they 
had  to  read  the  note  of  Mr.  Oldham,  which, 
was  referred  to  at  the  end,  and  those  who  did 
read  it  would,  he  thought,  be  appalled.  He 

spoke  in  simple  terms  of  the  displacement  of  5,000 
cubic  miles  of  the  earth’s  surface.  It  had  been  very 
briefly  explained  how  the  force  acted,  but  to  have  the 
subject  worked  out  thoroughly  was  naturally  a more 
intricate  matter  which  could  hardly  be  dealt  with  at 
the  end  of  a lecture  ; but  he  should  be  glad  if  any 
one  who  had  studied  seismology  would  help  to  throw 
a little  more  light  upon  it.  He  could  not  but  express 
his  own  deep  regret  at  the  pretty  little  hill-station  of 
Shillong,  with  which  he  had  so  many  pleasant  asso- 
ciations, having  been  hopelessly  wrecked.  Any  one 
present  who  knew  it  would,  he  was  sure,  share  these 
regrets,  and  would  sympathise  with  those  who  had 
lost  their  all ; and  some  of  the  cases  they  had  heard 
of  had  been  very  sad.  He  could  only  hope  that  the 
remarks  offered  on  the  subject  of  rebuilding  the 
station  in  the  future  would  be  taken  to  heart.  He 
hoped  there  would  be  no  more  large  masonry  secre- 
tariats or  other  buildings  of  two  storeys.  The  terrors 
of  former  earthquakes,  which  were  still  lingering  when 
he  was  there,  were  gradually  dying  out,  and  evidently 
buildings  had  been  undertaken  at  Shillong,  which  the 
reputation  of  the  old  days  might  have  made  people 
hesitate  about.  The  hints  now  given  with  regard  to 
the  buildings  of  the  future  were  sound,  and  he  hoped 
they  would  have  their  effect. 

Col.  Sir  William  Bisset,  R.E.,  K.C.I.E.,  said 
he  had  been  asked  to  speak  on  some  of  the  matters 
which  came  under  his  personal  knowledge  when  in 
India.  It  would  be  interesting  perhaps  to  know  that 
living  as  he  did  on  the  summit  of  one  of  the  small 
hills  in  Simla,  he  was  disturbed  from  his  seat  on  the 
afternoon  of  the  12th  June  by  the  disturbance  which 
had  been  so  graphically  described.  In  Simla  it  was  not 
alarming,  not  more  so  than  those  which  on  two  or  three 
previous  occasions  he  had  felt  in  previous  years  in  the 
same  house.  But  it  w^as  so  marked,  and  the  first 
shock  was  followed  so  rapidly  by  a second,  that 
he  at  once  sent  to  the  telegraph  office  to  ascer- 
tain where  it  had  originated.  But  the  telegraphic 
communication  with  the  seat  of  this  catastrophe 
shared  in  the  general  destruction,  and  the  first 
information  they  had  of  the  disaster  was  through 
a pencil  message  written  by  one  of  the  officers  who, 
hurrying  back  to  Shillong  on  hearing  of  the  calamity, 
sent  back  a policeman  with  a message  dov-n  to  the 
river,  from  which  it  reached  the  nearest  telegraph 
office.  It  was  days  before  those  who  were  suffering 
in  Shillong  could  communicate  with  the  outer  world 
at  all.  The  destruction  of  telegraphs  was  not 
confined  to  the  land  lines,  where  the  posts  were 
both  upheaved  and  sank  into  the  ground  and  gave 
way  in  all  imaginable  ways,  but  the  cables  lying  ; 
on  the  bed  of  the  river  Ganges  were  disturbed  j 
and  torn,  and  also  those  in  the  Brahmaputra.  That  was  I 
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I a remarkable  evidence  of  the  destructive  power  of 
this  earthquake.  With  regard  to  the  railways,  the 
1 photographs  had  shown  much  better  than  any  words 
could  describe  how  they  were  damaged — in  some 
cases  the  bridges  subsided,  the  piers  were  twisted, 
sometimes  leaning  to  one  side,  and  sometimes  the 
two  sides  of  the  river  were  compressed  together  and 
in  other  cases  they  opened  out,  so  that  in  every 
conceivable  way  the  railway  structures  were  rendered 
I useless.  A large  portion  of  the  new  railway  which 
j had  just  been  opened,  from  the  neighbourhood  of 
. Calcutta  to  Sylhet,  was  more  or  less  damaged  ; in 
I some  parts  the  embankments  settled  down  and  spread 
! out,  while  in  other  parts,  for  miles  together,  they 
I disappeared.  In  other  parts  of  Bengal  the  damage 
I was  less  serious,  but  the  picture  of  Nilfamari 
■ Station  showed  how  in  that  part  of  the  world 
the  forces  of  nature  were  at  work.  Days  elapsed 
before  communication  with  Darjeeling  could  be 
established,  and  it  was  only  by  very  great  efforts  that 
gradually,  piece  by  piece,  the  line  was  restored.  There 
! was  one  very  remarkable  thing  about  this  disturbance, 

! and  that  was  its  influence,  or  rather  absence  of  influ- 
' ence,  on  vegetation.  To  the  best  of  his  knowledge, 
and  from  inquiries  he  made,  he  learned  that  in 
all  this  large  area  of  ground,  beneath  which  this  great 
: convulsion  had  been  going  on,  the  growth  of  the 
i trees,  grass,  and  vegetation  generally  had  not  been 
I disturbed.  Attention  had  been  called  to  the  build- 
! ings  in  Shillong,  and  it  had  been  very  properly  said 
that  in  the  future  buildings  of  the  same  class  should 
not  be  constructed.  He  entirely  agreed  with  that 
suggestion,  and  had  already,  before  leaving  India, 
put  on  record  the  desirability  of  avoiding  solid 
structures  in  that  neighbourhood.  At  the  same 
time,  he  hoped  that  what  Mr.  Luttman- Johnson 
told  them  as  to  the  noa-recurrence  of  these  violent 
disturbances,  would  prove  correct,  and  that  after 
dsiting  Shillong  with  this  great  calamity  in  1897,  the 
forces  of  nature  would  find  some  other  place  to  vent 
their  fury  upon,  and  leave  Shillong  to  grow  up  again 
to  be  the  ornament  of  the  rising  province  of  Assam. 


Correspondence. 

♦ * 

STAINED  GLASS  AND  J/OSA/C  WORK. 

My  learned  friend  Sir  George  Birdwood  has  not 
been  concerned  with  the  making  of  windows,  or  he 
would  be  aware  that  “mosaic”  has  long  been  an 
accepted  technical  term  among  glass-workers.  I 
pushed  it  very  little  beyond  its  common  use. 

But,  were  it  otherwise,  I fail  to  see  his  contention, 
that  mosaic  should  properly  be  opaque.  It  is  not 
to  the  character  of  the  material,  but  to  the  way  it 
is  used  that  the  tenn  applies.  Sir  George  appears 
to  think  I called  pattern  glass  mosaic,  distinguishing 
it  that  way  from  picture  glass.  Perhaps  I expressed 


myself  ill.  What  I meant  to  describe  as  mosaic  was, 
a window  made  up  of  small  pieces  of  self-coloured 
glass  connected  by  lead  or  whatever  it  might  be.  It 
so  happens  that  such  windows  naturally  take  the 
form  of  pattern  work  not  of  picture  : but  a picture 
so  produced  would  be  of  course  a mosaic. 

I cannot  profess  the  least  penitence  for  my  quite 
technical  use  of  a technical  term  ; nor  even  for  any 
want  of  precision  in  my  statement — seeing  that  we 
owe  to  it  Sir  George’s  very  interesting  letter. 

In  the  matter  of  the  diamond,  I must  profess 
myself  of  the  19th  century'.  It  seems  to  me,  it  would 
be  absurd  to  go  back  to  the  “red  hot  pincers”  and 
the  grosing  iron  of  the  Middle  Ages. 

Lewis  F.  Day. 

April  12th,  i8g8. 


MEETINGS  OF  THE  SOCIETY, 

Ordinary  Meetings. 

Wednesday  Evenings,  at  8 o’clock  : — 

April  20. — “ Stage  Mechanism.”  By  Edwin  O. 
Sachs.  Sir  Douglas  Straight  will  preside. 

April  27. — “Photography  and  Colour  Printing.” 
By  Capt.  W.  de  W.  Abney,  C.B. 

May  4. — “ The  Revival  of  Hand-loom  WeaGng.” 
By  Miss  Clive-Bayley. 

May  II. — “Water  Gas  and  its  Applications.” 
By  Professor  Vivian  B.  Lewes. 

May  18. — “ The  Evolution  of  the  Cycle.”  By 
J.  K.  Starley.  C.  V.  Boys,  F.R.S.,  will  preside. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — 

April  21. — “Recent  Railway  Policy  in  India.” 
By  Horace  Bell,  M.Inst.C.E.  J.  M.  Maclean, 
M.P.,  will  preside. 

April  28. — “India  and  Cunency.”  By  Sir 
Edward  Sassoon,  Bart.  Sir  David  1M.  Barbour, 
K.C.S.I.  (late  Financial  Member  of  the  Viceroy’s 
Council). 

May  19. — “Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 
Henry  M.  Stanley,  M.P.,  will  preside. 

Foreign  and  Colonial  Section. 

Tuesday  afternoon,  at  4.30  o’clock 

May  24. — “The  Goldfields  of  British  Columbia.” 
By  W.  Hamilton  Merritt.  Sir  Charles  Mal- 
colm Kennedy,  K.C.M.G.,  C.B.,  will  preside. 


Applied  Art  Section. 

Tuesdays : — 

April  26,  at  8 p.m.. — “ The  Importance  of  Craft- 
manship.”  By  Sir  WILLIAM  Blake  Richmond, 
R.A.,  K.C.B. 

May  10,  AT  4.30  p.m. — “The  Art  of  William 
Morris.”  By  F.  S.  Ellis. 


I 

I 
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Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 

Dr.  D.  Morris,  C.M.G.,  “ Sources  of 

Commercial  India  Rubber.”  Two  Lectures. 

Lecture  I. — April  18. 

Distinction  between  Caoutchouc  and  Gutta-percha — 
Occurrence  of  latex  in  plants — Constituents  of  latex — 
Natural  orders  yielding  caoutchouc — Methods  of 
extraction— Coagulation  of  latex — History  of  India- 
nibber — Progress  of  industry — Imports  into  United 
Kingdom — Relative  production  in  foreign  countries 
and  British  possessions — Uses — Value  of  total  trade 
— Forms  of  commercial  india-rubber— Present  yield — 
Future  supply — Para  rubber-trees — Geographical  dis- 
tribution— Conditions  of  growth— Yield — Quality  of 
rubber — Methods  for  collecting  and  preparing  rubber 
— Commerce  in  Para  rubber. 

Lecture  II. — April  25. 

Penivian  and  Bolivian  rubbers  — elastica — 

Conditions  of  growth  and  exploitation  in  Mexico, 
British  Honduras,  Guatemala,  Nicaragua  and  United 
States  of  Colombia — Venezuela  and  Guiana — Mange- 
beira — Mani9oba  or  Ceara — Matto  - grosso — African 
rubber  plants — Distribution  of  Landolphias — West 
African — East  African — Mozambique — Madagascar 
rubbers — Lagos  silk  rubber  {Kickxia) — Methods  of 
preparation — Present  condition  of  industry — Com- 
merce— New  sources  of  supply — Assam — Penang — 
Sumatra — Java — Borneo — New  Guinea — Fiji — Culti- 
vation of  india-rubber  plants — Prospects  in  Mexico, 
Brazil,  West  Africa,  Ceylon,  Malaya. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  April  18...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
D.  Morris,  “ Sources  of  Commercial  India 
Rubber.”  (Lecture  I.) 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Mr.  A.  N.  Paterson,  “ Domestic  Architecture  in 
the  Eastern  States  of  America  in  the  Year  1896.” 
Victoria  Institute,  8,  Adelphi -terrace,  W.C.,  4I  p.m. 

Mr.  Gerard  Smith,  “ Design  of  the  Human  Foot.” 
North-East  Coast  Institute  of  Engineers  and  Ship- 
builders, Sunderland,  8 p.m. 

Tuesday,  April  19... Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Mr.  T.  C.  Gotch,  “ Phases  of  Art : 
Past  and  Present.”  (Lecture  I.) 

Civil  Engineers,  25,  Great  George-street,  S.W.,  8 
p.m.  Discussion  on  paper  by  Mr.  A.  H.  Preece, 
“ The  Electricity  Supply  of  London.” 

Statistical,  in  the  Theatre  of  the  LTnited  Service 
Institution,  Whitehall,  S.W.,  5 p.m.  Mr.  C.  S. 
Loch,  “Poor  Relief  in  Scotland,  1791  to  1891.” 
Pathological,  20,  Hanover-square,  W.,  8|  p.m. 
Photographic,  12,  Hanover-square,  W.,  8 p.m. 
Zoological,  3,  Hanover-square,  W.,  8J  p.m.  i. 
Mr.  Ernest  W.  L.  Holt,  “ The  Breeding  of  the 
Dragonet”  (Callioity^nus  lyra).  2.  Rev.  H.  S. 
Gorham,  “The  Serricorn  Coleoptera  of  St. 
Vincent,  Grenada,  and  the  Grenadines.”  3.  Dr. 
Bashford  Dean,  “ Note  on  the  Affinities  of  Palceo- 
spondylus gunni,  Traq.” 

Colonial  Inst.,  Whitehall-rooms,  Whitehall-place, 
S.W.,  8 p.m.  Colonel  E.  T.  H.  Hutton,  “ A Co- 
operative System  for  the  Defence  of  the  Empire.” 


Wednesday,  April  20. ..SOCIETY  OF  ART.S,  John-stree 
Adelphi,  W.C.,  8 p.m.  Mr.  Edwin  O.  Sach; . 

“ Stage  Mechanism.” 

Meteorological,  25,  Great  George-street,  .S.W 
7I  p.m.  I.  Major  H.  E.  Rawson,  “ Anticycloni 
Systems  and  their  Movements.”  2.  Hon.  F. 
Rollo  Russell,  “ Results  of  Obscrv'ations  on  Hazj 
and  Transparency  in  1897.” 

Geological,  Burlington-house,  W.,  8 p.m. 

Surveyors,  Town-hall,  Manchester.  i.  !Mr.  Joh: 
Holden,  “Manchester  from  1847  to  1897.”  2.  ^Ii' 

T.  Blashill,  “Lessons  from  Fire  and  Panic.”  3) 
Mr.  C.  P.  Hall,  “Present-day  Difficulties  nu-| 
with  in  a Land  Agent’s  Practice.”  4.  l\Ir.  Howai' 
Chatfeild  Clarke,  “Notes  on  the  Construction  o 
Town  Buildings.” 

Microscopical,  20,  Hanover-square,  W.,  8 p.m 
Mr.  H.  D.  Madan,  “ Some  Organic  .Substance  o 
High  Refractivity  available  for  ^Mounting  .Spec! 
mens.”  2.  l\Ir.  E.  B.  .Stringer,  “ Instantaneou 
Photomicrography.”  3.  Mr.  H.  !Morlard,  Exhi 
bition  of  Diatoms.” 

Archaeological  Association,  32,  Sackvillc-street,  W. 

8 p.m. 

MiningandMetallurgy,  Geological  Museum,  Jermyn  t 
street,  S.W.,  8 p.m.  i.  Mr.  F.  Hcllmann,  “The)' 
Determination  of  the  Present  Value  of  a Mine  or) 
the  Rand.”  2.  Mr.  .S.  Cowper-Coles,  “ .Sonuj' 
Notes  on  the  Recovery  of  Gold  from  Cyanid( 
Solutions.”  3.  ]\Ir.  AVm.  Terrill,  “Notes  on  the 
Electrolysis  of  Argentiferous  Copper.”  4.  Mr^ 
Walter  McDermott,  “Notes  on  a Combination 
Mill  in  the  United  States.” 

Thursday,  April  21  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  4J  p.m.  (Indian  Section.)  IMr^ 
Horace  Bell,  “Recent  Railway  Policy  in  India.” 

Linnean,  Burlington-house,  AV.,  8 p.m.  i.  ProL 
Douglas  Campbell,  “The  .Structure  of  DendroH 
ceros.”  2.  Mr.  W.  P.  Pycraft,  “ The  Pter3  losis  of] 
the  Owls.” 

Chemical,  Burlington-house,  W.,  8 p.m.  i.  Messrs.i 
C.  F.  Cross,  E.  J.  Bevan,  and  Claude  Smith,  “ The) 
Carbohydrates  of  Barley  .Straw.”  2.  Dr.  M.  O. 
Forster,  “ Isomeric  Bornylamines.”  3.  Dr.  F.  E. 
Matthews,  “Some  Derivatives  of  Benzophenone.”’ 
4.  Dr.  .S.  B.  Schryv'er,  “Researches  on  Camphoric! 
Acid.” 

Society  for  the  Encouragement  of  Fine  Arts.  Con- 
versazione at  the  Royal  Society  of  British  Artists,] 
Suffolk- street.  Pall-mall,  S.W.,  8 p.m. 

Royal  Institution,  Albemarle-street,  AY.,  3 p.m.’ 
Rev.  Canon  Ainger,  “Some  Leaders  in  the  Poetic 
Revival  of  1760-1820.”  (Lecture  I.) 

Electrical  Engineers,  25,  Great  George-street,  S.AV.,' 
8 p.m.  Discussion  on  Air.  R.  Hamond’s  paper, 
“ Cost  of  Generation  and  Distribution  of  Electrical  i 
Energy.” 

Historical,  28,  Jermjm- street,  S.W.,  8J  p.m. 

Numismatic,  22,  Albemarle-street,  AY.,  7 p.m. 

Friday,  April  22... Ro}^!  Institution,  Albemarle-street,  W., 

8 p.m.  Weekly  Aleeting.  9 p.m.  The  Astronomer 
Royal,  “The  Recent  Eclipse.” 

Civil  Engineers,  25,  Great  George-street,  S.W., 

8 p.m.  (Students’  Aleeting.)  Air.  AI.  AA".  Henty,  | 
“New  Cut  Swing  Bridge,  Swansea.” 

Clinical,  20,  Hanover-square,  AY.,  8J  p.m.  | 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  W.,  5 p.m.  Rev.  T.  Porter,  “A  Alethod  of 
Viewing  Newton’s  Rings.” 

Saturday,  April  23. ..Botanic,  Inner  Circle,  Regent’s-park, 
N.W.,  3I  p.m. 

Royal  Institution,  Albemarle-street,  AY.,  3 p.m- 
Sir  AYalter  Parratt,  “ Programme  Music.” 
(Lecture  I.) 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adeiphi,  London,  W.C. 


Notices. 


CANTOR  LECTURES. 

Dr.  D.  Morris,  C.M.G.,  delivered  the  first 
lecture  of  his  course,  on  “ The  Sources  of  Com- 
mercial India-rubber,”  on  Monday  evening, 
i8th  inst. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


INDIAN  SECTION 

Tuesday,  April  21  ; J.  M.  Maclean,  M.P., 
in  the  chair.  The  paper  read  was  ” Recent 
Railway  Policy  in  India,”  by  Horace  Bell, 
M.Inst.C.E. 

The  paper,  with  a report  of  the  discussion, 
will  be  published  in  the  next  number  of  the 
Journal. 


Proceedings  of  the  Society. 

4 

FOREIGN  AND  COLONIAL  SECTION. 

Tuesday,  April  5,  1898  ; The  Marquis  of 
Lorne,  K.T.,  G.C.M.G.,  in  the  chair. 

The  paper  read  was — 

THE  BRITISH  EMPIRE: 

ITS  RESOURCES  AND  ITS  FUTURE. 

By  John  Lowles,  M.P. 

My  subject  is  a very  vast  one,  and  perhaps 
I ought  almost  to  apologise  for  attempting  to 
?o  over  so  large  an  area  in  the  short  time 
It  my  disposal ; but  I am  thankful  to  say 
:hat  in  every  department  of  life  at  home  an 
ncreasing  interest  is  being  taken  in  the 
?reat  subjec:  on  which  I have  the  honour 
0 address  you  to-night.  If  we  look  at  our 
elementary  sc’iools,  where  the  seeds  of  good 


citizenship  are  being  sown,  the  little  action^ 
which  appears  but  a sentimental  one,  taken 
by  Lord  Meath  and  his  colleagues,  is  an 
indication  of  the  spirit  of  the  times  with 
regard  to  our  great  Imperial  interests. 
In  every  Board  school  in  my  constituency, 
and,  I think,  throughout  the  whole  of  London, 
there  has  been  placed  within  the  last  year  or  so 
a Union  Jack  in  the  principal  room,  a silent 
witness  as  it  were  to  the  imperial  interests 
which,  I am  thankful  to  say,  by  means  of 
brightly  written  text-books,  are  being  studied 
more  closely  than  ever  before  in  our  elementary 
schools.  I have  the  honour  to  represent 
a large  industrial  constituency,  and  I have 
made  it  a practice  whenever  I have  returned 
from  a colonial  journey  to  give  illustrated 
lantern  lectures.  We  happen  to  have  a large 
town-hall,  holding3, 000  people,  and  I have  had 
as  many  as  10,000  people  in  three  evenings  of 
all  classes  and  of  all  political  parties — because 
we  know  no  party  where  our  empire  is  con- 
cerned— come  to  listen  to  what  I have  had 
to  say  about  our  great  empire  beyond  the  seas. 
In  the  House  of  Commons,  as  Lord  Lorne 
will  bear  witness,  an  increasing  interest  is 
being  paid  to  Indian  and  colonial  questions. 
Whereas,  in  the  old  time  it  was  the  custom 
to  bring  on  matters  relating  to  the  colonies 
and  India  at  the  end  of  the  session,  or 
the  end  of  a sitting,  we  now  find  that,  when 
matters  appertaining  to  the  East  Indies  or 
the  colonies  are  discussed,  a close,  personal, 
and  intimate  knowledge  is  possessed  by  the 
members,  which  is  evidenced  by  the  interest- 
ing speeches  they  sometimes  make  on  those 
occasions.  Then,  with  regard  to  the  utterances 
of  our  statesmen,  it  rarely  happens,  I think, 
that  a week  passes  when  speeches  are  being 
made  by  our  leading  statesmen  on  both  sides 
of  politics  but  we  hear  something  of  the 
great  empire  of  which  we  are  privileged  to 
be  citizens.  Happily,  the  day  has  gone  by 
when  a man  would  stand  and  face  a British 
audience,  admitting  that  he  was  a Little 
Englander.  They  are  getting  fewer,  I am 
happy  to  say,  and  in  the  House  of  Commons 
they  are  represented  probably  by  only  one 
individual  who  is  not  yet  converted. 

This  intimate  desire  for  a closer  knowledge 
of,  and  acquaintance  with,  our  Imperial  con- 
cerns is  not  confined  to  this  side  of  the  empire. 
When  I was  in  Australia  a few  months  ago, 
almost  the  whole  of  the  leading  papers  there 
were  publishing  a series  of  articles  written 
by  eminent  men,  entitled  “ Deeds  that  Won 
the  Empire.”  So  that  on  the  other  side  of  the 
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globe,  in  our  great  southern  colony,  the  young 
and  the  old  alike  were  being  taught  through 
the  Press  something  of  the  greatness  and  the 
glory  of  their  common  ancestry,  and  of  those 
deeds — as  the  title  went — that  won  the  empire. 
Then  to  come  a little  nearer  home,  I may 
refer,  as  an  illustration,  to  my  friend.  Sir  M. 
Bhownaggree.  In  him  we  have  an  object- 
lesson  of  the  sentiment  of  a great  industrial 
constituency  in  the  heart  of  London.  I know 
it  was  the  personal  charm  of  Sir  M.  Bhown- 
aggree that  attracted  them  in  the  first  instance, 
but  I am  quite  sure  from  my  close  knowledge 
of  the  constituency,  because  I am  often  in  it, 
that  they  also  had  a feeling  that  they  were  not 
merely  electing  a representative  who  w^ould 
look  closely  after  their  interests,  but  one  who 
an  a very  special  sense  represented  the  great 
and  important  portion  of  the  British  empire, 
the  great  empire  of  India,  from  which  Sir  M. 
Bhownaggree  comes. 

It  has  been  well  said  that  our  empire  is  one 
upon  which  the  sun  never  sets,  and  Max  O’Rell 
tells  a story  of  a Frenchman  who,  on  being  told 
this,  shrugged  his  shoulders  and  said  the 
reason  for  it  was  that  the  English  are  such 
rascals  that  the  sun  is  obliged  to  keep  a sharp 
look-out  upon  them.  However  true  the  criti- 
cism may  be  the  fact  itself  is  true,  for  if  we 
trace  the  times  prevailing  in  the  different 
portions  of  the  British  empire  we  shall  find 
literally  that  while  one  portion  of  the  good 
citizens  of  the  empire  are  going  to  sleep 
some  people  in  the  other  portions  are  just 
getting  up  and  beginning  their  daily  duties, 
so  that  it  is  perfectly  true  that  the  sun  never 
sets  upon  the  empire  of  the  Queen. 

We  must  not  forget  on  what  foundations  this 
magnificent  structure  has  been  built  up.  We 
must  go  back  to  Elizabethan  days,  to  those 
Western  heroes  of  whom  Kingsley  was  so 
fond  of  writing — Drake,  Frobisher,  Hawkins, 
Raleigh,  and  men  of  that  stamp — and  to  that 
class  of  merchant  adventurers  who  did  so  much 
to  interest  the  British  people  in  the  empire 
beyond  the  seas.  It  was  the  men  of  that 
stamp  who  laid  the  foundations  of  that  colonial 
empire  which  has  been  built  up  by  stages  ever 
since. 

The  earliest  attempt  at  colonial  settlement 
was  made  by  Sir  Humphrey  Gilbert  in  New- 
foundland in  1583.  In  1600,  the  East  India 
Company  obtained  its  first  Royal  Charter.  It 
is  interesting,  for  the  sake  of  comparison,  to 
observe  that  the  Company  originally  consisted 
of  125  shareholders,  and  for  the  great  task  that 
it  undertook  it  had  only  a capital  of  £'-]0,ooo. 


Another  interesting  item,  which  perhaps  some 
of  us  who  do  not  look  into  history  have  not 
sought  out,  is  that  Charles  II.,  who  received 
as  dowry  with  Katherine  of  Braganza  the 
island  of  Bombay,  leased  it  to  the  East  India 
Company  for  the  modest  annuity  of  ;^io.  The 
East  India  Company  continued  doing  useful 
work  under  all  sorts  of  adventurous  circum- 
stances until  1858,  when  their  charter  was 
extinguished. 

By  the  end  of  the  17th  century  we  had  only 
added  the  New  England  States,  St.  Helena, 
two  slave  trading  stations  at  the  Gambia  and 
the  Gold  Coast,  the  Bermudas,  Jamaica, 
Barbadoes,  and  several  of  the  minor  West 
Indian  Islands,  New  Brunswick,  Nova  Scotia, 
and  Prince  Edward  Island,  in  the  North 
Atlantic.  At  the  latter  end  of  the  i8th  and 
the  beginning  of  the  19th  century,  we  com- 
menced an  enormous  expansion  of  our  colonial 
empire  in  the  West  Indies,  South  Africa, 
India,  Canada,  and  the  Pacific  ; but  it  is  in 
the  reign  of  our  gracious  Queen  Victoria  that 
the  greatest  strides  have  been  made,  until 
to-day  the  British  Empire  is  53  times  the  size 
of  France,  52  times  the  size  of  Germany,  3^ 
times  the  size  of  the  United  States  of  America, 
thrice  the  size  of  Europe,  with  treble  the 
population  of  all  the  Russias.  It  extends  over 
11,000,000  square  miles,  that  is  qi  times  the 
area  of  the  United  Kingdom  ; comprises  a fifth 
of  the  human  race,  or  350,000,000  people.  It 
embraces  four  continents,  10,000  islands,  500 
promontories,  and  2,000  rivers. 

It  is  difficult,  of  course,  sometimes  to 
grasp  the  magnitude  of  these  figures,  but 
I think  the  best  illustration  I ever  saw  was  in 
the  British  section  at  the  World’s  Fair  at 
Chicago  in  1893.  Nothing  impressed  me  more 
than  that  corner  of  Jackson-park  assigned  to 
Great  Britain  and  her  colonies  and  depend- 
encies, because  there  one  saw  in  miniature,  as 
it  were,  the  whole  British  Empire  gathered 
together  in  one  spot.  There  were  the  houses 
and  buildings  in  the  style  peculiar  to  the 
various  lands  and  colonies  they  represented ; 
there  were  natives  from  all  parts  of  the 
globe  ; and  there  was  the  British  flag  flying 
over  each  of  these  houses  — each  of  these 
nationalities — and  men  were  found  of  every 
colour  and  every  creed  bound  together  by 
the  one  common  sentiment  of  loyalty  to  her 
Majesty,  and  by  the  common  pride  of  being 
citizens  in  the  same  great  empire. 

Before  proceeding  to  glance  rapidly  over 
some  of  the  resources  of  our  empire,  let  me 
say  at  once  that  wherever  we  go  over  that  vast 
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area,  we  find  ample  evidence  of  the  old  British 
characteristics  of  self-dependence  and  inde- 
pendence, and  that  we,  whose  proud  heritage 
it  is  to  be  free  men,  and  to  thoroughly 
enjoy  the  blessings  of  civil  and  religious 
liberty,  readily  extend  those  privileges  to 
those  over  whom  we  rule.  Those  who  have 
had  opportunities  of  travel  like  myself,  and  of 
observing  and  tracing  the  difference  between 
British  and  foreign  rule,  cannot  help  feeling 
that  there  is  something  about  British  rule 
which  seems  to  suit  almost  every  nationality. 
We  do  not,  on  the  whole,  have  the  difficulty  with 
native  races  that  foreign  nations  do.  Take, 
as  an  illustration,  the  North  American  Indians. 
In  Canada  one  meets  them,  as  I met  them  six 
weeks  ago,  walking  about  the  cities  free  men 
and  free  women  with  their  heads  erect,  and 
evidently  feeling  the  blessings  of  liberty. 
You  go  into  the  States  and  you  see  very 
few  Indians,  except  in  the  reservations  to 
which  they  have  been  driven,  and  in  which 
they  are  kept.  The  treatment  is  so  different, 
that  in  the  one  case  you  see  something  like 
free  men  and  free  women,  proud  of  their 
citizenship,  and  conscious  of  equal  justice  at 
the  hands  of  their  rulers,  and  in  the  other  they 
seem  to  be  a frightened  crowd,  always  more  or 
less  at  issue  with  the  powers  over  them,  and 
living  a very  different  life  from  those  who  live 
under  our  flag.  The  same  thing  is  seen  in 
other  portions  of  the  empire.  It  was  my 
privilege  when  in  Queensland  to  meet  the 
Governor  of  New  Guinea,  Sir  William  Mac- 
gregor,  who,  during  the  ten  years  that  he  has 
administered  the  British  section  of  that  island 
has  done  magnificent  work.  He  told  me  that 
it  was  as  safe  for  a white  man — who,  by  the 
way,  is  strangely  called  by  the  natives  Jesu 
Christo — ^to  go  about  New  Guinea  to-day  as  it 
was  for  him  to  walk  about  on  the  mainland  of 
Queensland.  But  only  two  months  before  I was 
there,  just  across  the  border,  on  the  German 
side  of  the  island,  the  natives,  apparently  still 
untamed  and  fierce,  had  killed  the  Governor. 
I asked  Sir  William  Macgregor  how  it  was, 
and  he  said  his  effort  had  been,  during  the 
whole  ten  years  of  his  administration,  to  pacify 
the  natives,  who  were  always  more  or  less  at 
war  with  each  other  ; but  he  had  invented  the 
idea  of  enrolling  his  police  from  the  different 
tribes,  taking  them  to-  Port  Moresby,  keeping 
them  for  a couple  of  years  under  discipline, 
teaching  them  to  maintain  themselves,  and  sow 
their  own  m.ealies,  and  grow  their  own  food. 
At  the  end  of  that  period,  when  they  were 
thoroughly  disciplined^when  they  had  learnt 


self-respect,  and  something  of  the  blessings  of 
civilisation — he  would  send  them  back  to  their 
villages  to  act  as  representatives  of  order,  with 
the  effect  that  the  whole  country  became  more 
or  less  pacified. 

The  same  thing  might  be  said  of  the  native 
races  at  the  Cape,  in  Australia,  in  New 
Zealand.  In  New  Zealand,  for  instance,  what 
a magnificent  illustration  there  is  of  the  capa- 
city for  government  of  the  British  people.  Of 
course  New  Zealand  was  acquired  by  the  good- 
will of  the  Maories.  There  I saw,  in  the  New 
Zealand  Parliament,  huge  dusky  Maories, 
magnificent  fighters,  and  enemies  worthy  of 
our  steel,  when  unfortunately  at  war  with 
us,  sitting  side  by  side  with  Englishmen 
administering  the  laws  of  the  colony  in  which 
they  lived.  This  is  a splendid  tribute,  I 
think,  to  the  capacity  of  the  British  people, 
not  only  for  self-government,  but  also  for  in- 
culcating the  principles  of  self-government  in 
the  races  over  which  they  rule. 

If  I speak  somewhat  boastfully,  it  is  because, 
whenever  I return  from  a long  colonial  trip  I 
always  come  back  prouder  than  ever  of  being  a 
Britisher,  and  prouder  than  ever  of  being  a 
citizen  of  this  great  city  of  London.  There  is 
no  place  in  the  world  where  liberty  is  enjoyed 
as  it  is  in  Great  Britain,  and  under  the  British 
flag.  I was  coming  the  other  day  up  the  Irish 
Channel  on  one  of  the  Cunard  boats,  and  there 
was  a party  of  Americans  who  had  never  been 
to  England  before  ; they  were  talking  about 
their  own  great  country,  about  liberty  and  so- 
on, and  asked  me  if  I had  seen  the  statue  of 
Liberty  in  New  York  Harbour,  and  the  bell 
at  Philadelphia.  I had  to  confess  that  I had 
found  the  statue  very  hollow  and  shaky,  and 
I had  seen  the  Liberty  Bell  at  Philadelphia  with 
its  magnificent  inscription,  but  unfortunately 
the  first  thing  I noticed  was  a great  crack 
from  the  top  to  the  bottom.  I am  afraid  that 
hollow  statue  and  that  cracked  bell  are  almost 
synonymous  of  what  American  liberty  is.  It 
was  a beautiful  March  day  with  the  sun 
shining,  as  it  has  been  shining  to-day,  and  the 
white  clitfsof  Anglesey  were  reflecting  the  sun  , 
and  I said  to  these  ladies  and  gentlemen  ;; 
“ If  you  want  to  know  what  liberty  is,  just  take* 
the  deepest  breath  you  can,  and  you  wil’l 
taste  it.” 

I think  Lord  Lome  was  present  when  that 
magnificent  specimen  of  a loyal  French. 
Canadian,  Sir  Wilfred  Laurier,  the  present 
Premier  of  Canada,  was  speaking  in  London 
during  his  Jubilee  visit.  What  did  he  say? 
He  said  that  while  he  was  proud  of  his  French. 
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ancestr}^  and  that  he  was  a Frenchman  by- 
descent,  he  recog-nised  that  he  would  never 
have  enjoyed  the  same  liberty  under  the  flag 
of  France  as  he  and  his  compatriots  en- 
joyed under  the  flag  of  Great  Britain. 

We  see  also  the  capacity  for  self-government 
in  the  municipal  life  in  the  colonies,  not  only  in 
the  large  cities.  I had  occasion  when  I was  in 
West  Australia  to  take  a long  journey.  It  was 
very  hot,  and  I remember  the  flrst  well  I came 
to  ; it  w^as  about  one-third  water  to  two-thirds 
grasshoppers  ; every  time  you  opened  your 
mouth,  like  “poor  Mrs.  Somebody,”  you  swal- 
lowed a fly.  I remember  coming  to  an  out- 
of-the-w'ay  place  about  100  miles  from  any- 
w'here,  consisting  of  about  100  inhabitants, 
but  even  here  I was  met  by  a Progress 
Committee,  who  in  emulation  of  the  City 
of  London,  presented  a beautiful  address  to 
a representative  in  Parliament  from  the  old 
country,  not  indeed  emblazoned  on  vellum, 
nor  enshrined  in  a gold  casket,  but  written 
on  a half  sheet  of  foolscap  with  a torn  edge. 
This  Progress  Committee  represented  an 
embryo  m.unicipality. 

I recently  crossed  the  Atlantic  with  Mr. 
Ogilvie,  that  intrepid  explorer  who  has  just 
come  from  Klondyke,  and  he  told  me  that 
even  in  Klondyke,  amongst  the  British  section 
of  the  miners  at  any  rate,  the  principle  of 
municipal  life  existed.  Whenever  they  had 
to  decide  anything  they  met  in  council,  and 
they  abided  by  the  decision  of  the  majority, 
and  as  a rule  that  decision  was  pretty 
w'ell  right,  so  that  I am  not  merely  using  a 
sentimental  phrase  when  I talk  about  these 
characteristics  of  self-dependence  and  inde- 
pendence, which  are  peculiarly  British,  and 
stand  us  in  such  good  stead  in  every  part  of 
the  world. 

Then  I think  people  are  beginning  to  recog- 
nise, at  all  /Events  those  who  have  money  to 
invest,  that  there  is  something  stable  about 
the  British  law,  that  the  security  of  the  British 
flag  and  the  British  law  count  for  something, 
and  that  as  far  as  law  can  give  security,  they 
will  be  secured  wherever  the  British  law 
extends. 

Wherever  we  go  in  the  colonies  we  find  great 
progress  in  education,  both  elementary  and 
advanced.  Great  sacrifices  have  been  made 
by  some  of  the  colonies  in  order  that  their 
young  people  may  grow  up  with  a capacity 
to  fit  themselves  as  good  and  worthy  citizens 
of  the  country  to  which  they  belong.  Further 
evidence  of  the  progress  of  civilisation  in 
the  colonies  is  found  in  the  following  figures. 


In  1875  only  7,121  miles  of  railway  were 
open  and  22,116  miles  of  telegraph  ; in 
1895  (20  years  later)  33,716  miles  of  railway 
were  open  and  119,228  miles  of  telegraph. 
The  total  sum  spent  on  construction  of  rail- 
ways to  end  of  1895  was  ;^348,ooo,ooo.  As 
most  of  the  railways  are  owned  by  the  State 
you  will  see  what  a source  of  profit  they  have 
been,  and  what  a good  security  they  form  for 
the  loans  of  the  colonies  where  they  have  been 
constructed.  It  is  satisfactory  to  note  that  the 
receipts  were  ;^23,ooo,ooo  against  ;^i4,ooo,ooo 
expenditure,  a profit  in  working  of  ;^9,ooo,ooo. 

The  Premier  of  the  Cape  told  me  when  I was 
there  in  August  last,  that  but  for  the  railways 
her  revenue  would  cut  a very  sorry  figure. 
They  were  extending  them  in  all  directions, 
and  they  were  a source  of  very  great  profit 
to  the  Government. 

It  is  interesting  to  note  that  whereas  the 
total  trade  of  the  colonies  in  1875  was  under 
;^2i5,ooo,ooo  sterling,  it  had  risen  in  1895  to 
_;^300,000,000,  and  this  in  spite  of  the  enormous 
fall  in  values.  If  the  latter  factor  is  taken 
into  consideration  it  would  probably  be  shown 
that  the  trade  has  doubled  itself  in  the  course 
of  two  decades. 

It  maybe  interesting  to  glance  fora  moment 
at  some  of  the  items  which  go  to  make  up 
the  total  of  150,000,000  of  exports  fi'om  the 


colonies  : — • 

Wool  . . . . . . . . ^30,000,000 

Sugar  . . . . . . . . 7,000,000 

Hides,  skins,  leather,  and  furs  . . 6,000,000 

Gold  . . . . . . . . 10,000,000 

Silver  . . . . . . . . 3,500,000 

Copper  ..  ..  ..  ..  1,250,000 

Tin  . . . . . . . . 1,500,000 

Iron  1,000,000 

Coals  . . . . . . . . 4,500,000 

Corn  and  flour  . . . . . . 5,000,000 

Live  and  dead  meat  . . . . 4,000,000 

Timber  . . . . . . . . 3,000,000 

Diamonds  . . . . . . . . 4,000,000 

Other  precious  stones  . . . . 5,000,000 


The  total  mineral  production  of  the  empire, 
including  United  Kingdom,  is  valued  at 
;^ioo,ooo,ooo  per  annum. 

Dairy  produce  also  figures  largely  and 
promises  to  increase  rapidly,  as  also  do  fish, 
fish  products,  tea,  coffee,  fruit,  &c.  It  is 
estimated  that  the  empire  possesses  one- 
third  of  the  sheep  of  the  whole  world  ; 
one-fourth  of  the  cattle ; one-twelfth  of  the 
horses  ; one-fourteenth  of  the  pigs. 

In  shipping  the  colonies  stand  exceedingly 
well,  owning  1,411,707  tons  (Canada  largest), 
which  added  to  8,988,450  tons  registered  in  the 
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United  Kingdom,  and  52,325  tons  in  India, 
gives  the  enormous  total  of  10,452,482  for  the 
British  Empire. 

Another  satisfactory  sign  of  material  progress 
in  the  colonies  is  seen  by  the  amount  of  deposits 
in  the  savings  banks,  which  stood  at  the  end  of 
1895  at  the  respectable  total  of  ^41,500,000. 

I have  ventured  to  present  these  figures  in 
the  gross,  as  giving  us  a collective  picture  of 
some  of  the  resources  of  Greater  Britain. 

I will  now  rapidly  survey  the  principal 
portions  of  the  Empire. 

United  Kingdom. — Area,  121,000  square 
miles  ; population,  40,000,000. 

I remember  striking  terror  into  the  heart 
of  a member  of  Parliament  in  Western 
Australia,  when  I told  him  that  I sat  for  a 
constituency  covering  one  square  mile  in  the 
heart  of  London,  containing  60,000  people. 
He  raised  up  his  hands  in  pious  hoiTor,  and 
said  he  sat  for  a constituency  of  500  square 
miles  in  extent  containing  just  37  souls.  The 
map  here,  which  is  not  a very  large  one,  will 
give  you  an  idea  by  those  areas  coloured  red 
of  the  extent  of  the  British  Empire.  If  we  go 
westward  of  the  British  Islands,  we  come  first 
to  Newfoundland,  which  was  acquired  by 
settlement.  I am  just  going  to  show  how 
we  acquired  these  colonies ; it  was  not  all  by 
conquest.  I myself  feel  a very  keen  sympathy 
with  those  brave  pioneers,  men  who  have  gone 
out  with  their  pick  and  their  shovel,  and  who 
in  a quiet  way  have  helped  to  build  up  the 
British  Empire.  They  do  not  get  the  same 
recognition  as  the  soldiers  who  fought  so 
gallantly  for  us  ; they  do  not  figure  so  largely 
in  histor}',  but  to  my  mind  they  deserve,  from 
an  Imperial  point  of  view,  just  as  much  credit 
as  those  who  helped  to  build  up  the  Empire 
with  the  sword.  Now,  Newfoundland  is  a very 
fishy  place.  It  is  the  greatest  fish  emporium 
in  the  world,  and  a very  loyal  and  progressive 
colony.  It  has  had  its  set-backs  like  other 
parts  of  the  empire,  but  Newfoundland  is  a 
country  of  vast  resources,  and  I think  is  on  a 
fair  way  to  renewed  prosperity. 

Then  we  have  that  great  Dominion  of 
Canada,  where  the  memory  of  your  rule,  my 
lord,  and  that  of  your  gracious  consort  is 
treasured  to  this  day.  I had  the  privilege  of 
meeting  one  whom  you  know  very  well  in 
Ottawa,  Sir  James  Grant,  and  he  told  me 
more  than  one  pleasant  story  illustrating  the 
kindness  and  goodness  of  your  Lordship  and 
the  Princess  during  your  rule  in  Ottawa. 
Canada  was  acquired  partly  by  conquest  and 
partly  by  settlement.  When  we  think  of 
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Canada  and  its  history,  we  cannot  help,  in 
passing,  giving  some  evidence  of  our  satis- 
faction, when  we  think  of  the  memory  of 
Wolfe.  You  land  at  Quebec,  and  go  to  the 
heights  of  Abraham,  and  there  you  see  a 
plain  monument  with  this  inscription — “ Here 
died  Wolfe,  victorious.”  This  magnificent 
Dominion  of  Canada  has  an  area  of  3,500,000 
square  miles;  a population  of  5,000,000  with 
room  for  70,000,000.  I have  often  wondered 
why  the  United  States — which  is  really  only 
200,000  miles  more  in  area,  and  rather  less  if 
we  count  in  the  whole  of  Canada,  but  taking 
the  portion  that  might  be  settled — should  have 
a population  of  70,000,000,  while  Canada  has 
only  5,000,000.  Canada  has  enormous  re- 
sources, and  I am  very  thankful  that  a recent 
great  find  has  happened  just  within  the 
Canadian  border.  I do  not  know  how  it  is 
but  I think  it  is  a very  happy  circumstance 
that  this  great  new  goldfield,  this  new  Eldo- 
rado, happens  to  be  just  within  the  British 
border.  The  Canadians  mean  to  make  the 
most  of  it ; they  mean  that  the  British  people 
shall  have  the  first  chance  in  acquiring  some 
of  this  new  found  wealth  within  their  northern 
borders.  I always  look  upon  Canada  as  the 
great  wheat-producing  country.  Quite  recently 
at  an  exhibition  in  London  Manitoba  hard 
wheat  secured  the  first  prize  against  all  comers. 
I remember  at  the  World’s  Fair  at  Chicago 
being  astonished  at  the  wonderful  show  which 
Canada  made  on  that  occasion.  In  every 
department  of  dairy  produce  and  in  agricul- 
tural machinery,  in  which  the  United  States 
was  supposed  to  excel,  Canada  more  than  held 
her  own,  and  as  a rule  it  was  Canada  that  took 
the  first  prize  and  the  United  States  the  second. 
The  timber  resources  are  marvellous.  I remem- 
ber being  taken  to  Stanley-park  at  Vancouver, 
and  standing  beneath  trees  of  huge  girth  which 
seemed  to  me  to  be  very  like  the  monument 
at  London-bridge,  rearing  up  their  heads  100 
to  150  feet — giants  of  the  forest — which  made 
one  feel  very  small  indeed  when  standing  be- 
neath them.  With  regard  to  minerals,  from  Nova 
Scotia  in  the  east  to  British  Columbia  in  the 
west,  and  from  Rossland  in  the  south  to  Klon- 
dyke  in  the  north,  the  whole  land  is  simply  per- 
meated with  minerals  of  one  kind  or  another. 
I think  the  most  sober  judgment  might  well  be 
staggered  when  it  attempts  to  calculate  the 
mineral  wealth  of  the  Dominion  of  Canada. 
Mr.  Ogilvie,  whom  you  all  know  is  a very  sober 
conservative  man,  told  me  less  than  a month 
ago  that  he  estimated  that  ^20,000,000  worth 
of  gold  would  come  out  of  the  Klondyk‘^  •■''gion 
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alone  this  year.  If  that  is  the  case  it  will  be 
twice  the  normal  yearly  out-put  of  the  gold  with- 
in the  whole  of  the  British  Empire.  We  have  a 
magnificent  illustration  of  the  enterprise  of  the 
citizens  of  Canada  in  that  Great  Pacific  Railway 
which  stretches  for  3,000  miles  from  Montreal 
to  the  coast.  It  is  a remarkable  illustration  of 
what  can  be  done  by  enterprise  to  remem- 
ber that  every  day  from  the  eastern  end  a train 
starts  and  from  the  western  end  a train  starts, 
and  goes  right  across  that  mighty  continent. 
Then  we  have  the  waterways  of  Canada,  they 
are  magnificent  waterways.  I wish  that 
Canada  could  spare  to  Australia  some  of  her 
water.  I think  Australia  would  be  the  most 
perfect  country  in  the  world  if  it  could  get  a 
little  Canadian  water  to  help  it  along  the 
dry  seasons.  Canada  has  been  fortunate 
in  her  statesmen,  and  I need  only  cite 
the  names  of  Sir  John  Macdonald,  Sir 
Charles  Tupper,  and  Sir  Wilfred  Laurier,  as 
men  who  have  looked  into  the  future. 
My  idea  of  a statesman  in  contrast  to  a 
politician,  being  that  a statesman,  to  be  worthy 
of  the  name,  must  have  the  gift  of  foresight. 
These  men  have  been  worthy  of  the  best 
traditions  of  British  statesmanship,  because 
they  have  looked  ahead,  and  they  have  seen 
how  much  depended  on  cheap  transport. 
When  I was  last  in  Montreal,  a little  time  ago, 
a steamer  came  down  from  Port  Arthur,  laden 
with  grain,  and  was  able  to  go  right  through 
the  St.  Lawrence  on  her  way  to  Liverpool. 
That  is  a magnificent  testimony  to  British 
enterprise,  and  I am  quite  sure  the  money  sunk 
is  well  invested,  because  when,  as  I hope,  w'e 
put  Canadian  wheat  in  front  of  the  United 
States  and  Russian  wheat,  about  which  I 
shall  say  something  later  on,  Canada  will 
then  reap  the  fruit  of  her  foresight  in  these 
magnificent  means  of  cheap  transport  by 
her  waterways,  which  extend  2,400  miles  from 
Lake  Superior  to  the  sea.  Canada  has  not 
been  unmindful  of  her  obligations  in  the  matter 
of  defence.  She  has  a permanent  militia  of 
36,000  and  reserves  of  over  1,000,000  men. 
I crossed  from  Australia  with  a most  enter- 
prising colonel  of  one  of  those  regiments,^ who 
is  also  a member  of  the  Dominion  Parliament. 
He  had  been  to  Australia  with  the  patriotic 
idea  in  his  mind  of  getting  the  Australian 
colonies  to  combine  with  Canada  in  order  to 
form  an  Imperial  brigade  ready  to  be  sent 
anywhere,  and  to  do  anything,  either  in  the 
service  of  the  mother  country,  or  in  the  service 
of  any  of  the  sister  colonies. 

Then  we  have  Australasia,  that  magnificent 


heritage  of  the  southern  hemisphere.  It  was 
acquired  by  discovery  and  settlement,  and 
not  by  conquest.  It  has  an  area  of  3,175,000 
square  miles  ; a population  of  about  5,000,000, 
with  room,  I might  say,  for  100,000,000 
more.  We  know  its  products  are  various,  and 
of  enormous  extent;  wool,  meat,  wine,  minerals, 
timber,  and  sugar.  I happen  to  have  gone 
right  through  Australia  recently,  and,  there- 
fore, I am  rather  full  of  Australasian  matters. 

First,  w^e  will  take  Queenland , the  north- 
eastern section  of  Australia  ; its  gold  production 
to  the  end  of  1896  was  over  ;^40, 000, 000  ; tin, 
;^4,ooo,ooo;  coal,  ;^2,ooo,ooo.  In  1896,  Queens- 
land produced  wool  to  the  value  of  ;^3,ooo,ooo. 
Queensland  to-day,  in  spite  of  her  dry  seasons, 
supports  over  7,000,000  horned  cattle,  19,000,000 
sheep,  500,000  horses  ; and  I could  have  bought 
a very  good  ‘ ‘ nag,  ” if  I had  had  an  opportunity 
of  using  it,  for  15s.  when  I was  there.  She  has 
a permanent  defence  force  of  3,000.  I had  the 
privilege  when  I was  there  of  seeing  the  greatest 
gold  mine  in  the  world.  Mount  Morgan,  26 
miles  from  Rockhampton.  Originally,  it  was 
a dairy  pasturage,  belonging  to  two  brothers 
named  Morgan — all  Morgans  are  milkmen, 
I believe.  They  sold  this  pasturage  for  ;^i6, 
and  three  brothers  put  in  ;^500  each  by  way  of 
investment.  Those  gentlemen  are  living  to- 
day in  the  metropolis,  drawing,  as  a result  of 
their  investing  each,  over  ;^35, 000  a year 

in  dividends.  It  produces  very  nearly  ^^750, 000 
of  gold  each  year  ; and  Mr.  Jack,  the  govern- 
ment geologist  of  Queensland,  one  of  the  most 
able  men  in  the  profession,  told  me  there  was 
ample  evidence  to  his  professional  eye  that  this 
great  mountain  of  quartz  extends  160  yards 
across,  and  that  there  was  enough  in  sight  to 
produce  that  result  for  500  years  to  come — a 
very  good  look-out  for  those  who  have  invested 
in  Mount  Morgan  shares. 

Then  we  come  to  New  Soicth  Wales,  the 
mother  colony  down  in  the  south-east ; her 
gold  production  to  the  end  of  1896  was  over 
;i^43,ooo,ooo,  her  silver,  ;^24,ooo,ooo,  chiefly 
from  the  Great  Broken  Hill  mine;  and  her  coal, 
^31,000,000.  She  has  a Newcastle,  w’ell-named 
after  our  great  northern  coal  port,  with  magnifi- 
cent coal  resources  of  good  quality.  Her  tin 
production  was  0,500,000.  Nev/  South 
Wales  possesses  over  2,000,000  horned  cattle, 
57,000,000  sheep,  and  500,000  horses.  In  1896, 
she  produced  303,000,000  lbs.  of  wool,  valued 
at  £g,ooo,ooo.  She  has  a permanent  force  of 
of  over  8,000  men. 

Victoria  comes  next,  the  smallest  but 
perhaps  the  wealthiest  and  most  populous  of 
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the  Australasian  colonies.  And  there  we  have 
this  strikinje;-  fact  that  the  gold  production  of 
Victoria  to  the  end  of  1896  (and,  remem- 
ber, Victoria  is  hardly  fifty  years  old)  was 
^247,000,000  sterling  of  the  precious  metal. 
Many  of  her  mines  which  were  closed  down 
10,  20,  or  30  years  ago,  are  now  being  re- 
opened, and  I myself  went  down  a mine  there, 
1,400  feet  deep.  There  is  one  3,000  feet  deep, 
and  they  say  it  is  getting  so  hot  there  that 
they  doubt  being  able  to  go  much  further. 
Victoria  possesses  over  13,000,000  sheep,  and 
her  dairy  industries  attain  very  large  propor- 
tions. Enterprise  is  extending  in  the  direc- 
tion of  what  until  lately  was  regarded  as 
vermin,  namely,  the  rabbits.  I saw  myself 
one  shipment.  I was  taken  to  see  the  cold 
storage  set  up  by  the  Government  in  Melbourne, 
and  I saw  48,000  rabbits  being  sent  over  to 
England  in  one  shipment.  I think  they  fetch 
9d.  each  in  the  metropolis,  which  leaves  a very 
handsome  profit  after  the  shipping  charges  are 
paid.  If  one  travels  about,  one  sees  how  poten- 
tial the  resources  are.  I was  taken  into  the 
storage  of  one  vineyard  where  600,000  gallons 
of  wine  were  stored,  and  the  lady  who  owned 
the  adjoining  vineyard,  while  growing  grapes 
on  the  magnificent  surface  soil,  was  receiv- 
ing a royalty  of  ;^50  a week  from  miners 
who  burrowed  under  her  land  in  order  to 
get  at  some  alluvial  deposits  which  ran 
like  a river  through  the  whole  course  of  her 
property. 

The  gold  production  of  South  Australia 
is  much  smaller,  but  her  copper  production 
up  to  i8g6  was  £21,000,000  sterling.  The 
gold  was  ;^i,8i5,ooo.  In  1896,  South  Aus- 
tralia produced  wool  valued  at  ;^i,288,ooo. 
They  have  a smaller  number  both  of  sheep 
and  cattle — 337,000  cattle  and  6,323,000  sheep. 
The  wine  of  South  Australia  ought  to  be  really 
more  appreciated  in  the  English  markets  than 
it  is.  It  is  of  very  high  strength,  and  pays  a 
much  greater  proportion  in  duty  in  conse- 
quence, than  the  cheap  wines  of  the  Continent. 
I tasted  some  there  which  really  compared 
with  anything  I ever  tasted  on  the  Continent 
or  at  home.  I think  they  have  a just  cause 
of  complaint  against  the  mother  country  in 
letting  their  wines  come  into  hotch-potch,  as  it 
were,  paying  for  its  virgin  strength,  which 
they  cannot  help,  without  reducing  it  by  water 
or  some  other  form  of  adulteration.  They 
think,  at  least,  the  duty  ought  to  be  calculated 
in  an  ad  valorem  way,  so  that  the  people  here 
might  have  the  benefit  of  the  cheap  wine  that 
they  produce — not  cheap  and  nasty,  but  cheap 


and  good  compared  with  the  wines  of  the 
Continent. 

Now  we  come  to  the  vast  colony  of  West  Aus- 
tralia. It  spreads  over  nearly  one-third  of  the 
Australian  continent.  It  is  975,000  square 
miles  in  extent,  and  until  lately  was  regarded 
as  the  Cinderella  of  the  colonies — it  was  the 
dumping  ground  for  convicts  for  a considerable 
time.  I remember  travelling  on  that  journey 
I was  speaking  of  just  now,  and  having  to 
spend  a night  at  a sheep  station — not  a 
crack  sheep  station,  such  as  I visited  in  New 
South  Wales,  but  just  a branch  sheep  station, 
where  I had  to  sleep  on  a mattress  of  a very 
doubtful  colour,  and  with  a mud  floor.  I saw 
a remarkable  combination  there.  There  was  an 
old  man  with  one  arm , one  with  one  eye,  and  one 
with  one  leg.  They  all  seemed  about  the  same 
age.  I got  into  conversation  with  the  cook,  the 
man  with  one  eye,  and  a very  good  cook  he 
was,  in  spite  of  having  only  one  eye.  Our  food 
was  very  crude  ; our  only  illuminant  was  a 
wick  stuck  in  a pickle  bottle.  There  were  no 
knives  and  forks,  we  had  to  take  the  mutton 
chops  in  our  fingers,  and  eat  them  in  that  way, 
but  of  course  we  had  to  adapt  ourselves  to  our 
environment.  There  was  no  butter  on  our 
bread,  no  milk  in  our  tea,  but  the  old  man  did 
bring  me  a piece  of  soap  and  a candle,  and 
they  were  regarded  as  such  luxuries,  that  I 
think  they  had  been  treasured  up  for  a year 
or  two.  I wondered  how  it  was  that  these 
three  old  curiosities  were  there.  The  man  who 
was  driving  me  told  me  they  were  “lags,” 
that  is  to  say,  convicts  ; they  came  out  as  con- 
victs in  the  old  times,  they  were  farmed  out, 
and  were  just  using  their  lives  up  on  the  sheep 
station  in  the  way  I have  described. 

I found  some  very  remarkable  people  in 
Western  Austi'alia.  I met  a John  Bull  there, 
and  I met  a W.  E.  Gladstone.  John  Bull  had 
gone  out  35  years  ago,  an  assisted  emigrant 
from  Bristol  ; by  his  own  energies,  and  by  his 
own  strong  arm  he  had  secured  somehow  400 
acres  of  land,  and  he  told  me  he  had  raised 
amidst  many  difficulties,  in  what  appeared 
barren  soil,  magnificent  fruit  trees,  and  he 
derived  an  income  the  year  before  I was  there 
of;^2,ooo  out  of  those  400  acres  of  fruit  farm- 
ing. W.  E.  Gladstone  keeps  a baker’s  shop, 
and  they  call  it  the  premier  bakery.  West 
Australia  has  been  regarded  as  being  a 
perfectly  barren  place,  but  within  the  last 
three  years  it  has  produced  ^6,000,000  worth 
of  gold  ; but  in  addition  to  this  it  has  large 
pastoral  resources,  and  it  has  also  belts  of 
very  fine  agricultural  land.  I myself  took 
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up  a little  land  when  I went  out  there  in  1896, 
and  I went  to  see  it  for  the  first  time  last 
year.  To  my  great  surprise  land  which  was 
a virgin  forest,  although  possession  had  only 
been  held  for  nine  months,  had  300  acres 
under  crop,  flourishing  splendidly,  although  it 
had  no  outside  assistance  beyond  the  ash  of 
the  trees  in  order  to  fertilise  it.  The  etfect  of 
the  gold  rush  in  West  Australia  has  been  (and 
the  etfect  of  the  gold  rush  in  Canada  will  be 
the  same),  to  develop  all  the  other  resources, 
because  the  gold  area  cannot  grow  what  it 
wants  for  its  requirements,  and  there  is  an 
enormous  demand.  West  Australia  last  year 
had  to  import  J8oo,ooo  worth  of  produce  for 
consumption  ; so  that  there  is  a very  fine  field 
for  people  who  are  not  disposed  to  go  and 
search  for  gold  —they  can  find  gold  in  develop- 
ing the  other  resources  of  the  country. 

Tasmania  is  a beautiful  place  with  a beauti- 
ful climate,  and  it  is  also  a most  flourishing 
colony. 

New  Zealand,  the  Britain  of  the  South, 
has  great  natural  beauties  which  well  repay 
the  journey  to  see  them,  and  has  besides 
enormous  natural  resources,  which  will,  I 
believe,  continue,  and  flourish  for  a long 
time  to  come.  New  Zealand  has  produced 
gold  to  the  value  of  ^1^52,000,000,  and  she 
exported  wool  last  year  to  the  value  of 
;^4,39i,ooo.  She  possesses  1,138,000  cattle, 
19,000,000  sheep,  and  250,000  horses. 

The  total  gold  production  of  the  Australasian 
colonies  is  valued  at  ;,^344,ooo,ooo  up  to  the  end 
of  1896,  while  other  metals  bring  the  total  up 
to  the  enormous  figure  of  ;^46o, 000, 000  sterling. 
One  ought  to  reflect  that  this  industry  gives 
employment  to  other  industries— it  creates  a 
demand  for  machinery  from  Great  Britain.  It 
is  estimated  that  in  connection  with  mineral 
workings  something  like  ;^6,ooo,ooo  worth  of 
machinery  is  used,  and  the  last  return  gave 
the  number  of  men  employed  at  the  various 
mines  at  102,000. 

I pass  rapidly  on  to  the  IVesi  Indies,  with 
British  Honduras  and  British  Guiana  on 
the  South  American  mainland.  The  total 
area  is  120,000  square  miles,  with  a population 
of  1,800,000.  The  principal  industry — sugar — 
is  very  depressed ; but  I hope  the  time  is  not 
far  distant  when,  by  some  methods  which  at 
present  are  perhaps  in  the  minds  of  our  states- 
men, and  have  not  yet  been  disclosed,  we  may 
counteract  the  pernicious  etfect  of  those  foreign 
bounties,  and  give  our  sugar-producing  colonies 
a chance.  I wish  doctors  would  recommend 
raw  sugar  as  they  recommend  whisky.  I think 


if  people  had  any  regard  for  their  stomachs,, 
they  would  not  eat  and  drink  as  they  do 
in  solution  the  beet  - sugar,  which  is  pro- 
duced on  the  Continent,  but  the  magnificent 
raw  sugar  which  comes  from  the  West  Indies 
or  Queensland.  Most  of  the  sugar  pro- 
duced in  the  colonies  is  very  much  better  for 
the  health,  and  would  be  very  much  better  for 
the  pocket,  to  both  the  producer  and  the 
consumer,  than  that  horrible  production  which 
is  made  from  beet  on  the  Continent. 

Then  we  come  to  Africa  — South,  West 
and  East,  acquired  partly  by  conquest  and 
partly  by  settlement  or  annexation.  It  has 
2,500,000  square  miles,  and  a popula- 
tion of  5,000,000  There  we  have  wool,, 
wine,  gold,  diamonds,  and  ivory,  produced 
in  apparently  illimitable  quantities.  The 
evidences  of  the  richness  of  that  great 
continent,  which  was  rightly  called  till  a few 
years  ago  the  Dark  Continent,  are  becoming 
manifested  every  day. 

Then  we  have  Ceylon,  25,000  square  miles 
only,  in  extent,  but  an  island  which  is  a 
beautiful  place  to  visit,  and  most  productive. 

The  Straits  Settlejnents , which  with  the 
Protectorate  cover  26,000  square  miles,  are 
an  exceedingly  busy  and  useful  item  in  con- 
nection with  British  trade. 

Then  there  is  the  island  of  Ho7ig 
Kong,  the  importance  of  which,  I think, 
is  becoming  more  manifest  every  day.  Hong 
Kong  is  about  the  third  shipping  port  in 
the  world,  and  is  a magnificent  tribute,  I 
think,  to  the  expansion  which  follows  the 
British  flag.  I was  privileged  to  be  in  the 
House  of  Commons  to-day,  and  I am  quite 
sure,  without  any  distinction  of  party,  we  wel- 
comed the  straightforward  statement  made  by 
the  First  Lord  of  the  Treasury.  There  is 
no  doubt  the  nation  was  in  a state  of  un- 
easiness for  a time,  but  the  policy  of  the 
Government  has  been  justified.  Mr.  Balfour 
explained,  in  the  most  lucid  way,  that  they 
had  succeeded  in  getting  three  new  ports  open 
to  trade  in  China,  one  quite  in  the  interior, 
and  they  had  also  succeeded  in  absolutely 
neutralising,  as  far  as  possession  by  foreign 
Powers  is  concerned,  the  river  Yangtse.  They 
also  were  driven  by  force  of  circumstances, 
much  against  their  will  (because  their  policy 
was  to  keep  China  open  for  commercial  pur- 
poses without  adding  anything  to  their  re- 
sponsibility by  acquiring  territory)  to  get 
that  position  at  the  entrance  to  the  Gulf 
of  Pechili  at  Wei-Hai-Wei,  through  the 
action  of  Russia  at  Port  Arthur.  Mr.  Balfour 
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explained,  and  it  was  a most  delicate  thing 
to  do,  something  of  the  negotiations  with 
the  great  Eastern  Power,  which  showed 
that  the  British  Government,  had  been  driven 
to  this  position.  I am  quite  sure  that  we 
shall  all  rejoice  that  what  threatened  to  be 
a loss  of  prestige  in  the  East  has  been  con- 
verted into  a triumph,  and  that  Great  Britain 
stands  where  she  did  before,  the  predominant 
nation  in  that  part  of  the  world. 

Last,  but  not  least,  that  magnificent  Empire 
of  India, an  area  of  1,700,000  square  miles, 
w’ith  a population  of  288,000,000,  speaking778 
languages,  excluding  European,  claims  our 
attention.  The  impK)rtance  of  India  to 
British  commerce  is  manifest  when  I tell  you 
that  five-sixths  of  the  trade  is  British ; the 
total  import  trade  in  1895  was  over  ;^59,ooo,ooo 
sterling,  _;^43,ooo,ooo  of  which  were  from 
Great  Britain  and  £•] ,000,000  from  British 
possessions,  making  ;^5o,ooo,ooo  in  all  from 
British  sources,  leaving  ;^9,ooo,ooo  only  for 
all  the  other  nations  of  the  world.  India 
furnishes  native  forces  amounting  to  220,000 
men,  and  I am  quite  sure  that  those  who 
know  India  will  agree  that  although  there 
may  have  been  blots  on  our  administra- 
tion— and  it  is  almost  impossible  in  a great 
country  like  that  with  so  many  varied  interests 
for  the  most  able  rulers  to  sometimes  avoid 
making  mistakes — on  the  whole  the  admini- 
stration has  been  carried  out  with  benefit  to 
the  native  races,  always  with  equal  justice,  and 
the  weak  had  been  protected  in  every  part  of 
that  great  empire. 

There  remain  to  be  mentioned  the 
naval  and  military  posts  at  Gibraltar, 
Malta,  Cyprus,  and  Perim.  There  is  a 
curious  story  about  Perim  told  me  by  an 
old  P.  and  O.  captain,  and  it  is  this,  that 
a certain  French  commander  put  in  with  his 
vessel  at  Aden,  and  was  invited  courteously 
to  the  house  of  the  Governor,  was  entertained, 
and  there  he  let  out  after  dinner — some  people 
talk  freely  after  dinner — that  he  was  bound 
for  a little  place  higher  up  the  Red  Sea — 
namely,  the  Island  of  Perim,  and  he  was  going 
to  plant  the  French  flag  there.  His  host  was 
more  hospitable  than  ever,  and  he  found 
another  bottle  of  that  good  old  wine  which 
the  French  officer  liked  so  well ; but  in  the 
meantime  he  sent  a message  to  the  captain 
of  an  English  ship  in  the  port,  and  by-and- 
bye  when  Monsieur  finished  his  visit  and 
proceeded  to  fulfil  his  mission  he  found  the 
British  blue-jackets  posted  and  the  British  flag 
flying  on  the  Island  of  Perim.  | 
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To  conclude  this  survey  we  have  Aden, 
St.  Helena  and  Ascension,  and  coaling 
stations  and  naval  stations  in  every  ocean, 
and  we  have  recently  had  an  illustration 
of  the  advantage  of  having  coaling  stations 
and  good  coal  there  too,  in  the  case  of  our 
eastern  fleet.  But  for  our  coal  stores  at 
Hong  Kong  we  might  have  been  reduced, 
like  the  Germans,  to  having  to  beg  from 
our  neighbours.  When  I was  in  Vancouver, 
I had  an  illustration  of  the  foresight  of 
the  Admiralty.  I went  to  see  the  magni- 
ficent naval  station  at  Esquimault.  There 
I found  that  they  used  nothing  but  Welsh 
coal,  so  as  to  make  sure  of  having  the 
most  reliable  combustible  when  quick  and 
difficult  work  has  to  be  accomplished. 

I do  not  think  I could  have  dwelt  for  a 
much  shorter  time  on  the  resources  of  the 
empire  : they  are  so  vast,  but  I very  much  hope 
that  in  the  figures  I have  tried  to  give  you  I 
have  not  wearied  you.  After  all,  it  is  a 
matter  of  figures  when  you  are  talking  of  the 
resources  of  the  empire. 

Now,  if  I may,  I will  just  for  one  moment 
talk  about  the  future  of  the  empire.  The 
importance  of  this  question  has  been  recognised 
by  men  who,  as  I say,  are  deserving  the  name  of 
statesmen.  The  great  Professor  Sir  John  Seeley, 
who  did  so  much  to  impress  the  importance  of 
the  study  of  English  history  on  English  people, 
did  a great  and  quiet  work.  I remember,  in 
the  East-end  of  London,  hearing  of  men 
who  were  sent  out  by  Professor  Seeley  to  go 
into  the  school-rooms  connected  with  the 
various  churches  and  chapels,  and  talk  to  the 
people  about  the  importance  of  the  British 
Empire.  Professor  Seeley  said  this  : — 

‘ ‘ I tell  you  that  when  you  study  English  history*, 
you  study  not  the  past  of  England  only,  but  her 
future.  It  is  the  welfare  of  your  country,  it  is  your 
w*hole  interest  as  citizens  that  is  in  question  while 
you  study  history.  How  it  is  so,  I illustrate  by 
putting  before  you  this  subject  of  the  expansion  of 
England.  I show  you  that  there  is  a vast  subject 
ripening  for  decision,  upon  which  almost  the  whole 
future  of  our  country  depends.  In  magnitude,  this 
question  far  surpasses  all  other  questions  which  you 
can  ever  have  to  discuss  in  political  life.” 

That  was  the  opinion  of  a great  student  on  a 
great  subject.  Now  I venture  to  say  the  most 
important  question  with  regard  to  the  future  of 
the  empire  is  the  trade  question.  We  have  in 
our  colonies,  as  I have  shown  you,  gjeat  pro- 
ducers of  raw  materials.  We  have  here  a huge 
consuming  population  who  live,  the  bulk  of 
them,  by  their  work  as  artisans,  and  by  manu- 
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factures.  What  is  more  natural,  what  is  more 
logical  than  that  there  should  be  a basis  of 
exchange  between  the  manufactured  articles 
of  the  old  country  and  the  raw  materials  of 
the  new  countries.  I venture  to  say  that  as 
these  great  natural  and  inexhaustible  resources 
of  the  colonies  are  developed,  we  shall  find, 
not  merely  increased  profitable  employment  for 
our  artisans  at  home,  but  we  shall  find,  also, 
increased  opportunities  for  men  with  large 
families  who  have  not  elbow-room  enough  at 
home.  That  is  a part  of  the  question  I mean 
to  dwell  upon  by-and-bye.  My  impression  is 
that  the  State  ought  to  give  opportunities,  not 
by  pauperising  her  people,  but  by  offering 
facilities  to  those  who  desire  it  to  settle  in 
other  parts  of  the  empire  in  order  that 
they  may  make  new  homes  for  themselves 
w’here  they  may  have  plenty  of  room  to  get 
profitable  employment.  In  support  of  this 
opinion  of  mine,  that  the  trade  question  looms 
the  largest,  and  is  the  most  important  in 
connection  with  the  future  of  the  British 
Empire,  I want  to  quote,  if  I may,  just  briefiy 
Lord  Salisbury,  and  Mr.  Chamberlain,  than 
whom  no  one  has  given  closer  study,  or  is 
more  able  or  more  qualified  to  speak  upon  it. 
Lord  Salisbury  in  referring  to  the  question  of 
closer  commercial  union  said: — “It  is  an 
organic  question  which  concerns,  and  will 
control,  the  very  existence  of  our  empire, 
and  the  very  foundation  of  our  trade.” 

Mr.  Chamberlain  has  spoken  thus  on  the 
subject : — 

“We  may,  however,  approach  this  desirable  con- 
summation by  a process  of  gradual  development. 
We  may  endeavour  to  establish  common  interests 
and  common  obligations.  AVhen  we  have  done  that 
it  will  be  natural  that  some  sort  of  representative 
authority  should  grow  up  to  deal  with  the  interests 
and  the  obligations  we  have  created.  What  is  the 
greatest  of  our  common  obligations  } It  is  Imperial 
defence.  What  is  the  greatest  of  our  common 
interests  ? It  is  Imperial  trade.  And  those  two  are 
very  closely  connected.  It  is  very  difficult  to  see  how 
you  can  pretend  to  deal  with  the  great  question  of 
Imperial  defence  without  having  first  dealt  with  the 
question  of  Imperial  trade.  Imperial  defence  is  largely 
a matter  of  ways  and  means,  the  ways  and  means  are 
dependent  upon  the  fiscal  and  other  commercial 
arrangements  you  may  m^ake,  and,  therefore,  the 
conclusion  to  which  I arrive  is  this — that  if  the  people 
of  this  country  and  the  people  of  the  colonies  mean 
what  they  have  been  saying,  and  if  they  intend  to 
approach  this  question  of  Imperial  unity  in  a practical 
spirit  they  must  approach  it  on  its  commercial  side.” 
Mr.  Chamberlain  on  the  same  occasion 
further  said  : — 


“To  organise  an  empire — one  may  almost  say  to 
create  an  empire — greater  and  more  potent  for  peace 
and  the  civilisation  of  the  world  than  any  that  history 
has  ever  known — that  is  a dream  if  you  like,  but  a 
dream  of  wffiich  no  man  need  be  ashamed.  We 
appreciate  and  we  cordially  respond  to  the  notes,  the 
stirring  notes  of  loyalty  and  affection  that  have  been 
evoked  from  our  colonies  vhen  the  great  mother 
country  has  appeared  to  be  in  danger.  We  look 
forward  with  hope  and  with  confidence  to  the 
development  of  those  countries  which  are  populated 
by  our  children  and  by  our  kinsmen,  but  those  senti- 
ments alone  will  never  make  an  empire  unless  they 
are  confirmed  by  bonds  of  material  interest,  and  we 
can  only  found  unity  upon  a common  weal.” 

Happily,  these  opinions  are  shared  by  lead- 
ing men  of  all  shades  of  politics.  Lord  Rose- 
bery, not  in  precisely  the  same  words,  but  with 
precisely  the  same  meaning,  has  expressed  his 
views  on  this  subject.  Happily,  the  feeling  is 
spreading  throughout  the  whole  of  the  colonies. 
Canada  long  ago  declared,  and  actually  put 
on  record  in  the  statute-books  of  her  Parlia- 
ment that  she  w^as  ready  when  the  mother 
country  was  prepared  to  discuss  the  question, 
to  give  British  manufactures  a substantial 
preference  in  her  markets.  Of  course  there 
have  been  standing  in  the  way  as  you  know, 
those  two  unfortunate  treaties  with  Belgium 
and  with  the  German  Zollverein,  which  pre- 
vented our  Colonies  giving  any  preference  to 
goods  of  the  mother  country,  but  happily,  the 
courage  of  our  statesmen  rose  to  the  occasion. 
I thought  that  the  whole  country  would  be 
about  their  ears,  at  least,  some  of  the  mis- 
guided people  who  cling  so  closely  to  some  of 
the  old  traditions  that  have  guided  them  too 
long,  when  it  was  announced  those  treaties 
would  terminate.  It  had  been  announced  that 
the  Governments  of  Germany  and  Belgium 
would  not  expunge  the  particular  clauses  to 
which  I refer,  so  our  Government  did  a bold 
and  statesmanlike  [stroke  when  last  year  they 
gave  notice  that  those  treaties  must  terminate, 
and  by  the  end  of  June,  this  year,  those  clauses 
will  be  expunged,  and  new  treaties  will  be  in 
force,  and  we  shall  be  free  for  the  first  time  to 
set  up  reciprocal  relations  with  our  colonies. 

Canada  has  done  more  than  this.  It  was 
my  privilege  a few  weeks  ago  to  sit  on  the 
floor  of  the  Parliament-house  at  Ottawa  when 
both  sides — and  both  sides  in  Canada  vie  with 
each  other  in  the  desire  to  draw  closer  together 
the  bonds  between  the  mother  country  and 
themselves  — agreed  to  re-shape  their  fiscal 
arrangements,  and  they  have  definitely  offered 
to  give  to  the  mother  country  a preference  of 
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10,  15,  and,  in  some  cases,  20  per  cent,  in  her 
tariffs  over  the  produce  of  other  countries.  I 
had  the  privile£^e  in  1896  of  going’  to  Australia 
as  honorary  Commissioner  of  the  United  Empire 
Trade  League.  In  Canada  of  course,  being  a 
federated  dominion,  they  speak  with  one  voice, 
but  in  Australasia  there  are  seven  voices,  there 
are  seven  colonies,  and  the  difficulty  was  to 
get  them  at  all  into  line  on  this  great  question. 
They  had  an  idea  that  their  fiscal  liberty  was 
going  to  be  interfered  with.  It  was  my  privilege 
to  interview  those  Governments,  and  at  the  sug- 
gestion of  one  of  the  Premiers — who  depend  a 
great  deal  more  for  guidance  upon  the  people 
perhaps  than  do  our  statesmen  at  home,  I mean 
that  they  do  not  lead,  they  rather  follow — 
I addressed  a meeting  in  Melbourne  Town 
Hall,  when  perhaps  3,000  persons  were  pre- 
sent. A favourable  resolution  was  moved  and 
enthusiastically  carried,  so  that  the  Victorian 
Government  at  least  were  set  free  to  act  on 
the  affirmative  side  of  this  great  question. 
The  Premier  of  New  Zealand — and  those  of 
3'ou  who  saw  him  last  year  know  what  a bold, 
and  vigorous  man  he  is — was  going  to  the 
country  the  following  year,  and  he  actually 
put  this  as  the  first  plank  in  his  platform  : 

I am  for  Imperial  unity  upon  the  lines  of 
Imperial  trade,”  and  he  cut  out  the  sugges- 
tions which  I submitted  to  him,  put  them 
into  his  election  address,  and  elected  to  stand 
or  fall  by  them.  The  result  was  that  he  was 
returned  by  a large  majority  in  order  to  carry 
out  that  policy  which  he  had  so  boldly  set  forth, 
which  is  a tribute  again,  I think,  to  the  common- 
sense  of  British  people  wherever  they  may  be. 
You  can  understand  personally  how  pleased  I 
feel  to  hear  by  telegram  that  at  Melbourne 
at  a conference  of  the  Australasian  Premiers, 
on  the  nth  of  March,  this  resolution  was 
passed : — 

“That  the  federal  tariff  should  give  preterence  to 
the  produce  and  manufactures  of  the  United 
Kingdom,  and  in  default  of  an  early  federal  tariff 
the  colonies  should  be  recommended  individually  to 
give  a substantial  preference.” 

That,  I think,  is  a magnificent  testimony 
to  the  good  sense  of  the  Australasian  Premiers. 
Now  we  have  Canada  and  South  Africa 
and  Australia,  all  in  line  on  this  great 
question.  I know  there  are  differences  of 
opinion  as  to  what  the  next  move  should  be. 
My  own  opinion  is  that  the  mother  country 
should  frame  a policy  and  submit  it  to  her 
daughter  countries  in  various  parts  of  the 
world.  Anyhow,  we  have  the  testimony  in 


black  and  white  that  each  of  our  great  self- 
governing  colonies  is  prepared  to  meet  us  by 
giving  our  products  substantial  advantages  in 
her  markets,  and  I think  it  is  only  natural  that 
they  should  look  and  hope  for  some  advantage 
for  their  own  products  in  return. 

I have  already  dwelt  upon  the  resources 
of  the  various  colonies.  Let  me  bring  the 
matter  to  a practical  issue.  A resolution 
was  brought  forward  in  the  House  of  Com- 
mons, last  Session,  that  the  Government 
should  buy  a six  months’  supply  of  wheat, 
and  store  it  here  in  case  of  emergency.  It 
is  a very  striking  fact  that  we  get  our  bread 
every  day  brought  to  our  doors,  but  we  do  not 
stop  to  think  what  is  our  reserve  of  wheat. 
The  fact  is,  that  on  the  average  there 
is  less  than  a month’s  supply  of  grain  in 
the  country.  Seeing  that  out  of  30,000,000  of 
quarters  of  wheat  consumed  each  year,  we 
have  to  import  about  25,000,000,  it  is  a very 
serious  question  as  to  what  would  happen  if 
the  grain  supply  were  stopped.  My  belief  is 
that  the  best  way  in  which  we  can  store  grain, 
is  to  make  Canada  the  granary  of  the  empire. 
Canada  is  within  a week’s  steaming  of  the 
mother  country,  with  magnificent  natural  re- 
sources ; she  has  actually  a larger  grain  pro- 
ducing area  than  the  United  States  has,  and 
its  quality  has  been  shown,  as  I have  testified 
by  the  premier  position  occupied  in  every  ex- 
hibition at  which  her  products  are  displayed. 
My  own  feeling  is  that  there  is  a grave  national 
danger  in  depending  on  foreign  countries  for 
our  food  supply,  apart  from  their  not  taking  any 
notice  of  the  questions  of  give  and  take.  On  the 
average  we  pay  the  United  States  of  America 
^^90,000,000  a year  chiefly  for  goods  that  we 
could  get  in  our  own  colonies  just  as  well,  and,  I 
think,  a good  deal  better.  Whereas  the  United 
States  only  spends  with  us  ^^30, 000, 000  a year, 
thus  obtaining  an  advantage  of  £bo,ooo,ooo 
on  a trade  of  ,^^90, 000, 000.  Our  colonial 

customers  are  of  very  much  better  value  to 
us  than  that.  They  say  to  us  in  effect  for 
every  pound  jmu  spend  with  us  we  will  spend  a 
pound  with  you.  I think  we  can  so  arrange  mat- 
ters as  to  prevent  our  colonies  becoming  great 
manufacturers.  Some,  indeed,  have  set  up  in- 
dustries which  are  flourishing,  but  their  natural 
bent  should  be  to  develop  their  raw  produce, 
their  natural  resources,  and  if  we  can  establish 
relations  by  which  their  produce  is  given  a 
preference  in  our  markets,  and  our  manu- 
factures a preference  in  theirs,  there  is  no  limit 
I think  to  the  expansion  of  trade  which  would 
take  place  between  us.  If  one  studies,  as  I do. 
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the  figures  which  come  out  each  year  in  the 
Statistical  abstract,  it  is  a very  striking  and 
alarming  fact  that  the  whole  of  our  increased 
import  trade  this  last  year  or  two  with  foreign 
countries  has  been  in  manufactured  goods.  It 
is  a very  serious  question  for  our  artisan  popu- 
lation. I think  last  year  the  increase  was  about 
£j, 000, 000  all  in  manufactured  goods.  Where 
are  we  to  look  for  outlets  for  our  manufactures 
but  to  those  great  new  countries  which  are 
capable  of  such  infinite  expansion  beyond  the 
seas,  and  which  actually  offer  to  treat  us  pre- 
ferentially in  exchange  for  some  sort  of  con- 
sideration on  our  part  for  their  produce  ? I 
remember  in  Queensland,  just  before  I was 
there,  there  had  been  a deputation  from  France. 
In  France  you  know  they  have  a minimum  and 
a maximum  tariff,  and  they  can  impose  which 
they  please.  Some  French  people  had  been  to 
Queensland  offering  them  the  advantage  of 
the  minimum  in  return  for  some  concessions. 
What  did  the  Premier  say  to  me  ? Sir  Hugh 
Nelson,  a thorough  Britisher  and  a thorough 
statesman,  said,  “ How  is  it  that  you  do  not 
do  something  to  ensure  a preference  for  our 
meat?”  As  I tell  you  they  support  7,000,000 
homed  cattle,  and  beef  is  a great  staple 
article  in  Queensland.  They  say  if  they 
can  get  id.  a lb.  net  for  their  beef,  the 
producers  in  Queensland  are  quite  content. 
You  add  to  that  of  course  charges  for  chilling 
and  for  freight,  making  it  about  i^d.  ; so  that 
they  want  to  get  about  2^6..  in  the  London 
market.  They  say  they  cannot  get  it.  I do  not 
know  where  the  profits  go  to,  but  I would  be  very 
glad  to  buy  Queensland  meat  for  2^d.  a lb.  if  I 
could  get  it.  But  they  say  the  competition 
from  the  Unites  States  and  Argentina  drives 
the  market  down  to  below  a payable  rate, 
sometimes  to  2'd.  or  2d.,  and  the  Queensland 
producer  cannot  get  a living  price,  although 
the  paying  price  is  only  id.  per  lb.  for  the  meat 
he  produces.  In  South  Africa  we  have  evi- 
dence of  patriotic  feeling.  It  was  during  the 
existence  of  the  present  Government  that  that 
great  statesman,  Mr.  Rhodes  (who,  with  all 
his  faults,  has  done  magnificent  service  to  the 
empire)  made  a definite  offer  when  that  great 
country  which  bears  his  name  was  being 
opened  up,  that  he  would  give  British  pro- 
ducts a distinct  preference  in  the  markets  of 
that  great  country  on  a definite  reciprocal 
basis.  His  offer  was  not  entertained,  and 
for  some  reason  or  other  no  notice  seems 
to  have  been  taken  of  it,  but  I think  it  was 
evidence  of  his  desire — and  I heard  Mr. 
Rhodes  himself  say  that  such  was  his  de- 


sire and  ambition  — ■ to  find  employment, 
not  merely  for  willing  hands  in  South  Africa 
itself,  but  for  our  struggling  artisans  at  home. 
There  is  this  to  be  said  to  his  credit,  that  the 
great  railway  for  which  he  was  largely  respon- 
sible has  been  built  with  material  bought  in 
Great  Britain,  and  the  produce  of  the  labour 
of  British  artisans. 

I have,  perhaps,  dwelt  too  long  upon  this  all- 
important  subject,  but  there  is  just  one  other 
point  I should  like  to  touch  upon.  I men- 
tioned it  in  passing  just  now,  and  that  is, 
that  apart  from  the  trade  question,  there 
is  the  question  of  State-aided  emigration. 
Of  course  we  do  not  want  to  deport  the 
flower  of  our  labour  — either  agricultural, 
or  from  the  manufacturing  centres  — but 
those  who,  like  myself,  have  an  intimate 
acquaintance  with  the  lives  lived  by  some  of 
our  people,  know  how  many  men  with  large 
families  find  it  difficult  to  make  both  ends 
meet,  and  to  find  profitable  employment  for  the 
growing  boys  and  girls  of  their  families.  In 
West  Australia  lately  they  told  me  they  were 
giving  ;^3  a week  with  a cottage  to  married 
men  for  their  labour,  and  30s.  to  single  men 
in  the  house  with  their  food.  Surely  it  is 
time  to  put  aside  the  old  prejudice  about 
being  exiled  from  home.  One  feels  just  as 
much  at  home  in  these  distant  parts  of  the 
empire  as  if  one  were  living  within  the  sounds 
of  Bow  Bells.  Everything  is  British,  although 
it  was  certainly  curious  when  I was  in  Brisbane 
on  Christmas-day,  with  the  glass  standing  at 
about  110°,  to  hear  the  carol,  “See  amid  the 
winter’s  snow.”  But  anywhere,  if  you  adapt 
yourself  to  your  surroundings,  as  you  very  soon 
would,  you  would  feel  that  the  same  elements 
really — British  flag,  British  law,  British  feeling 
—exist  in  any  part  of  the  empire  where  you 
may  settle. 

I hope  I have  not  exhausted  all  the  time  that 
is  open  for  discussion,  and  that  some  other 
views  besides  my  own  will  be  expressed.  I 
have  ventured  just  to  say  that  in  my  idea  the 
future  of  the  empire  and  the  maintenance  of 
its  greatness  and  prosperity  depend  very  largely 
on  the  promotion  of  these  two  questions,  the 
trade  question,  and  State-aided  emigration. 
At  all  events  I venture  to  hope  that  we  shall 
have  at  all  times  at  our  disposal  large-hearted 
and  large-minded  statesmen.  The  day  of  the 
Little  Englander,  as  I have  already  said,  has 
departed,  and  I am  sure  of  this,  that  a bold 
policy,  one  which  looks  at  the  matter  from  a 
high  standpoint,  and  from  the  standpoint  of 
material  interests,  will  meet  with  approval  on 
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the  part  of  the  people  of  this  country.  I very 
much  hope  that  we  shall  always  find  the  British 
spirit  displayed,  as  Tennyson  so  well  expressed 
it  when  he  said — 

“ We  sailed  wherever  ship  could  sail, 

We  founded  many  a mighty  state  ; 

God  grant  our  greatness  may  not  fail, 

Through  craven  fears  of  being  great.” 


DISCUSSION. 

Sir  M.  M.  Bhownaggree,  K.C.I.E.,  M.P., 
said  he  could  not  let  the  opportunity  pass  without 
expressing  his  appreciation  of  the  admirable  manner 
in  which  Mr.  Lowles  had  treated  his  subject.  He 
had  on  previous  occasions  read  articles  on  his  colonial 
experiences  contributed  to  some  of  the  metropolitan 
papers  by  that  gentleman,  and  had  been  led  by  their 
perusal  to  come  and  hear  this  paper  read,  and  must 
gratefully  acknowledge  that  he  had  not  been  disap- 
pointed. Mr.  Lowles  had  dwelt  with  just  pride  on  the 
great  work  done  by  past  generations  of  Englishmen 
in  founding  the  glorious  Empire  known  as  Greater 
Britain,  and  he  believed  that  all  who  had  heard 
him  were  convinced  that  but  for  the  spread  of  that 
Empire,  millions  of  human  beings  would  never  have 
enjoyed  the  privileges  and  means  of  enlightenment 
which  had  been  theirs  for  many  years.  The  keynote  of 
England’s  greatness  as  a colonising  power  was  struck 
when  Mr.  Lowles  said  that  wherever  the  British  flag 
floated,  and  the  British  soldier  planted  his  foot,  there, 
hand-in-hand,  went  freedom  and  justice,  the  two 
great  guarantees  of  the  permanence  of  British  rule 
abroad.  Other  nations,  jealous  of  Britain’s  greatness, 
had  tried,  especially  in  recent  years,  to  rival  her  in 
establishing  colonies,  but  he  felt  sure  that  they  would 
strive  in  vain  to  compete  with  her.  In  England 
freedom  had  gone  on  broadening  from  principle  to 
principle,  and  so  long  as  there  were  Britons  of  the 
type  of  Mr.  Lowles,  who,  amid  the  pressing  duties  of 
a busy  life,  found  time  to  visit  the  most  distant  parts 
of  the  empire,  and  see  for  themselves  in  what  the 
greatness  of  that  empire  consisted,  and  how  it  could 
be  maintained  and  developed;  and  so  long  as  Britain 
did  not  forget  that  the  strength  of  her  empire  lay 
in  the  maintenance  of  freedom  and  justice  among 
whatever  people  owned  her  sway,  so  long  neither 
the  competing  trade  nor  the  narrowminded  jealousy 
of  other  nations  would  be  successful  in  rivalling 
her  power  and  influence  in  different  parts  of  the 
globe. 

Mr.  W.  R.  Anthony  said  he  had  listened  with 
great  interest  to  this  paper.  He  knew  Mr.  Lowles’s 
work  amongst  the  masses  in  the  East-end,  and  how 
thoroughly  he  had  devoted  himself  to  the  study  of 
the  great  and  important  questions  Avith  which  he  had 
dealt,  and  which  not  only  all  statesmen,  but  all 
thoughful  men  should  keep  in  view,  especially  bearing 


in  mind  our  rapidly  increa.sing  population  and  the 
vast  responsibility  of  our  extended  empire.  The 
question  of  reciprocity  between  the  mother  country 
and  the  colonies  was  one  of  great  importance,  seeing 
that  we  had  in  London  alone  from  80,000  to  100,000 
persons  constantly  unemployed.  Why  should  this  be 
so  when  Providence  had  opened  a natural  door  for 
our  surplus  population,  not  as  had  been  pointed 
out  by  going  into  exile  in  a strange  land,  but  under 
the  British  flag  where  they  might  help  to  build  up  a 
great  empire  ? There  was  the  island  continent  of 
Australia  ; there  could  not  be  a nobler  destiny  for  a 
young  Englishman  than  to  go  forth  and  take  his  part 
in  building  up  an  empire  there  or  in  South  Africa. 
He  agreed  cordially  with  Mr.  Lowles  on  the  question 
of  reciprocity  with  the  colonies.  Some  years  ago  a 
great  financial  authority,  so-called,  though  he  never 
regarded  him  as  such,  thought  it  just  and  fair  to  the 
colonies  to  cheapen  the  duty  on  French  wines  and 
abolish  the  differential  duty  in  favour  of  Cape  wines, 
which  were  just  beginning  to  command  a sale,  and 
Avere  soon  squeezed  out  of  the  market.  He  thought 
there  should  be  a distinction  made  in  favour  of  our 
OAvn  flesh  and  blood  as  against  the  foreigner. 
England  had  gained  the  position  she  held  by  A'irtue  of 
free  trade,  and  he  AV’as  a freetrader,  but  that  did  not 
prevent  reciprocity  between  different  sections  of  the 
Empire  as  against  hostile  interests.  We  had  had  to 
fight  with  one  hand  tied  behind  us,  because,  as  Lord 
Salisbury  said,  Ave  had  nothing  to  give,  but  that  need 
not  preA^ent  our  trying  to  draAV  nearer  together  the 
ties  of  blood  and  felloAv-citizenship,  Avhich  should 
bind  the  Australian,  the  South  African,  and  the 
Canadian,  all  in  one  hand  Avith  the  English,  Irish,  and 
Scotchman,  and  the  Indian  in  Hindustan.  We  Avere 
all  one  great  country,  and  anything  done  in  the  Avay 
of  reciprocity  should  be  looked  at  in  that  light.  No 
one  outside  could  complain  because  they  did  not 
belong  to  the  British  Empire.  It  Avas  quite  legitimate, 
in  his  opinion,  for  a freetrader  to  advocate  reciprocity 
betAveen  the  mother  country  and  the  colonies. 
Another  point  of  great  importance  Avas  the  question 
of  national  defence.  We  had  not  a sufficient  food 
supply  in  the  country,  but  lived  in  a fool’s  paradise, 
thinking  Ave  could  never  be  blockaded  or  haA’e  to 
submit  to  a naval  defeat.  If  such  a thing  Avere  to 
happen,  Avere  they  to  be  starsed  into  surrender  as 
the  Parisians  Avere  in  the  Franco- German  A\’ar  ? It 
was  a question  Avhich  statesmen  really  ought  to  take 
into  serious  consideration.  Lastly,  Avith  regard  to 
State-aided  emigration,  though  it  Avas  perfectly  true 
that  prosperity  had  been  increasing  by  leaps  and 
bounds,  and  AA^e  had  50  per  cent.  feAver  paupers 
now  than  40  years  ago,  in  spite  of  the  increase  of 
population,  nevertheless  Ave  had  a great  many 
paupers,  Avho  might  be  very  Avell  provided  for  by 
State-aided  emigration.  He  Avas  very  glad  to  see 
the  Marquis  of  Lome,  Avho  also  represented  an 
industrial  constituency,  in  the  chair,  AA'hen  questions 
of  such  vast  importance  to  the  Avorking-classes  Avere 
brought  forAvard. 
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Mr.  James  McKillop,  M.P.,  said  the  country, 
and  even  the  Government,  were  under  a great  debt 
of  obligation  to  gentlemen  of  patriotic  spirit  like 
Mr.  Lowles,  who  went  all  over  the  world,  and 
brought  back  such  valuable  information.  The 
colonies  presented  themselves  as  the  future  field  of 
State-aided  emigration  if  necessary,  as  it  might  be, 
with  the  increased  pressure  of  population.  We  could 
not  always  be  the  manufacturers  of  the  world,  and 
population  would  no  doubt  continue  to  increase.  In 
the  near  future  the  colonies  would  start  manufactories 
of  their  owm,  thus  to  some  extent  closing  the  market 
to  British  goods,  but  there  were  large  areas  of 
unlimited  resources  available  for  emigration. 

Prof.  Wiltshire  said  they  had  received  a good 
deal  of  information  on  many  important  subjects. 
Clearly,  our  increasing  population  required  some 
means  of  exit  in  greater  degree  than  had  been 
afforded  hitherto,  and  the  colonies  were  the  countries 
to  which  we  should  look.  The  food  question  again 
was  very  important.  There  were  rumours  of  war  in 
every  direction,  and  if  England  were  not  to  be 
starved  out,  as  she  might  easily  be,  some  provision 
ought  to  be  made  against  such  a contingency. 

Captain  Yates  said,  when  he  came  home  after  a 
residence  of  17  years  in  the  East,  he  found  the 
people  of  England  knew  very  little  about  the  British 
Empire,  and  he,  therefore,  hoped  this  paper  would  be 
very  widely  distributed.  The  great  secret  of  John 
Bull’s  success  was  that,  first  of  all,  take  him  all 
round,  he  was  honest ; secondly,  he  respected  every- 
body’s religion;  and,  thirdly,  he  respected  their 
women.  That  had  been  his  experience  in  Gibraltar, 
Italy,  Aden,  Eg}^pt,  and  India,  and  so  long  as  those 
qualities  were  conspicuous,  there  was  no  likelihood  of 
the  Englishman’s  rule  proving  a failure. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
Mr.  Lowles,  said  they  were  much  indebted  to  him 
for  the  charming  panoroma  he  had  painted,  and  also 
for  the  thoughts  he  had  expressed — arising  from  his 
survey  of  almost  the  whole  of  the  English-speaking 
world,  indeed,  more  than  that,  for  he  had  included 
India.  It  was  a good  thing  for  public  men  to  adopt 
the  habit  of  what  had  been  called  “ globe  trotting,” 
and  seeing  for  themselves  what  Englishmen  over  seas 
were  doing.  Formerly  it  was  not  the  fashion,  and  he 
could  not  recall  the  visits  of  more  than  half-a-dozen 
M.P.’s  during  the  whole  time  he  was  in  office  in 
Canada ; or  indeed  of  even  so  many  rejected  candi- 
dates. He  used  to  be  rather  indignant  sometimes, 
when  he  heard  of  distinguished  Englishmen  making  a 
tour  through  the  United  States,  and  being  interviewed, 
but  not  coming  nearer  Canada  than  the  suspension 
bridge  and  the  Falls  of  Niagara.  But  that  was  all 
altered  now.  As  time  went  on,  it  became  more 
pleasant  to  travel ; hotels  were  more  numerous,  and 
were  now  excellent  both  in  Canada  and  in  Aus- 
tralia, and  no  doubt  men  would  travel  far  more  than 


they  had  been  accustomed  to.  A friend  of  his,  de- 
scribing a journey  in  Australia,  said  they  had  to  sub- 
sist for  a day  or  two  in  the  interior  on  rattlesnakes, 
and  in  some  parts  of  Canada  they  would  not  be  able 
to  get  even  that.  But  as  a rule,  so  long  as  they  kept 
to  the  beaten  track,  travelling  had  become  veiy  easy, 
and  accommodation  was  excellent  ; in  fact,  in  many 
cases  better  than  was  generally  found  in  Great  Britain. 
In  India,  people  were  willing  to  take  passages  along 
the  coast  in  steamers  by  no  means  so  well  fitted  up 
as  they  had  to  be  on  the  Australian  coast  if  the  vessels’ 
owners  wanted  to  get  any  custom  at  all.  AVhat  a 
difference  there  was,  too,  between  the  present  days  and 
the  old  in  many  other  respects.  Speaking  of  unity,  for 
instance,  in  the  days  before  the  Ll'nion,  Mr.  McKillop’s 
forefathers  and  his  own  were  all  intensely  interested 
in  what  was  called  the  Darien  Scheme,  which  was  a 
great  Scottish  scheme  of  colonisation  ; but  English 
merchants  were  so  jealous  of  the  plan  that  almost 
everybody  connected  with  it  was  ruined.  Now 
everybody,  English,  Irish,  Scotch,  and  Welsh, 
pursued  their  projects  for  increasing  their  business, 
and  were  encouraged  by  the  whole  force  of  the 
empire.  That  was  why  we  had  expanded  so  much  ; 
forces,  instead  of  being  turned  against  each  other, 
and  thus  wasted,  had  been  utilised  in  the  expansion 
of  the  empire  at  large.  Reference  had  been  made  to 
the  success  which  Great  Britain  had  attained  in 
making  subject  races  contented.  He  believed  that 
was  because  we  proceeded  in  a liberal  spirit,  and 
allowed  much  more  individual  liberty  than  other 
nations,  which  were  more  tied  up  with  bureaucratic 
red  tape.  Take  the  German,  for  instance  : he  did  not 
go  abroad  to  carry  with  him  the  institutions  of  the 
Gennan  Reich  ; he  went  to  get  away  from  them,  and 
to  escape  the  conscription.  The  Englishman  went 
with  the  express  intention  of  planting  his  own  insti- 
tutions and  the  mode  of  government  under  which  he 
had  lived,  wherever  he  went.  That,  amongst  other 
things,  had  made  us  a great  colonising  power,  and 
what  an  enormous  interest  we  got  on  the  capital  so 
laid  out.  They  had  all  listened  to  the  voice  of  a 
Canadian  in  the  person  of  Albani,  and  to  an  Aus- 
tralian in  the  person  of  Melba,  so  that  the  race, 
whether  in  Canada  or  Australia,  did  not  deteriorate 
but  was  capable  of  as  fine  development  and 
beauty  of  vocal  utterance,  as  in  the  old  country. 
With  regard  to  Klondike,  he  believed  there  would  be 
found  there,  as  in  the  rivers  of  California  and  British 
Columbia,  an  enormous  amount  of  gold  in  the  gravel. 
Whether  they  would  come  to  the  bedrock  gold  w'as 
another  question,  but  if  they  did,  the  climate,  wffiich 
was  so  teirible,  need  not  frighten  anybody,  as  they 
' could  go  to  a considerable  depth,  wffiere  the  cold 
would  not  penetrate.  One  of  the  great  benefits  of 
the  rush  would  be  that  those  who  w'ent  there,  even 
if  they  failed  in  finding  gold,  would  have,  at  aU 
events,  the  opportunity  of  seeing  wffiat  life  in  Canada 
was  like,  and  in  all  probability  a fair  sprinkling  of 
them  would  settle  down  on  the  fertile  prairies  of 
Manitoba  or  Assinboia.  He  w'as  not  anxious  for  a 
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rapid  filling  up  of  the’  country,  thinking  it  much 
better  that  colonies  should  grow  slowly,  and  consist 
mainly  of  those  who  went  to  settle,  not  of  those  who 
made  a rush  to  get  rich,  who  would  settle  anywhere 
for  a time,  and  as  quickly  depart  if  they  thought  there 
were  greater  chances  elsewhere.  Colonisation  in 
Canada  was  slow  but  sure,  and  by  that  means  they 
had  a population  more  homogeneous,  who  settled 
there  because  they  liked  the  institutions  of  the 
country  and  desired  to  live  under  the  British  flag. 
He  should  have  been  glad  to  hear  more  about 
Australia.  He  believed  the  great  project  of  con- 
federation was  now  nearing  its  conclusion,  and  he 
should  not  wonder  if  the  great  events  now  taking 
place  in  China — the  augmentation  of  the  power  of 
Japan  in  those  seas,  and  the  presence  of  Russia 
and  Germany  — made  the  Australians  think  it 
wise  to  sink  any  personal  differences  and  present 
an  unbroken  front  to  the  rest  of  the  world. 
Then  came  the  very  difficult  question  of  what  was 
called  reciprocity.  Mr.  Lowles  thought  the  best 
plan  was  for  the  colonies  to  produce  the  raw 
materials  and  for  England  to  work  them  up  ; but  he 
would  venture  to  say  that  in  every  large  colony, 
rising  into  manhood,  you  would  always  find  a strong 
desire  to  become  self-contained.  They  would  not  be 
satisfied  to  be  called,  rightly  or  wrongly,  mere  hewers 
of  wood  and  drawers  of  water ; they  would  insist  to 
some  extent  on  having  their  own  manufactures  and 
their  own  workmen.  That  being  so,  and  it  being 
impossible  to  impose  direct  taxation  on  a young 
nation,  and  indirect  taxation  being  inevitable,  it  be- 
came a question  how  much  preference  you  would  give 
them  if  they  gave  a preference  to  you  } It  could  not 
be  all  “ give”  on  one  side  ; it  must  be  “ take  ” also. 
They  would  have  to  cast  round  ultimately,  and  see 
what  preference  they  could  give  them  in  return  for 
what  they  offered.  That  seemed  to  him  w'as  the 
problem  of  the  future,  which  must  be  solved,  not  by 
one  side  being  mere  producers  of  raw  material  and 
the  other  mere  manufactures,  but  by  both  partaking 
to  a certain  extent  of  that  character.  He  entirely 
agreed  with  what  had  been  said  on  the  subject  of 
emigration  ; he  did  not  know  of  any  countiy  which 
had  expended  much  money  in  what  might  be  called 
exporting  its  own  adult  population.  Government 
might  work  for  the  interchange  of  population  in  other 
■ways,  by  cheapening  communication  for  instance 
which  W’as  a most  important  point.  He  thought  it 
would  be  w’ise  for  England  to  meet  any  offer  from 
the  colonies  for  cheapening  communication  by  a 
like  offer.  Quite  lately  the  Canadian  Government 
were  anxious  tor  a fast  steamer  service,  and  offered 
;^i04,ooo  a year  towards  the  expense.  England 
replied  that  she  would  find  ^^52,000,  just  half,  which 
he  thought  was  not  enough.  It  w’as  by  giving 
cheap  passages  to  emigrants  more  than  anything  else 
that  you  induced  people  to  change  their  domicile. 
Until  the  price  of  a passage  across  the  Atlantic  is 
reduced  below  he  did  not  think  there  would  be 
that  movement  which  they  would  like  to  see  of  adult 


people.  But  he  did  not  think  State-aided  emigration 
should  begin  with  adults,  but  with  children.  There 
W’as  a great  objection  on  the  part  of  the  colonies 
to  receive  much  adult  labour,  trades  unions  would 
be  up  in  arms  at  once,  but  there  was  not  the  same 
objection  to  healthy  children  being  sent,  if  proper 
homes  were  provided  for  them.  He  shouM  like  to- 
see  in  every  union,  or  in  every  county,  some  place 
where  children  could  be  trained,  much  as  Dr. 
Barnardo  trained  them,  to  take  part  in  colonial  life, 
both  boys  and  girls.  That  was  proceeding  along  the 
line  of  least  resistance,  and  much  might  be  done  in 
that  w’ay.  He  concluded  by  again  exjiressing  his, 
appreciation  of  the  manner  in  which  Mr.  Lowles  had 
made  his  statistics  interesting. 

The  vote  of  thanks  having  been  carried  unani- 
mously, 

Mr.  Lowles  briefly  acknow’ledged  the  same,  and 
desired  to  express  his  thanks  to  the  Marquis  of  Lome 
for  his  kindness  in  presiding. 


SEVENTEENTH  ORDINARY 
MEETING. 

Wednesday,  Apirl  20,  1898;  Sir  Douglas 
Straight,  Member  of  the  Council,  in  the 
chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society  : — 

Callan,  William,  2,  Coleman-street,  E.C. 

Cory,  John,  J.P.,  D.L.,  4,  Park-crescent,  Regent’s- 
park,  W.,  and  Duffryn,  Cardiff. 

Gray,  Matthew  Hamilton,  Lessness-park,  Abbey- 
w’ood,  Kent. 

Luttman-Johnson,  H.,  Alenho,  Ridgway,  Wimble- 
don, S.W. 

Kingdon,  G.  H.  K.,  47,  Lovely-lane,  Warrington. 
McKeone,  Henry,  18,  Addison-gardens,  AV. 

Madho,  P.  Beni,  Jodhpur.  Rujputana,  India. 

Alathers,  Edw’ard  Peter,  Glenalmond,  Beckenham, 
Kent. 

Riley,  Lionel  Vincent,  10,  Throgmorton-avenue, 

E.C. 

Walker,  James  Lewis,  178,  Queen’s-gate,  S.AV. 
Watts,  Philip,  Elswick  Shipyard,  Newcastle-on- 
Tyne. 

White,  James  Martin,  Balruddery,  near  Dundee. 
Wood,  John  Alfred,  Kenmore,  near  Eltham,  Kent, 
and  2 Coleman-street,  E.C. 

The  following  candidate  was  balloted  for 
and  duly  elected  a member  of  the  Society  : — 

Starley,  John  Kemp,  Barr’s-hill-house,  Coventiy. 

The  paper  read  was — 
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STAGE  MECHANISM. 

By  Edwin  O.  Sachs. 

Introduction. 

A movement,  known  by  the  name  of  “ Stage 
reform,”  has  of  late  }’’ears  received  some  atten- 
tion in  this  countr)\  It  originated  some  twenty 
years  back  in  Austria,  with  the  primary  object 
of  encouraging  the  greatest  possible  imitation 
of  nature  in  the  mise-en-scene  of  opera  and 
drama.  The  rudiments  of  art,  as  understood 
by  painters,  sculptors,  architects,  and  the 
cultured  public  of  the  day,  were  to  be  applied 
to  the  stage,  and  a true  scenic  art  was  to  take 
the  place  of  the  nondescript,  irrational  and 
frequently  coarse  mounting  previously  given  to 
plays.  To  facilitate  the  etforts  of  the  scenic 
artist,  the  fullest  application  of  our  modern 
sciences  (notably  of  mechanics  and  hydraulics) 
in  the  interest  of  “ Stage  reform  ” w’as  con- 
sidered essential,  and  the  introduction  of 
recent  methods  of  lighting  was  also  deemed 
necessary.  The  numerous  fatal  conflagrations, 
which  had  originated  on  the  stage,  caused  the 
question  of  protection  from  fire  to  be  closely 
associated  with  the  movement,  'W’hile  the  fre- 
quency of  dangerous  diseases  among  the 
members  of  the  dramatic  profession  preserved 
the  claims  of  hygiene  from  neglect. 

The  movement,  as  I have  said,  originated 
in  Austria,  soon  after  the  terrible  “Ring” 
Theatre  fire  at  Vienna  ; and,  on  account  of  the 
prominence  accorded  to  protective  measures 
against  fire,  much  headway  was  at  that  time 
made  in  German-speaking  countries.  Able 
exponents  were  found  among  leading  artists ; 
and  stage-managers,  architects,  engineers, 
firemen,  and  last,  though  not  least,  the 
Government  and  municipal  authorities  in- 
terested themselves  in  the  matter.  Since 
then  the  movement  has  not  only  surely  and 
gradually  developed  throughout  Austria  and 
Germany,  but  also  spread  beyond  the  frontiers 
of  those  countries.  Concurrently,  some  quite  in- 
dependent movements  also  originated  amongst 
several  other  nations,  and  though  the  pur- 
poses of  these  were  not  identical,  they  were 
very  similar.  Throughout  Europe  a transi- 
tional period  may  be  said  to  have  begun  for 
the  stage.  Up  to  the  present  time,  however, 
this  period  has  nowhere  attained  its  desired 
termination  in  any  generally  recognised  reform. 
No  definite  new  era  has  yet  been  opened,  even 
in  the  countries  w'here  the  movement  first 
obtained  a footing.  Experiments  have  been 
numerous  and  various,  and  the  failures  have 


almost  outnumbered  the  acknowledged  sue- 
cesses.  The  boldest  experiments,  with  theii 
valuable  achievements  and  costly  failures 
have,  however,  now  been  made,  so  that  littlej 
remains  to  be  done,  except  the  practica 
and  systematic  application  of  the  experiencei 
gained.  I may  here  at  once  say  that  I see 
no  reason  why  the  experimental  or  transitional 
period  of  the  movement  should  not  now  be 
superseded  by  a new  and  definite  epoch,  more 
especially  if  the  matter  is  taken  up  by  men 
who  are  free  from  fads  of  their  own. 

The  primary  object  of  the  originators  of  the 
movement,  i.e.,  the  closest  possible  imitation  of 
nature,  has  in  several  instances  already  been 
attained,  but  the  art  world,  and  the  cultured 
also,  have  found  that  this  generally  means 
crude  realism.  The  mystery  of  the  mise-en- 
scene^  so  necessary  to  a good  scenic  picture,  is 
lost,  and  much  also  of  the  so-called  “ feeling” 
of  the  spectacle  is  lacking.  Modern  science 
and  the  most  recent  methods  have  already 
been  employed  to  some  purpose  in  the  interests 
of  the  mounting,  but  stage  managers  and 
experts  have  found  that  an  extreme  moderni- 
sation of  the  scenic  artist’s  auxiliaries  often 
means  more  complication  and  uncertainty 
than  was  formerly  the  case.  The  expenditure 
incurred  by  extreme  reform  on  the  stage  has 
often  been  found  to  be  disproportionate  to  the 
advantages  to  be  gained  therefrom. 

Both  in  the  effects  to  be  obtained,  and  in 
the  methods  to  be  adopted, reform 
is  now  gradually  taking  the  place  of  radical 
reform.  There  can  be  no  doubt  that  the 
exponents  of  the  extremist  movement  have 
given  the  necessary  impetus  towards  the  im- 
provement of  the  scenery,  and  future  genera- 
tions will  be  greatly  indebted  to  them.  As  is 
usually  the  case,  however,  with  any  radical 
reform,  the  originators  of  the  movement  are 
scarcely  likely  to  see  their  proposals  adopted 
in  their  entirety.  Nevertheless,  they  may  be 
well  satisfied  that  a moderate  and  practical 
outcome  of  their  efforts  is  assured.  And  this 
is  a great  deal  when  we  consider  to  what  an 
extent  the  stage  clings  to  tradition  and  con- 
vention, and  repudiates  any  interference  from 
outsiders,  and  how  sweeping  the  proposed 
reforms  appeared  twenty  years  back. 

In  England  the  primary  object  of  “ Stage 
reform,”  the  imitation  of  nature  in  the  mise- 
en-scene  of  both  opera  and  drama,  has  cer- 
tainly found  a fair  amount  of  favour.  This, 
however,  is  virtually  due  to  the  manner  in 
which  the  public  have  associated  the  move- 
ment with  that  crude  realism  which  has  of  late 
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met  with  so  widespread  an  appreciation  in  all 
branches  of  art  and  letters.  There  has  been 
no  outcry  against  the  indifferent  mounting  of 
a play,  and  the  realism  of  a spectacle  has 
generally  been  more  appreciated  by  an 
audience  than  its  merits  as  a work  of  art. 
•“Stage  reform”  in  this  country  is  still 
associated  with  the  sensational  shipwreck, 
the  race,  or  some  other  exciting  item  of  the 
programme,  and  any  popularity  of  the  move- 
ment is  practically  due  to  the  rendering  of  such 
realistic  scenes.  There  have  not  yet  been 
many  instances  -where  art  alone  has  helped 
the  movement,  but  for  that  matter,  perhaps, 
we  have  not  seen  many  examples  of  a mise-en~ 
scene  on  truly  art  lines. 

With  ver>"  few'  exceptions,  on  a small  scale, 
no  extreme  reform  has  been  attempted  in  this 
country  as  it  has  in  Austria  and  Germany. 
This  is  largely  due  to  the  fact  that  our  actor- 
managers  have  to  rely  on  their  own  purses  or 
on  those  of  some  speculative  financier,  instead 
of  having  a certain  proportion  of  public  funds 
placed  at  their  disposal.  Our  managers  can- 
not afford  expensive  experiments.  Too  much 
risk  is  involved  in  the  sudden  departure  from 
traditions  and  conventional  usages,  and  the 
most  that  can  be  undertaken  is  a gradual 
improvement  of  the  scenery  on  the  old  lines. 
Such  improvements,  as  distinct  from  extreme 
reforms,  there  certainly  have  been.  Sir  Henry 
Irving,  of  the  Lyceum  Theatre,  is  a notable 
exponent  of  moderate  reform.  The  late  Sir 
Augustus  Harris,  our  leading  impresario, 
has  also  done  much  in  the  gradual  beautify- 
ing of  his  scenes  on  recognised  lines,  though 
he  was  frequently  hampered  by  the  fact  that 
his  productions  required  a too  realistic  mount- 
ing of  the  ultra-sensational  kind. 

If  w'e  w'ish  to  see  a mise-en-scene  on  art 
lines,  the  outcome  of  extremist  experiments, 
we  have  only  the  private  stage  at  Bushey, 
where  Hubert  Herkomer,  who  at  one  time  took 
a leading  part  in  the  movement  in  England, 
has,  at  his  own  expense,  achieved  numerous 
successes  as  a stage  - manager  and  scene- 
painter.  His  miniature  stage  has  been  a 
working  model  from  which  our  actor-managers 
have  learnt  much.  Those  who  have  had  the 
good  fortune  to  see  one  of  the  Bushey  per- 
formances will  have  realised  the  difference 
between  nondescript  mounting  and  really 
artistic  scenery'.  The  general  public  little 
knows  to  what  extent  the  efforts  of  Hubert 
Herkomer  have  affected  stage  management. 
Without  his  private  experiments,  it  is  hardly 
probable  that  even  Sir  Henry  Irving’s  stage 


w'ould  have  shown  such  improvements  as  are 
now  accepted  as  a matter  of  course. 

The  curious  feature,  however,  of  the  move- 
ment in  England,  is  not  so  much  the  absence 
of  extreme  changes  in  the  scenery  of  our 
stage,  as  the  almost  entire  absence  of  the 
application  of  modern  science  and  modem 
methods  in  the  interests  of  the  stage  manage- 
ment. Even  the  few  exceptions  which  do 
exist  generally  concern  only  the  substitution  of 
electricity  for  gas  in  stage  lighting,  or  some 
minor  or  mechanical  appliances  to  facilitate 
what  is  termed  a “quick  change.”  We  are 
for  once  untrue  to  our  national  reputation  for 
practical  adaptations ; and  this,  moreover,  in 
a case  where  there  is  unlimited  scope  for 
energetic  young  engineers.  In  this  country', 
again,  the  question  of  fire  protection  has  not 
been  associated  with  the  movement,  and  the 
advancement  of  stage  hygiene  seems  scarcely 
to  have  been  considered  by  our  exponents  of 
“stage  reform.”  The  former  omission  is,  of 
course,  quite  in  keeping  with  our  traditions. 
We  insure  our  property  and  never  consider  the 
tremendous  national  loss  by  fire,  nor  do  we 
take  measures  for  the  protection  of  life  from 
fire  until  some  great  catastrophe  has  fallen 
upon  us.  But  in  the  matter  of  hygiene,  such 
neglect  is  unusual  in  a country  w'hich  prides 
itself  on  its  leadership  in  matters  connected 
with  sanitation. 

I now  propose  to  show'  how  far  modem 
sciences  and  methods  have  already  been 
brought  into  the  service  of  stage  management, 
and  how  the  protection  of  audiences  and  of 
employes  has  been  attended  to,  as  far  as  the 
arrangement  of  stage  is  concerned.  I do  not 
intend  to  formulate  any  model  code  of  require- 
ments, or  to  describe  any  model  stage  of  my 
own.  This  paper  will  solely  indicate  examples 
of  stages  erected  during  the  last  twenty-five 
years  in  w'hich  attempts  have  been  made  to 
fulfil  modern  requirements  with  the  means  at 
our  disposal  at  the  end  of  this  great  century'  of 
technical  progress.  Earlier  examples  of  stage 
machinery  are  not  dealt  with,  as  these  can 
easily  be  explained  from  what  I shall  term  a 
typical  example  of  the  English  stage  of  to-day. 
There  is  little  difference  between  the  ordinary 
London  stage  of  1897  and  the  stage  of  1700. 
The  electric  light  may  have  incidentally  taken 
the  place  of  the  lirnelight  and  gas  of  recent 
years,  or  the  candles  and  lamps  of  an  earlier 
period,  and,  as  I have  observ'ed,  there  may 
be  some  “ tricky  ” mechanical  detail  or  slight 
improvement  in  the  minor  gear ; but  such 
unimportant  contrivances,  I am  afraid,  com- 
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plete  the  list  of  changes  made.  Even  where 
the  mise-en-scene  is  improved  so  much  as  at 
the  Lyceum  Theatre,  the  antediluvian  wood 
stage  still  remains.  London,  however,  is  not 
the  only  city,  nor  England  the  only  country, 
where  such  lack  of  progress  is  observable. 
Modern  stages  are  as  yet  rare  abroad, 
except  in  the  countries  where  stage  reform 
originated.  The  only  difference  is  that,  while 
some  of  the  oldest  and  worst  stages  in  London 
have  been  known  to  show  excellent  mounting, 
good  scenery  abroad  will,  as  a rule,  only  be 
found  on  a modern  stage  ; and  I will  here  take 
the  opportunity  to  express  my  admiration  at  the 
perfect  scenic  arrangement  of  some  of  our  plays, 
for  the  production  of  which  our  managers  are 
so  greatly  hampered  by  their  pitiable  stage 
equipment,  which  compels  them  to  have  re- 
course to  innumerable  makeshifts.  It  would, 
however,  be  impossible  for  the  London  manager 
to  do  such  excellent  work  if  he  had  to  change 
his  play-bill  daily,  as  is  frequently  the  case 
on  the  continent.  The  so-called  “set- 
pieces,”  for  instance,  could  not  then  be  so 
extensively  used  as  they  are  now.  It  is 
probable  that  plays  with  long  runs  in  which 
the  stage  carpenter’s  work  becomes  mere 
routine  have  partly  been  the  cause  of  our  tardy 
progress  in  stage  reform,  while  the  more 
complicated  requirements  of  a continually 
changing  play-bill,  must  have  assisted  the 
movement  abroad. 

Before  going  further,  I may  mention  that, 
with  a view  of  studying  modern  stage 
mechanism,  I have  personally  visited  most 
of  the  theatres  on  the  Continent  possessing 
modern  stages.  Every  facility  was  granted 
me  by  the  authorities  in  every  case,  so  that 
it  is  not  without  a full  knowledge  of  the  most 
recent  developments  that  I have  ventured  to 
address  you  to-night.  I must,  however,  as  an 
architect,  claim  your  indulgence  for  any  errors 
of  expression  in  dealing  with  a subject  which 
rightly  belongs  to  the  allied  profession  of  the 
engineer.  But,  curiously  to  say,  no  English 
engineer  seems  to  have  as  yet  given  the  stage 
and  its  possibilities  any  special  thought.  And 
what  is  more,  no  English^stage  mechanist  nor 
carpenter  has  ever  given  us  any  publication 
dealing  with  the  wood  stage  of  old  that  might 
serve  as  a basis  for  my  remarks.  I am,  there- 
fore, practically  broaching  an  entirely  new 
subject  or  section  in  that  vast  world  commonly 
known  as  “Technical  Science.” 

It  would  certainly  be  premature  to  attempt 
any  rigid  form  of  classification  in  so  new  a 
subject.  The  exact  definition  of  the  headings 


seems  to  me  practically  impossible.  It  would, 
however,  be  well  to  note  that  stages  may  readily 
be  grouped  according  to  the  materials  of  which 
they  are  constructed.  I will,  therefore,  use 
the  main  divisions  : — Wood  Stages,  Wood- 
and-Iron  Stages,  and  Iron  Stages  ; and  I will 
also  make  further  subdivisions  according  to 
the  power  chiefly  employed  in  w'orking  the 
appliances.  These  subsections  are  ; — Manual 
Labour,  Hydraulics,  Electricity.  Owing  to  the 
almost  entire  absence  of  steam  for  motive 
power  in  connection  with  stage  machinery,  a 
separate  division  for  appliances  where  steam 
is  employed  is  not  required.  I first  take  the 
Wood  Stage,  then  the  Wood-and-Iron  Stage, 
and,  lastly,  the  Iron  Stage.  Manual  labour 
is  employed  in  all  three,  but  electricity  and 
h}Mraulics  are  only  to  be  found  in  connection 
with  the  latter.  Hence  the  division  of  the 
subject  is  practically  as  follows  : — 

IVood  Stage. — Manual  labour. 

Wood-and-Iron  Stage. — Manual  labour. 

Iron  Stage. — Manual  labour,  hydraulic 
power,  electric  power. 

Before,  however,  speaking  of  the  Stage,  I 
must  particularly  call  attention  to  the  purposes 
of  the  various  classes  of  playhouses  for  which 
scenic  paraphernalia  have  to  be  provided. 
This  may  at  first  sight  appear  out  of  place, 
but  I hold  that  if  the  purposes  of  the  different 
institutions  are  borne  in  mind,  it  will  greatly 
facilitate  the  appreciation  of  the  circumstances 
which  govern  the  construction  and  w^orking  of 
stages,  and  the  structural  asw^ell  as  the  economic 
difficulties  which  have  to  be  overcome.  I must 
also  remind  you  of  the  necessity  for  studying 
the  planning  of  a modern  playhouse,  more 
especially  in  regard  to  the  stage  and  audi- 
torium, for  it  should  be  clearly  remembered 
that  stage  mechanism  is  not  everything,  but 
that  the  sighting  and  acoustic  properties  have 
to  be  considered.  The  outlines  and  dimensions 
naturally  depend  in  the  first  place  on  the  respec- 
tive requirements  of  the  stage-management  or 
owner  ; but  in  the  same  way  as  the  lines  of  the 
auditorium  are  essentially  governed  by  the 
proscenium  opening,  the  setting-out  of  the 
stage  is  regulated  by  the  height  and  width  of 
this  all  important  feature.  Many  stages  have 
so-called  rear  or  back  stages,  the  dimensions 
of  w'hich  are,  how^ever,  dictated  mainly  by  the 
facilities  to  be  afforded  for  obtaining  certain 
effects.  Altogether  I would  emphasise  the  fact 
that  the  engineer  who  wishes  to  give  attention 
to  the  subject  of  stage  construction  must  fully 
comprehend  the  requirements  and  possibilities, 
and  it  is  absolutely  essential  that  he  should  not 
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only  know  the  wishes  of  an  individual  client, 
but  also  the  varied  policies  or  makeshifts 
necessar}'  under  ditferent  circumstances,  and 
above  all  in  different  countries.  In  my  work, 
“Modern  Opera  Houses  and  Theatres,”  and 
in  various  papers  read  before  the  Ro}'al  Insti- 
tute of  British  Architects,  the  Architectural 
Association,  and  elsewhere,  I have  already 
spoken  of  the  very  different  manner  in  which 
theatre  construction  is  treated  by  the  architects 
of  the  Continent,  as  compared  with  the  way  in 
which  it  is  dealt  with  in  this  country.  I have 
laid  some  stress  on  what  I might  almost  term 
the  difference  of  “feeling”  which  pervaded 
theatre  architecture,  and  it  would  not  be  out 
of  place  to  repeat  that  there  exists  a consider- 
able distinction  between  the  artist  and  leader 
of  his  profession,  who  is  responsible  for  the 
Continental  building,  and  his  more  practical 
confrere  of  our  own  metropolis. 

In  the  same  way  as  there  is  a decided  con- 
trast in  the  character  of  those  responsible  for 
the  erection  of  theatres  in  this  country  as  com- 
pared with  those  on  the  Continent,  so  there  is 
a wonderful  difference  in  the  Jersonnel  re- 
sponsible for  the  construction  and  working  of 
the  stage.  With  few  exceptions,  the  con- 
struction of  our  stages  is  in  the  hands  of  a 
stage  carpenter,  who  has  had  no  exceptional 
advantages  in  the  way  of  technical  training, 
and  whose  position  in  the  theatre  is  hardly 
better  than  that  of  any  foreman  of  artisans. 
Abroad,  even  for  the  construction  of  wood 
stages,  the  commissions  are  given  to  fully 
qualified  engineers  who  hold  influential  posi- 
tions in  their  profession.  More  particularly, 
in  German  - speaking  countries,  there  is  a 
distinct  calling  of  stage  engineering,  and 
though  some  few  of  the  present  leaders  may 
have  risen  from  the  ordinary  stage  carpenter 
this  profession  is  practically  now  only  com- 
posed of  men  whose  preliminary  training  alone 
often  approaches  that  of  our  Royal  Engineers. 
The  body  of  stage  engineers  includes  men 
with  exceptional  powers  of  initiative,  as  may 
be  judged  from  the  examples  of  hydraulic  and 
electric  stages  which  I propose  to  show,  and 
the  way  in  which  the  work  is  usually  executed, 
Also  displays,  I am  glad  to  say,  such  full  con- 
sideration for  the  requirements  of  the  scenic 
artist,  as  is  but  seldom  found  where  the  in- 
Iterests  of  art  and  science  clash.  In  several 

I nstances  even,  the  stage  engineer  takes 
also  the  position  of  “ director  of  scenery  ” 
’Artistischer  Leiter),  and  is  held  responsible 
i or  all  stage  effects,  including  the  design  of 
he  scenery,  which  is  prepared  under  his 


supervision.  This  last-named  combination  of 
offices  in  one  man,  I certainly  do  not  hold 
with,  and  I would  add  that  the  arrangement 
is  but  rarely  successful.  I prefer  to  see  the 
mounting  of  a play  in  the  hands  of  a scenic 
artist  of  recognised  standing,  to  whom  the 
engineer  and  the  principal  of  the  painting 
room  should  be  able  lieutenants,  and  not 
collaborators  on  an  equal  footing.  One  mind 
alone  should  govern  the  mounting  of  a play. 
All  the  larger  theatres  of  the  Continent,  it 
is  noticeable,  employ  permanent  engineers 
whose  appointment  is  mostly  in  the  gift  of 
the  owner,  and  is  held  continously  irrespective 
of  any  change  in  management,  lesseeship,  or 
varying  appointment  of  scenic  artist. 

It  is  not  my  intention  to  indicate  how  much 
the  scope  of  the  engineer  depends  on  the  indi- 
vidual in  charge  of  the  stage — in  other  words, 
the  stage  manager,  lessee,  or  actor-manager, 
as  the  case  may  be — nor  do  I wish  to  speak  of 
the  various  circumstances  on  which  depends 
the  amount  of  attention  the  mounting  of  a play 
receives,  what  effects  are  attempted,  and  what 
methods  are  employed.  All  this  would  lead 
too  far,  though,  to  repeat,  it  is  essential  for  the 
theatre-engineer  to  be  versed  in  the  varied 
requirements  that  he  may  be  called  upon  to 
consider.  I cannot,  however,  when  speaking 
of  the  modern  stage,  omit  some  mention  of 
expert  opinion  on  scenic  art  and  its  auxiliaries, 
for  nothing  has  so  materially  influenced  the 
recent  development  of  stage  mechanism  as  the 
candid  criticism  of  recognised  authorities. 

In  the  first  place,  let  us  look  at  the  question 
purely  from  the  artist’s  point  of  view.  The 
distinguished  artist,  Hubert  Herkomer,  holds 
“ that  the  real  secret  of  perfect  scenic  art  lies 
in  illusion,”  i.e.,  in  visual  deception,  or  in  not 
allowing  the  eye  of  the  spectator  to  discern  the 
means  whereby  the  semblance  of  reality  is 
obtained.  Mere  actuality  will  not  accomplish 
this  any  more  than  good  painting  Jer  se.  It 
is  in  the  attempt  to  get  absolutely  ever}'  requi- 
site effect  by  painting  that  so  much  mystery  is 
lost  on  the  stage,  for  the  scenic  artist’s  art 
should  be  as  much  concealed  as  that  of  the 
actor.  It  should  not  be  too  manifest  whether 
a background  is  painted  or  modelled  any  more 
than  that  an  actor  is  “ made  up  ” or  appears 
in  his  natural  form.  Let  us  remember  that  an 
actor  whose  wig,  for  instance,  is  so  badly  fitted 
that  his  own  hair  was  visible,  would  not  be 
tolerated  for  a moment,  and  yet  the  public  will 
accept  a street-scene  painted  on  a canvas  that 
is  moved  by  ever}^  draught,  a rose  bush  cut  out 
of  thin  boards,  or  a moon  rising  very  quickly 
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Straight  up  the  sky  and  then  remaining  station- 
ary. Do  not  forget  that  it  is  quite  safe  to  let 
down  a wobbly  sheet  of  canvas  close  to  the 
footlights,  with  a scene  painted  thereon  repre- 
senting breakers  dashing  over  the  rocks,  and 
perhaps  a sinking  ship  in  the  distance,  to 
which  the  actor  may  have  to  refer  in  his 
speech.  It  is  safe  to  have  layers  of  canvas 
hanging  from  the  “sky”  like  so  much  wash- 
ing hung  on  a line ; and  certainly  but  few 
have  ever  questioned  the  prerogative  of  the 
“ firmament  ” to  come  together  at  right  angles 
in  the  corner.  Why,  it  would  take  almost  a 
volume  to  describe  the  many  anomalies  of 
scenery  constantly  observed  on  the  London 
stage. 

Again,  from  the  stage  engineer’s  point  of 
view,  authorities  abroad  have  published 
opinions  which  are  not  so  very  unlike 
Herkomer’s.  They  assume  that  the  desire 
for  realism  which  pervades  the  19th  century 
has  completely  changed  the  ends  and  aims 
of  modern  scenic  art.  The  decorative  artist, 
like  the  actor,  must  know  how  to  be  in  earnest. 
Actor  and  scene  painter  alike  must  above  all 
so  labour  that  the  audience  shall  forget  that 
they  are  within  the  four  walls  of  a theatre. 
But  our  old  stage  methods  prevent  the 
realising  of  such  an  aim,  and  the  impression 
of  an  audience  that  they  are  only  witnessing 
a play  is  often  far  too  palpable.  Why  have 
the  horizon  cut  horizontally  by  a crease, 
showing  where  the  cloth  has  to  be  canked  ? 
Why  let  our  beautifully  - painted  panoramic 
scenes  jerk  along  according  to  the  jerky 
manner  in  which  the  scene-shifter  handles  his 
drums  ? The  panoramic  scenes  may  cost 
_;j^i,ooo,  and  yet  the  simplest  mechanical 
contrivance  to  ensure  their  smooth  working  is 
grudged  and  the  effect  entirely  spoilt. 

Surely  this  is  not  as  it  should  be.  Does 
it  not  seem  curious  that  in  these  enlight- 
ened times  the  theatre  should  still  have 
to  develop  behind  the  back  of  society,  and 
that  the  memory  of  the  former  condition  of 
things  still  clings  to  matters  theatrical  ? Truly 
the  actor  of  to-day  is  treated  well  enough  by 
society ; he  is  no  longer  a vagabond  and  a 
stroller.  Nevertheless,  the  stage  still  occupies 
an  exceptional  position  ; it  is  still  to  a large 
extent  ignored  by  the  State  and  by  Science. 
Let  us  look  at  the  matter  even  from  the  most 
prosaic  point  of  view — its  commercial  aspect. 
Science  has  turned  industrial  ; she  tins  meat 
and  condenses  milk,  but  she  has  not  troubled 
herself  about  the  stage.  We  employ  the  same 
wasteful  methods  as  if  modern  science  were 


non-existent.  Surely  it  is  time  to  wake  up  to 
the  necessities  of  modern  entertainment ! 

Now  this  paper  is  obviously  intended  to 
deal  with  modern  stage  mechanism,  and  it 
is  hence  necessary  that  I should  allude 
to  the  wooden  stages  which  are  being  built 
every  day  in  the  metropolis  and  in  the  pro- 
vinces, and  which,  by  some  curious  anomaly, 
embody,  as  far  as  we  are  concerned  in  this 
country,  our  modern  forms  of  equipment, 
though  this  equipment,  with  but  trifling  excep- 
tions, is  identical  with  what  we  have  been  used 
to  for  the  last  200  years. 

Wood  Stages. 

The  English  wood  stage  which  we  have  be- 
fore us  is  what  I would  term,  the  most  elemen- 
tary form  of  stage  mechanism  that  the  world 
possesses,  the  mechanism,  if  we  really  take 
mechanism  in  its  true  sense,  being  almost  nil^ 
and  the  design  and  detail  showing  but  the 
crudest  forms  of  carpentry  as  practised  two 
centuries  ago.  The  example  of  an  English 
stage  of  which  I am  showing  you  these  draw- 
ings, is  in  every  way  typical  of  what  exists  but 
a few  hundred  yards  from  you  at  the  moment, 
in  this  great  centre  of  mechanical  knowledge. 
It  is  a stage  which  is  intended  for  the  average 
theatre,  which  has  a proscenium  about  30  feet 
wide,  and  measures  60  feet  between  its  main 
walls.  It  is  not  my  purpose  to  go  into  tech- 
nical detail,  but  you  will  observe  from  drawings 
that  we  have  a series  of  so-called  “bridges” 
and  “ sliders,”  four  sets  in  all,  in  front  of 
which  is  the  usual  “grave  ” trap  and  the  two 
“star”  traps  through  which  the  fairies  and 
demons  respectively  appear.  We  see  the 
stage  floor  with,  below  it,  a so-called  “ mezza- 
nine ” and  “ cellar,”  whilst  above  it  we  have  a 
pair  of  “ fly  galleries  ” and  a “ gridiron.” 

Now,  in  a few  words,  how  does  this  stage 
work  ? First  of  all  remember  that  the  plan  of 
the  floor  governs  the  general  design  of  the 
stage,  inasmuch  as  the  series  of  “flies”  or 
“wings”  generally  have  to  coincide  with  the 
position  of  the  main  “bridges,”  and  that  the 
whole  of  the  constructional  work  is  set  out  in 
connection  with  these  openings.  Imagine  next, 
that  from  front  to  back,  the  stage  is  divided  ; 
into  a number  of  sections  of  about  equal  width, 
coinciding  with  the  position  of  the  “ bridges,” 
and  that  each  section,  which  is  defined  in  its 
extent  by  the  position  of  the  wings  and  borders 
above,  has  its  approaches  from  each  side  by 
what  are  known  as  “entrances.”  The  “ wings ’L 
on  this  wooden  stage  are  simply  pushed  on 
and  off,  sometimes  with  the  aid  of  “ grooves  | 
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hung  from  the  “flies,”  sometimes  simply  run 
on  and  screwed  into  position.  The  “ borders,” 
which  belong  to  each  pair  of  “ wings  ” and 
backcloths,  are  hung  from  the  “ gridiron  ” and 
are  pulled  up  or  lowered  by  a simple  system  of 
“shafts,”  drums  and  windlasses  worked  from 
the  “ flies.”  If  you  want  anything  to  appear 
from  below,  say  to  raise  a “ bridge  ” with  some 
scenery  or  people,  you  find  that  the  boarding 
moves  off  from  right  to  left — “ slider”  fashion 
— to  make  room  for  the  “ bridge  table  ” ; and 
this  table  is  also  worked  in  the  most  elementary 


we  thus  get  the  built-up  scene  in  which  every- 
thing is  screwed  together,  and  enormous  com- 
binations of  staging,  canvas,  &c.,  known  as 
“rostrums,”  “heavy  sets,”  and  the  like. 
Clumsiness  prevails  in  everything  ; and  in  the 
theatres,  under  the  most  enlightened  manage- 
ment, the  only  variations  we  sometimes  find 
are  in  the  form  of  improved  clips,  or  bracket.s 
or  struts,  or  some  other  little  contrivance  to 
help  join  the  various  parts  of  a scene  to- 
gether ; contrivances,  by -the -bye,  which, 
even  in  themselves,  though  improvements. 


Wood  Stage:  Covent  Garden  Opera  House,  London.  General  View, 


manner  by  the  aid  of  drums,  &c.,  from  the 
mezzanine  level.  Each  cloth, each  “bridge,”  or 
each  “wing,”  is  moved  separately  by  hand,  or 
at  times  individual  pieces  may  be  coupled  to- 
gether to  a limited  extent.  lu  other  words,  a 
scene  is  put  together  by  dint  of  all  manner  of 
manual  exertion,  assisted  by  the  roughest 
forms  of  roping  and  haulage  imaginable.  To 
obtain  anything  like  good  effects,  the  skeleton 
of  the  so-called  machinery  at  the  disposal  of 
the  scenic  artist  is,  in  fact,  made  but  little  use 
of  now-a-days  ; nothing  takes  its  place,  and 


would  cause  much  amusement  to  the  skilled 
mechanic. 

But  then,  let  us  see  what  a stage  of  this 
description  is  like  in  one  of  our  larger  theatres, 
where  the  number  of  “bridges”  may  be 
eight  or  more  and  the  roping  becomes  com- 
plicated. Here  is  a general  view  of  the  Covent 
Garden  Theatre  stage.  1 also  show  you  the 
“ flies  ” with  their  mass  of  roping,  their  endless 
canvasses,  &c.,  and  yet  this  photograph  gives 
but  a very  flattering  description  of  what  the 
actual  appearance  of  the  place  is.  Here 
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is  another  view  taken  on  the  “ gridiron.” 
Similarly,  you  can  see  what  the  “flies”  look 
like  on  the  Drury  Lane  stage,  and  I take  the 
opportunity  to  show  you  a photograph  of  part  of 
the  “ gridiron  ” floor  of  this  stage  so  that  you 
may  appreciate  the  reason  of  its  name.  Let  us 
then  take  Her  Majesty’s  Theatre,  the  latest 
of  our  London  playhouses,  and  there  we  find 
that  though  there  is  a great  improvement  in 
the  form  of  a flat  stage  in  place  of  the  sloping 
floor  of  old,  all  the  makeshifts  of  a wooden 
stage  as  planned  a hundred  years  ago  are 
still  to  be  found.  In  the  auditorium  of  that 
theatre,  as  you  well  know,  everything  that 
modern  science  can  give  us  has  been  tried,  but 
behind  the  scenes — well,  we  had  better  not 
speak  about  it.  And,  yet,  remember  that  on 
this  stage  we  find  some  of  the  finest  painted 
scenery  that  London  has  ever  seen  in  Mr. 
Beerbohm  Tree’s  production  of  “Julius 
Caesar.”  If  you  were  to  step  behind  the 
curtain,  however,  and  see  how  this  enormous 
mass  of  canvass  and  wood  is  built  up,  you 
would  not  only  appreciate  the  difficulties 
experienced  in  obtaining  the  effects  which 
are  obtained,  but  also  what  possibilities  there 
would  be  on  a modernly-equipped  stage.  And 
further,  if  you  remember  that  though  the 
canvasses  are  so  beautifully  painted  we  still 
have  all  the  ridiculous  anomalies  of  skies 
hanging  like  strips  of  linen,  back  walls  blown 
to  and  fro  and  oscillating  in  every  draught,  you 
will  marvel  that  where  there  was  certainly  a 
•desire  to  give  us  the  best  that  art  could  produce 
the  science  of  to-day  has  been  so  entirely 
overlooked. 

Here  I should  perhaps  add  a word  to  tell 
you  that  the  wood  stage  of  the  Continent, 
though  built  up  on  very  antediluvian  lines,  is 
yet  a considerable  improvement  on  our  own. 
For  we  find  there,  even  in  the  wooden  stage, 
the  “ chariot”  for  moving  the  wings,  and  many 
other  improvements.  The  planning  of  the  stage 
floor  also  is  far  more  practical,  inasmuch  as  it 
.gives  the  scenic  artist  greater  opportunities. 

WOOD-AND-lRON  STAGE. 

But  let  us  next  proceed  to  the  wood-and-iron 
stage,  which  is  occasionally  of  Continental 
origin,  based  on  the  more  improved  wood-stage 
mechanism,  with  the  great  difference,  however, 
that  where  iron  could  take  the  place  of  wood, 
iron  has  been  substituted. 

Of  course  the  largest  wood-and-iron  stage 
which  we  have  is  that  of  the  Paris  Opera  House, 
but  here  iron  has  been  limited  to  the  merely 


constructional  parts,  such  as  the  “ gridiron,”' 
the  “flies,”  the  stage-floor  and  mezzanine! 
levels.  None  of  the  actual  appliances  are  olj 
iron.  Though  every  attempt  was  made  byi 
Charles  Gamier,  the  architect,  to  obtain  some 
practical  improvements  upon  the  stage  when 
the  Paris  Opera  House  was  built,  he  en- 
countered so  much  prejudice  that  it  became 
impossible  for  him  to  do  what  he  intended.  A 
plan  here  shows  you  the  great  extent  of  the 
Paris  Opera  House  stage,  and  at  the  same 
time  how  the  stage  floor  is  divided  up.  From 
the  section  you  will  also  see  the  main  lines, 
but  with  the  exception  of  the  “ chariot”  already 
referred  to,  I think  we  may  take  it  that  all  the 
principal  parts  are  worked  on  the  same  lines 
as  the  Continental  wood  stage  of  old,  and  that 
there  is  nothing  that  is  really  modern  in  its 
design.  To  emphasise  what  I here  say,  I show 
you  a view  of  the  under-machinery,  enormous, 
no  doubt,  in  its  dimensions,  but  a simple 
repetition  of  what  you  have  seen  on  the  English 
wood  stage.  Look  at  the  cumbersome  drums 
you  will  find  in  theatres  built  during  the  pre- 
ceding century,  and  look  at  the  ‘ ‘flies’  ’ with  their 
enormous  mass  of  roping.  I cannot  take  you 
through  other  composite  stages  of  this  kind, 
such  as  the  Rotterdam  stage,  the  Schwerin 
stage,  and  others,  all  of  which  show  some 
improvement  on  the  wooden  stage,  and  which 
in  one  form  or  another  also  show  the  adoption 
of  iron  construction.  The  importance  of  the 
Rotterdam  stage  among  modern  stages  is  due 
to  the  fact  that  it  is  a w^ood-and-iron  stage  ol 
average  dimensions,  in  which  the  former 
material  predominates,  the  latter  having  only 
been  employed  for  some  main  structural  parts 
and  for  minor  details.  At  the  same  time, 
there  are  distinct  improvements,  both  in  the 
arrangement  of  the  upper-machinery  and  the 
under-machinery,  as  compared  with  that  oi 
the  old  wood  stage.  The  old  “drum  and 
shaft”  has  been  excluded  for  hoisting  pur- 
poses, and  the  pulley  takes  its  place  on  the 
gridiron  level.  The  principal  parts  of  the 
under-machinery  have  also  been  put  together 
more  systematically  than  before.  At  Schwerin 
the  iron  windlass  and  pulley  takes  the  place 
of  the  wooden  shaft  and  block.  At  Rotterdam 
the  “chariots”  which  are  employed  are  ol 
particularly  light  construction.  The  greater 
lightness  of  everything  on  these  stages  is 
perhaps  one  of  their  most  important  features. 

To  only  one  other  wood-and-iron  stage 
would  I here  refer,  because  it  gives  me 
particular  pleasure  to  point  to  an  instance  in 
which  some  attempt  has  been  made  to  improve 
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matters  in  London.  The  stage  of  what  is 
inown  as  the  “ Palace  Theatre  of  Varieties,” 
but  was  formerly  D’Oyly  Carte’s  English 
Opera  House,  is  the  one  of  which  I would 


ments.  This  is  the  only  instance  that  I can 
find  in  England  where  a stage  has  been 
planned  with  some  regard  to  the  needs  of 
modern  times. 


Wood  and  Iron  Stage  : National  Opera  House,  Paris.  Vifav  of  Under  Machinery. 


jpeak.  The  designer  is  Mr.  Walter  Dando, 
who  has  patented  many  of  his  improvements, 
and  practically  gives  us  a Continental  wood- 
and-iron  stage  modified  to  suit  English  require- 


IRON  Stagp:s. 

Let  us  now  pass  to  the  iron  stage.  My  first 
example  of  an  iron  stage  worked  by  manual 
power  is  that  at  Amsterdam,  which  shows  an 
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exceptionally  clear  disposal  of  all  the  more  im- 
portant appliances  of  the  earlier  stage  with 
material  improvement.  This  Amsterdam  ex- 
ample presents  a very  perfect  piece  of  metal 
-construction,  in  which  the  extended  require- 
ments of  the  more  elementary  stage  have  been 
fulfilled  without  unnecessary  complication,  and 
it  also  forms  an  excellent  connecting  link  be- 
tween an  instance  of  a wood  and  iron  stage, 
as  at  Schwerin,  and  the  more  advanced  types 
of  stage  mechanism.  The  stage  is  self-con- 
tained, and  surrounded  by  a thick  wall,  with 
only  such  openings  in  it  as  are  necessary  for 
the  due  performance  of  the  “ business  ” of  the 
theatre.  It  is  sufficiently  lofty  for  its  purpose, 
but,  unfortunately,  difficulties  in  the  founda- 
tions did  not  allow  the  architect  to  give  the 
•‘‘under-machinery”  any  considerable  depth. 
Its  design  is  based  on  the  lines  of  the  old 
■German  wood  stage,  and  as  an  adaptation  of  a 
-different  material  to  the  principles  involved, 
the  Amsterdam  stage  is  in  many  respects  a 
model  example.  It  should  be  particularly 
noted  that  there  has  been  no  attempt  at  radical 
•“  Stage  reform”  in  this  case,  but  simply  an 
endeavour  to  modernise  and  elaborate,  under 
the  special  difficulty  of  want  of  depth  for 
under-machinery.  In  this  instance,  manual 
labour  has  not  been  replaced  by  steam  or 
hydraulics,  and  yet  the  design  ranks  high 
amongst  the  most  modern  examples  of  stage 
mechanism.  The  designer  is  Karl  Lauten- 
jschlaeger,  who  also  arranged  the  Schwerin 
w'ood  and  iron  stage  just  referred  to,  and  hence 
many  of  the  same  characteristics  are  observ- 
able in  both. 

Another  example  which  I would  c'as  nfy  with 
the  Amsterdam  stage  is  that  of  the  Christiania 
National  Theatre,  where  the  designer  was 
Herr  Rudolph,  of  Vienna. 

Our  next  example  is  that  of  an  iron  stage 
•W'orked  by  hydraulic  power,  which  in  its  first 
form  was  designed  by  the  “ Asphaleia  ” syndi- 
cate. I would  here  refer  you  to  a paper  describ- 
ing the  advantages  of  the  “ Asphaleia”  system 
which  was  read  in  this  room  some  ten  years  ago, 
but  I must  at  the  same  time  say  that  much  which 
was  then  promised  by  the  promoters  of  this 
.system  has  not  been  fulfilled,  and  that  the 
•“Asphaleia”  stage,  as  designed  17  years 
back,  to-day  counts  among  the  clumsiest  first 
attempts  at  radical  reform,  and  does  not 
satisfy  the  modern  demand  for  easy  and 
straightforward  working  of  the  stage  with  due 
-economy  and  lightness.  As  a matter  of  fact, 
the  “Asphaleia”  stage  is  a very  unwieldy 
piece  of  mechanism.  Nevertheless,  we  must 


appreciate  the  serious  attempt  made  at  i 
radical  reform  in  1881,  and  thank  the  “ 
phaleia”  syndicate  for  showing  us  what  i 
must  avoid.  The  “ Asphaleia  ” stage  wasji 
costly  experiment,  but  it  was  certainly  C 
pioneer  of  hydraulic  stage  mechanism. 

Summarised,  the  purpose  of  the  “Asphalei; 
syndicate  w'as  to  construct  everything  of  me  1 
work,  in  order  to  minimise  the  inflammabil  ■ 
of  the  stage.  Secondly,  to  make  every  partf 
the  stage  floor  moveable,  and,  what  is  mo , 
to  allow'  a section  of  the  floor  to  move  aboveji 
below  stage  floor  level  at  will,  to  enable  tlf 
stage  floor  and  sections  of  it  to  slope  in  at 
direction,  and  to  give  it  the  greatest  possiU 
elasticity.  Next,  the  syndicate  aimed  at  d^4 
pensing  entirely  with  manual  labour,  at 
permitting  everything  to  be  w'orked  from  gII 
point  only  and  regulated  by  a single  mechanu 
The  power  to  be  employed  both  above  aft 
below  the  stage  w'as  hydraulic.  It  also  h| 
great  ambitions  as  to  scenic  effect,  and  t| 
dangling  border,  the  angular  wing  and  t( 
straight  back  cloths,  were  very  wisely  doj 
away  with  to  make  room  for  the  curved  horiz  I 
and  more  artistic  set  pieces.  The  realisati  \ 
of  the  artistic  ideals  put  forward  were,  I a 
glad  to  say,  found  not  only  practicable  but  alji 
highly  effective,  yet  as  regards  the  mechanic*, 
ideals — such  as  the  idea  of  one  man  at 
keyboard  working  the  whole  of  the  sta] 
machinery  for  a large  opera — this  was  fouij 
neither  economic  nor  reliable. 

Among  stages  on  which  the  “Asphaleia 
system  has  been  tried  are  those  of  Bu( 
Pesth,  Halle,  Prague,  and  Chicago.  As 
the  Buda  Pesth  Opera  House,  the  plan  go 
far  to  explain  the  divisions  of  the  stage  floo 
and  to  show  how  the  flooring  is  supportf 
on  hydraulic  rams  which  can  be  moved  froi 
the  various  levels.  As  I have  said  before,  it 
impossible  for  me  to  go  into  details  in  a pap' 
of  this  description,  but  I am  sure  you  will  I 
able  to  appreciate  this  clever  attempt  at  radici 
reform  from  which  stage  mechanism  learnt  s 
much. 

This  “ Asphaleia  ” stage  of  1881  was  followe' 
but  a few  years  afterwards  by  the  inauguratio 
of  the  first  hydraulic  stage  on  suspended  prir' 
ciples,  and  the  example  I would  name  is  th& 
of  the  great  Hofburg  Theatre  at  Vienna,  whic! 
in  many  ways  shows  us  the  most  perfect  piec| 
of  stage  mechanism  worked  by  hydraulic  powe| 
that  the  world  has  yet  seen.  It  is  true  that  th 
stage  of  the  Hofburg  Theatre  was  built  regard! 
less  of  expense,  and  therefore  is  not  perhapl 
an  example  of  economic  stage  mechanism! 
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' 5ut  it  was  the  intention  to  make  the  construc- 
on  a model  in  every  respect,  and  we  should 
erhaps  congratulate  the  promoters  on  their 
access  in  this  direction.  We  have  here  only 
) a limited  extent  an  example  of  an  attempt  at 
idical  reform  ; we  have  far  more  an  example 
f practical  reform.  Thus  we  find  that  the 
rinciples  of  construction  usually  adopted  on 
le  foreign  wooden  stage  as  regards  “flies,” 
back  cloths,”  “chariots,”  &c.,  have  been 


Again,  unfortunately,  I cannot  go  into  detail, 
and  I have  to  limit  myself  to  saying  that,  both 
in  its  entirety  and  in  the  most  minute  section 
of  the  equipment,  perfection  has  here  been  very 
nearly  reached ; perhaps,  however,  I should 
I add  that  I hold  the  example  goes  a little  toa 
I far  in  the  application  of  hydraulics  to  working 
! the  upper  machinery.  The  regular  working  of 
j this  upper-machinery,  with  the  possibility  of 
! transferring  the  ropes  on  to  hydraulic  “jiggers” 
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An  Iron  Stage:  Vienna  Hofburg  Theatre  under  Machinery. 


etained,  and  that  the  modifications  are 
mited  to  the  lighter  construction,  fine  metal 
.’ork,  and  the  application  of  indirect  hydraulic 
•ower  in  lieu  of  manual  labour.  Similarly, 
hough  the  stage  floor  is  even  more  cut  up  and 
lore  elastic  than  the  “ Asphaleia  ” stage,  the 
uspended  system  applied  here,  which  allows 
ir  the  appliances  to  be  worked  by  cables  and 
lulleys,  gives  us  a far  more  practical  stage,  in 
/hich  there  is  no  blocking  of  under-machinery 
•y  heavy  vertical  rams  and  the  like. 


the  moment  heavier  loads  have  to  be  raised, 
would  perhaps  better  fulfil  the  purposes  of  this 
theatre.  The  designer  of  this  stage  is  Herr 
Brettschneider,  of  Vienna. 

Now,  whilst  the  “ Asphaleia”  stage  showed 
us  a system  where  the  hydraulic  ram  was 
applied  in  its  crudest  form,  and  the  Vienna 
Hofburg  stage  showed  us  the  application  of 
1 the  suspended  system,  we  have  on  the  other 
! hand  the  so-called  Brandt  system,  applied  by 
I Herr  Fritz  Brandt  in  many  of  the  leading 
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German  institutions.  In  a few  words,  we  might 
say  that  we  here  have  the  modern  Continental 
wood  stage  modified  and  elaborated  suitably 
for  construction  in  the  lightest  forms  of  iron- 
work, and  one  which,  though  worked  by  labour 
for  all  ordinary  purposes,  allows  for  the  appli- 
cation of  hydraulics  wherever  larger  effects 
become  necessary.  In  regard  to  the  stage 
fioor  in  particular,  I would  point  out  that  the 
large  “bridges”  are  raised  by  a combination 
of  one  central  ram  and  wires  suspended  from 
pulleys.  In  calling  attention  to  Herr  Brandt’s 
system,  I also  take  the  opportunity  of  saying 
that  I hold  his  appliances  to  be  of  the  utmost 
importance  in  the  annals  of  modern  stage 
mechanism,  for  his  work  at  the  Berlin  Court 
Theatres  and  elsewhere  embodies  much  that  is 
perfect,  and  will  serve  as  a basis  for  further  in- 
stallations. Whilst  the  stages  of  Buda  Pesth 
and  Vienna  have  a more  elaborate  equipment, 
the  application  of  hydraulics,  as  shown  in 
Brandt’s  system,  is  nothing  if  not  practical  and 
economical,  and  shows  us  what  can  be  done 
without  having  recourse  to  the  extremist 
methods  and  appliances  advocated  by  the 
original  leaders  of  the  stage  reform  movement. 
His  stage  appeals  particularly  to  the  manager 
who  wishes  to  economise  at  the  expense  of  his 
working  staff  without  incurring  too  great  an 
outlay  of  capital. 

I now  come  to  my  last  example.  Having 
dealt  with  the  iron  stage  worked  by  manual 
labour  and  several  examples  in  which  hydraulic 
power  is  applied,  let  me  speak  of  an  iron  stage 
worked  by  electricity,  but  which  at  the  same 
time  embodies  the  principles  of  the  turn-table, 
so  well  known  on  a small  scale  in  the  tableaux 
vivants  we  have  had  of  late  years.  This  is 
the  latest  development  of  stage  mechanism. 
To  speak  briefly,  we  have  here  the  floor  in  the 
form  of  one  enormous  frame,  sub-divided  into 
a number  of  “ bridges,”  the  frame  being 
circular  in  shape,  and  running  on  wheels  like 
the  turn-table  of  the  tableaux  vivants.  By  an 
ingenious  arrangement  of  exact  sub-division 
the  “bridges  ” in  this  frame  can  be  worked 
by  one  set  of  rams,  on  the  quarter  round,  the 
half  round,  and  the  three-quarter  round.  The 
electrical  power  used  is  both  economical  where 
power  is  generated  in  the  theatre,  and  harnly 
in  this  way,  that  the  possibility  of  moving  the 
appliances  giving  the  necessary  power  is 
particularly  easy.  As  to  the  system  on  which 
the  turn-table  is  worked,  I would  only  refer 
you  to  this  large  plan  in  which  an  opera  set  at 
Munich  is  clearly  shown.  The  ease  with  which 
scenes  can  be  set  without  long  waits  is  re- 


markable, and  though  we  may  not  go  to  th 
extreme  of  setting  three  scenes  ahead  as  1 
shown  to  be  the  case  in  the  series  of  play' 
before  us,  it  is  certainly  particularly  simple  t< 
be  able  to  set  two  scenes  ahead,  for  instance; 
in  such  short  scenes  as  we  find  in  Shakespear 
and  many  of  the  modern  operas.  I have  littl( 
doubt  that  the  electro-motor  will  be  the  powe 
of  the  future  on  the  stage,  though  combined 
where  the  heavy  weights  of  “ under -ma 
chinery  ” are  concerned,  with  hydraulic  power 
The  electro-motor  is  particularly  suitable  fo 
the  “ upper  - machinery  ” and  minor  stagt 
etfects.  For  the  “ under-machineiy,”  I stil 
prefer  the  hydraulic  power  applied  on  th( 
suspended  system.  One  word  of  warning  t( 
those  who  may  care  to  apply  the  electro-motor 
Do  not  fall  into  the  same  error  as  the 
“ Asphaleia  ” syndicate  did  when  first  apply 
ing  hydraulics  to  the  stage.  Excessive  em- 
ployment of  the  electro-motor  should  be 
avoided  as  well  as  excessive  centralisation 
As  to  the  turn-table,  the  contrivance  is  ne 
doubt  very  ingenious ; but  its  future  lies  only 
in  those  theatres  which  are  devoted  to  granc, 
opera,  grand  drama,  and  great  spectacular, 
etfects.  It  should  also  not  be  forgotten  that 
the  turn-table  become  unwieldly  if  constructed 
to  very  large  dimensions. 

And  now,  before  I close,  a few  words  as  to 
what  has  been  done  in  England  as  far  as  the 
iron  stage  is  concerned.  I was  fortunate  in 
being  able  to  point  to  Mr.  Walter  Dando’s 
wood-and-iron  stage  as  the  one  English 
example.  It  had,  indeed,  been  originally  in- 
tended that  this  wood-and-iron  stage  should  be 
an  iron  one.  But  monetary  reasons  prevented 
this.  This  is  the  only  proposal  I have  heard 
of  for  an  iron  stage,  and  that  proposal,  as  you 
see,  was  not  acted  upon.  Up  to  the  present 
moment,  I regret  to  say,  there  is  not  a single 
iron  stage  in  the  United  Kingdom.  While  in 
many  countries  on  the  Continent  they  are 
rapidly  becoming  popular,  we  had  not  one 
instance  where  iron  work  and  modern 
mechanical  power  has  been  systematically 
applied.  And  this  curiously  enough  although 
a patent  was  taken  out  as  early  as  1875,  deal- 
ing with  hydraulic  appliances,  and  tried,  by 
Mr.  Brown,  of  Edinburgh.  The  only  other 
instance  where  English  hydraulic  appliances 
have  been  tried  was  in  the  Lyric  Theatre,  in 
which  a set  of  small  “ bridges  ” were  set  up 
by  Messrs.  Bunnett  and  Clark.  Lastly,  how- 
ever, we  have  at  Drury  Lane  two  very  large  ' 
lifts,  measuring  40  feet  by  7 feet  each,  built  in 
Austria,  designed  on  the  “Asphaleia”  prin-  ' 
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iple,  now  17  years  old,  and  installed  at  the 
nstance  of  the  late  Sir  Augustus  Harris.  By  a 
urious  anomaly,  we  have  thus  had  to  import 
nechanism  from  the  Continent,  while  English  j 
ngineers  have  stood  aside  and  let  this  new  j 
ndustry  of  stage  mechanism  grow  without  ^ 
carcely  knowing  of  its  existence.  What  is 
nore,  we  have  imported  appliances  which 
a their  construction  are  unsuited  to  English 
)urposes,  and  in  their  clumsiness  only  too 
•learly  show  us  that  we  ought  to  take  up  the 
natter  ourselves.  The  extent  and  value  of  these 


of  course,  that  the  papers  told  us  how  last 
autumn  the  water  in  the  lock  burst  out,  and 
the  whole  of  the  Drury  J.ane  .stage  was 
under  water  ; how  the  actors  all  had  to 
swim  for  their  lives,  and  many  other  funny 
stories.  But  I assure  you  a little  mishap 
which  did  occur  was  not  due  to  any  fault  of 
the  appliances,  whatever  may  be  the  advantages 
or  disadvantages  of  the  design  in  the  actual 
examples.  Further,  I would  add,  that  in  the 
seventeen  years  in  which  hydraulic  appliances 
have  been  used,  there  has  been  no  accident 


Plan  of  the  Electric  Turntable  Stage  for  the  Munich  Opera  House. 


ippliances  for  large  stage  effects,  such  as  are 
practised  at  Drury  Lane  is,  however,  only  too 
veil  known,  and  the  beautiful  transformation 
icene,  called  the  “ Coronation  Scene,”  in  the 
ast  pantomime  owes  its  success  particularly  to 
hese  appliances.  Similarly  the  “ Heath  ” scene 
n the  “ White  Heather,”  with  its  sloping  hill- 
iide,  was  successfully  done  with  the  aid  of 
hese  appliances,  and  the  same  applies  to  the 
‘lock”  scene,  in  which  so  many  boats 
p*adually  rose  to  upper  water  level.  It  is  true. 


due  to  their  mechanism,  their  reliabilit}’  having 
been  particularly  satisfactory.  Skilled  appli- 
ances, however,  require  skilled  handling,  and 
the  most  reliable  of  appliances  will  not  work  re- 
liably if  there  is  any  unreliability  in  their  hand- 
ling. These  words  may  indicate  to  you  the  cause 
of  the  Drury  Lane  accident,  as  I cannot  go  into 
detail.  But  to  repeat,  modern  stage  mechanism 
has  the  advantage  of  being  a very  sure  auxiliary 
to  the  stage  manager,  and  the  accident  in 
I question  in  no  way  modifies  this  assertion. 
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Conclusion. 

There  is  no  doubt  that  before  long  con- 
siderable improvement  will  have  to  be  made  in 
the  present  condition  of  mechanism  on  the 
English  stage,  and  already  a marked  tendency 
towards  a practical  issue  of  the  movement  of 

Stage  reform  ” is  apparent.  Quite  a number 
of  those  engaged  in  theatrical  enterprise  are 
fully  alive  to  the  defects  in  the  old  wood  stage, 
and  I believe  that  were  some  influential  manager 
to  make  a forward  move  regardless  of  the 
prejudice  with  which  every  new  proposal  in 

Stageland  ” is  greeted,  many  would  follow 
his  lead.  It  would  undoubtedly  require  a man 
of  conviction  and  determination,  for  there  is 
nothing  more  difficult  than  stage  management 
when,  for  instance,  the  stage  carpenter,  with 
antiquated  notions,  too  frequently  shows  con- 
tempt for  the  lessee’s  innovations. 

Such  a step  as  that  recently  taken  by  Herbert 
Beerbohm  Tree  at  Her  Majesty’s  Theatre  was 
■of  greater  importance  than  is  generally  under- 
stood, for  he  introduced  into  this  country  for 
the  first  time  a flat  stage,  and  its  use  has 
simplified  everything  in  connection  with  stage 
mechanism.  The  sloping  stage  has  always 
tt)een  a hindrance  to  those  who  desired  to 
adopt  some  mechanical  power  for  the  working 
or  the  handling  of  the  scenery.  The  sloping 
stage  always  added  to  the  first  outlay  for  any 
innovation  of  this  description.  The  flat  stage 
had  been  tried  and  used  successfully  on  the 
Continent  for  a considerable  time,  and  in  the 
United  States  it  has  for  years  been  a popular 
improvement  in  every  modern  theatre.  Never- 
theless, the  prejudice  and  ridicule  with  which 
Beerbohm  Tree’s  idea  of  introducing  the  flat 
stage  into  London  first  met  was  almost 
astounding,  and  even  after  its  advantages  had 
been  recognised  there  are  many  who  would  at 
once  attribute  any  mishap,  even  of  the  most 
trivial  kind,  that  might  occur  on  the  stage  of 
Her  Majesty’s  Theatre  to  the  absence  of  the 
usual  slope. 

The  late  Sir  Augustus  Harris  did  much  for 
stage  improvements  when  he  decided,  contrary 
to  the  advice  of  many,  to  try  hydraulic  pow’er 
on  the  Drury  Lane  stage  ; and  his  successor, 
Arthur  Collins,  is  to  be  congratulated  on  the 
fact  that  he  saw  the  ideas  of  his  predecessor 
carried  out,  uses  the  various  appliances  placed 
at  his  disposal,  and  is  at  present  considering 
further  similar  material  improvement  to  the 
stage  he  now  controls.  And  in  connection 
with  this  it  should  not  be  forgotten  that  Drury 
Lane  had  to  close  its  doors  on  account  of  an 


accident  in  connection  with  the  new  install, 
tion,  a fact  that  would  have  prevented  . 
narrow-minded  man  from  using  such  appt- 
ances  again.  Whilst  many  of  the  opponeh 
of  modern  improvements  rejoiced  over  th 
accident,  the  broader  minded  did  not  fail 
remember  that,  not  many  years  ago,  the  ope 
ing  of  a Drury  Lane  season  had  to  be  po; 
poned  on  account  of  a not  unsimilar  collaps 
then,  however,  due  to  the  clumsy  appliances  ' 
the  wood  stage  of  old.  And  Mr.  Collins  ah 
had  the  advantage  of  knowing  what  is  beir 
done  elsewhere,  and  what  economy  means. 

The  descriptions  I have  given,  and  t 
opinions  I have  quoted  will,  I trust,  be  of  sor 
use  to  those  who  wish  to  follow  the  examj 
that  has  already  been  set  them  by  Beerboh 
Tree,  Augustus  Harris,  and  Arthur  Collins, 
trust  also  that  the  descriptions  may  in  sor 
slight  measure  give  an  impetus  to  many  w. 
have  not  as  yet  considered  the  question 
“ Stage  reform,”  but  have,  without  mu< 
thought,  utilised  the  methods  and  applianci 
which  they  have  inherited  from  their  ancestor 
and  perhaps,  at  the  most,  are  doing  no  more 
improve  them  than  grumble  at  their  inefficiencj 
In  any  case  these  illustrations  should  give 
insight  into  what  progress  has  been  made  r 
to  the  present  time  in  other  countries  in  rega;j 
to  stage  mechanism. 

I think  that  those  who  have  listened  to  th 
address  will  agree  that,  though  extremi' 
measures  may  have  been  useful  owing  to  tl 
impetus  given  to  the  desire  for  improvemei 
generally,  the  idea  |of  their  organisation  ofte, 
went  too  far,  and  that  the  outcome  of  the 
eiforts,  such  as  those  which  produced  tl 
“Asphaleia”  stage,  lacked  those  practici' 
qualities  which  might  have  led  to  genenj 
adoption.  On  the  other  hand  it  will  have  beei 
seen  that  those  whose  endeavours  w^ere  directei 
solely  towards  the  practical  embodiment  of  thei. 
ideals,  have  materially  assisted  in  the  advanc 
of  stage  mechanism. 

It  is  curious  indeed  that  w'e  have  not  beei! 
able  to  hold  our  owm  in  work  of  this  description' 
as  compared  with  Austria  and  Germany,  and  i^ 
is  lamentable  that  in  a country  noted  for  it; 
mechanical  .skill,  an  institution  such  as  thf 
theatre  and  its  stage,  which  particularly  requin 
the  attention  of  the  engineer,  should  have  beer, 
so  lamentably  neglected.  To  my  mind  it  i^ 
not  a question  of  expenditure  ; and  I woulc, 
emphasise  this  as  I have  so  often  encountereo 
the  argument  that  stage  improvements  ancj 
“ state  subsidies  ” must  go  hand  in  hand  ; foij 
the  foreign  private  theatre,  a commercial  conn 
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cern  “on  all  fours  “ with  similar  institutions 
I in  this  country,  has  also  been  able  to  show 
I such  advances.  There  is  not  the  slightest 
1 doubt  that  for  a small  London  theatre,  a flat 
stage,  with  modern  appliances  and  methods, 
would  be  economical,  and  the  same  may  also 
be  said  of  the  large  opera  stage  and  the  large 
variety  stage.  On  the  one  hand  manual  labour 
I may  be  retained,  and  on  the  other  h}'draulics 
I may  be  introduced  ; but  with  good  designing, 

I there  is  not  the  slightest  doubt  that  the  capital 
j which  must  be  necessarily  sunk  will  be  a pro- 
fitable investment,  owing  to  the  decrease  in 
I annual  expenditure  both  for  labour  and  repairs, 

I and  the  absence  of  outla}^  for  the  adaptation  of 
I scenery. 

I Until  within  a few  years  ago  many  associated 
I with  the  stage  of  this  country  considered  that 
I all  improvements  were  questions  of  experiment, 

I and  that  experiments  would  be  far  too  expen- 
i sive  for  the  ordinary  actor-manager.  I cannot 
t but  repeat  that  I hold  the  experimental  period 
I to  have  passed,  and  that  we  are  indebted  to 
many  of  our  foreign  [friends  for  lessons  and 
' examples  which  they  have  only  learnt  by  great 
j*  expenditure  of  labour  and  money. 

( In  conclusion,  I trust  my  treatment  of  so 
I lew  a subject  will  not  only  be  of  practical 
I utility  to  those  already  interested  in  the 
development  of  the  modern  stage,  but,  above 
I ill,  will  draw  the  attention  of  those  who  have 
i!  lot  given  much  thought  to  the  matter,  to  the 
great  possibilities  that  exist  for  mounting  our 
; ilays,  not  only  in  accordance  with  the  facilities 
offered  us  in  this  era  of  progress,  but  also  with 
ess  danger  from  fire,  with  less  risk  of  accident 
,0  those  employed,  and  with  greater  ease  and 
i iconomy.  Why  should  we  not  take  a leading 
I losition  in  stage  equipm.ent,  banish  the  dan- 
I ^erous,  unhealthy,  impractical  and  expensive 
I vood  stages,  and  make  room]  for  something 
I ar  better  now  that  we  are  approaching  the 
I JOth  century  ? 

I 

[A  large  number  of  drawings,  photographs,  and 
.ketches  of  stages  were  shown  on  the  screen  and 
:xplained  and  criticised  by  Mr.  Sachs.  Reference 
vas  also  made  to  a collection  of  draidngs  exhibited^ 
Vmong  the  stages  of  which  illustrations  were  shown 
vere  the  following  : — A typical  wood  stage ; Drury 
-ane ; Covent  Garden  ; Her  Majesty’s ; Court  Theatre, 
)resden ; Court  Opera  House,  Vienna ; National 
)pera  House,  Paris  ; Municipal  Theatre,  Rotterdam  ; 
^alace  Theatre,  London ; Court  Theatre,  Schwerin  ; 
Municipal  Theatre,  Amsterdam  ; National  Theatre^ 
Christiania;  the  “ Asphaleia  ” system.  Municipal 
Theatre,  Halle  ; National  Opera  House,  Buda  Pesth  ; 
iofburg  Theatre,  Vienna  ; Court  Theatre,  Berlin  ; 


Court  Opera  House,  Munich ; special  appliances  at 
Drury  Lane.] 


DISCUSSION. 

Mr.  George  Bernard  Shaav  said  his  experience 
of  the  theatre  both  as  critic  and  author  was  not  much 
concerned  with  stages  such  as  Mr.  Sachs  had  been 
describing.  It  was  not  easy  in  England  to  get  much 
money  expended  in  theatres  unless  people  saw*  value 
for  their  money.  For  handsome  dresses  and  things 
of  that  kind,  where  everybody  could  see  the  muni- 
ficence of  the  management,  many  thousands  of  pounds 
would  be  spent  to  produce  about  sixpennyworth  of 
effect,  but  if  you  wanted  very  elaborate  machinery 
behind  or  beneath  the  stage,  which  instead  of  making 
the  public  think  how  extremely  rich  and  liberal  the 
manager  was  prevented  them  thinking  about  him  at 
aU,  and  simply  made  them  think  of  the  play,  it  w’as 
very  hard  to  get  the  money  for  it.  One  of  the  diffi- 
culties of  dealing  with  this  question  was  that  any 
stage-manager  of  experience  would  tell  you  that  many 
of  these  things  "were  never  wanted  in  practice.  He  said 
that  it  was  all  very  well  to  be  able  to  set  half  a dozen 
scenes  and  twirl  them  round  one  after  another  when 
you  wanted  them,  but  he  got  on  very  well  on  the  old 
system.  The  fact  remained,  however,  that  the  absence 
of  these  facilities  prevented  authors  writing  plays  in 
which  they  could  be  made  use  of.  No  author  w'anted 
his  play  made  ridiculous,  and  if  he  had  a great  number 
of  scenes,  the  patience  of  the  audience  was  exhausted 
while  the  curtain  was  down  and  the  scenes  were  being 
set,  or  w’hen  there  was  a front  scene  going  on,  to  give 
the  opportunity  to  set  the  next  scene  behind  it.  He  had 
recently  seen  a representation  of  the  tragedy  of  “ Mac- 
beth,” which  e-vidently  had  not  been  very  well  pre- 
pared, as  there  was  apparently  a good  deal  of  difficulty 
behind  the  scenes.  Those  wffio  had  read  or  seen  the  play 
would  remember  what  an  effect  was  produced  by  the 
knocking  at  the  gate  at  the  conclusion  of  the  murder 
scene,  but  on  this  occasion  the  nerv’es  both  of  the  actors 
and  the  audience  were  spared  any  shock  of  that  kind, 
because  there  was  such  a hammering  going  on  behind 
in  preparing  for  the  next  scene,  that  the  dramatic 
knocking  at  the  gate  passed  quite  unnoticed.  Such 
things  were  very  common,  except  at  the  very  long- 
run  theatres  at  the  West-end,  and  even  in  them  you 
often  got  most  ridiculous  effects.  Everyone  re- 
membered the  production  of  “Hamlet”  by  Mr. 
Forbes  Robertson,  a very  delightful  performance  in 
many  ways,  and  one  very  fine  effect  w'as  densed  by 
the  scene  painter  in  the  ghost  scene.  As  the  ghost 
melted  off,  the  scene  gradually  changed  from  the 
ramparts  to  the  sea-shore.  The  horizon  was  all 
perfectly  dark — at  least,  as  dark  as  a stage  ever  w’as, 
and  then  you  had  the  gradual  breaking  of  the  dawn. 
That  was  an  excellent  effect,  but  what  had  you  to 
look  at  } There  were  a lot  of  things  at  the  sides, 
and  a decently  painted  cloth  at  the  back,  but  the 
actual  rocky  coast  itself  w’as  represented  by  a great 
expanse  of  wooden  floor  which  destroyed  all  sense 
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of  illusion,  and  rather  from  the  influence  of  associa- 
tion led  one  to  expect  the  entree  of  a troupe  of  ballet 
dancers.  He  did  not  know  if  there  was  any  remedy 
for  that  sort  of  thing.  Again,  there  was  the  question 
of  stage-lighting.  A few  years  ago  Mr.  Alexander 
put  on  “The  Prisoner  of  Zenda,”  and  spared  no 
expense  over  it.  There  was  a scene  in  the  second  act 
in  which  you  saw  the  sunset  through  a pine  forest, 
which  was  a very  pretty  effect.  In  the  front  of  the 
stage  was  a tree,  which  you  could  almost  imagine  to 
be  real,  and  at  the  root  of  it  was  Mr.  Alexander  lying 
down  just  as  a man  would  in  a German  forest,  except 
that  his  clothes  looked  a little  too  new  and  smart. 
Now  before  becoming  a dramatic  critic  he  had  had 
some  experience  as  an  art  critic,  and  at  the 
period,  when  one’s  wits  had  to  be  sharpened  to 
see  whether  a man  had  really  painted  a picture 
in  the  open  air  or  under  the  excellent  north  light 
of  St.  John’s-wood  ; so  the  moment  he  looked  at 
that  scene,  he  saw  that  the  light  in  which  Mr. 
Alexander  was  lying  was  intolerably  feeble  and  weak. 
When  you  had  the  strong  effect  of  the  sunset  at  the 
back,  the  foreground,  to  any  person  with  an  eye,  was 
absolutely  impossible.  Unless  you  kept  your  eye 
rivetted  on  the  back  and  ignored  the  front  of  the 
stage  altogether,  there  was  no  possibility  of  believing 
it.  Even  at  Bayreuth,  where  the  clouds  and  all  the 
meteorological  effects  were  managed  very  well,  in  the 
final  scene  of  “ The  Rhein  gold,”  where  there  was  a 
rainbow  at  the  back  of  the  stage,  and  the  gods  went 
up  across  the  rainbow  bridge  to  the  castle,  the  whole 
effect  depended  on  the  eyes  of  the  audience  being 
rivetted  on  the  rainbow;  otherwise  even  the  gods 
looked  dull  and  shabby.  Of  course  the  audience 
could  never  see  more  than  one  thing  at  a time, 
if  they  could  see  that,  but  the  tolerance  of 
audiences  was  constantly  declining  ; he  used 
to  look  at  things  in  his  youth  without  turning 
a hair,  which  nobody  would  stand  now,  and  the 
question  was  how  to  keep  up  with  the  opening  of  the 
eyes  of  the  public.  Coming  to  the  electric  revolving 
stage,  on  which  you  could  set  a great  many  scenes 
which  should  appear  in  rapid  succession,  he  believed 
it  would  add  immensely  to  the  effect  of  melo- 
dramatic plays  of  rapid  action,  such  as  were 
found  in  the  Elizabethan  drama  where  you 
had  a story  rapidly  told  in  a succession  of  short 
scenes,  rapidly  changing.  He  had  written  a play, 
which  had  proved  fairly  successful  in  America,  in 
which  he  was  in  something  of  a difficulty  because  in 
the  third  act  he  wanted  to  present  three  scenes 
successively;  He  had  not  gone  to  America  to  see  it 
acted,  but  he  knew  very  well  what  it  was  like.  The  first 
scene  was  a front  scene,  with  a cloth  hanging  down 
representing  nothing  in  particular,  squeezing  the  two 
actors  right  down  to  the  footlights,  and  the  carpenters 
behind  almost  jogging  their  elbows  so  that  they  had 
to  play  very  hard  to  hold  the  attention  of  the  audience. 
Then  the  cloth  would  be  rolled  up  and  the  actors 
could  get  a little  further  back,  and  there  Avas  a large 
and  handsome  judge’s  chair  which  concealed  behind 


it  a gallows,  which  came  into  operation  in  the  thinj 
scene.  He  should  much  prefer  to  have  a revolvin;| 
stage  on  which  you  could  have  three  decent  sets  Avhicl| 
would  change  rapidly,  because  it  would  be  muclj 
better  for  the  play.  It  would  afford  much  mor«i 
scope  for  the  author  if  you  could  have  twenty-six  o‘ 
twenty-seven  scenes  to  follow  one  another  straight  on 
but  with  a revolving  stage,  when  the  first  scene  hac 
been  disposed  of,  the  set  could  be  changed,  and  sc 
on  continually,  and  in  that  way  you  might  have  sucl 
a development  of  plays  of  quick  action,  that  befon 
very  long  one  might  actually  arrive  at  a state 
things  when  a theatre  would  really  be  a place  01 
amusement. 

Mr.  J.  Mulholland  said  everyone  would  agree  thai 
in  England  we  were  far  behind  the  continent  in  man) 
stage  requirements,  but  in  watching  the  developments 
which  had  taken  place  there  he  saw  several  reason^ 
Avhy  the  same  things  could  not  be  expected  hen 
in  the  near  future.  The  conditions  were  entirel) 
different.  On  the  continent  there  was  State  01 
municipal  aid  for  the  manager  who  endeavoured  tci 
produce  plays  artistically;  here  there  was  nothing 
of  the  kind.  Theatre  building  took  its  initiative! 
in  the  speculative  architect,  who,  having  found  ; 
suitable  site,  next  found  a speculati\e  capitalist, 
who  looked  simply  for  a good  return  on  his  in- 
vestment, and  always  had  before  his  eyes  the' 
authorities  at  Spring-gardens,  who  might  step  in 
at  any  moment  and  require  an  expenditure  of  ;^3,ooc 
or  ;^4,ooo  on  matters  which  they  had  not  before 
deemed  necessary.  For  theatres  in  London,  the 
improvements  Mr.  Sach5  had  described  Avere  hardly 
required,  and  the  other  class  of  theatres  Averel 
the  suburban  and  provincial  houses,  AAdrich  were' 
confined  to  six-night  runs  of  plays  sent  on  tour 
already  equipped  Avith  most  of  their  scenery  ; and 
these  theatres,  even  if  they  had  these  appliances, 
could  not  use  them  because  of  the  stage-manager 
Avho  travelled  Avith  the  scenery  of  the  plays,  and  Avas 
a most  appalling  person.  If  you  suggested  anything 
to  him  as  an  improvement  he  AA’ould  not  hear  of  it. 
Some  time  ago  he  built  in  one  of  his  theatres  a 
thunder  apparatus — a series  of  traps  and  grooves 
doAvn  Avhich  cannon  balls  were  rolled,  producing  an 
excellent  imitation  of  thunder,  far  superior  to  the  old- 
fashioned  thunder,  Avhich  resulted  from  shaking  a 
sheet  of  iron  held  at  one  corner,  but  when  he 
suggested  that  this  apparatus  should  be  used 
on  one  occasion,  the  travelling-manager,  Avho  had 
brought  his  oaa'u  tea-tray  with  him,  would  not  hear  of 
it.  That  sort  of  thing  prevented  the  introduction  of 
many  of  the  improvements  which  Mr.  Sachs  recom- 
mended. He  must  also  say  that  in  some  cases, 
plays  were  overloaded  Avith  scenery  ; there  Avas-  i 
merely  a streamlet  of  play  meandering  through  a I 
meadoAv  of  scenic  effect.  Referring  to  the  Hamlet 
scene,  of  Avhich  Air.  Shaw  had  spoken,  the  daybreak  , 


detracted  to  his  mind  from  the  effectiveness  of  the  | 
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play,  because,  instead  of  listening  to  the  words  of 
Shakespeare,  he  could  not  keep  his  eyes  and  mind 
off  the  gradually-brightening  dawn.  Some  years  ago 
he  remembered  seeing  a play  in  which  the  moon 
was  made  to  rise,  and  it  rose  fairly  smoothly ; 
but  still  the  moon  worried  him ; it  interfered 
with  the  language  of  the  dramatist  and  the 
acting  of  the  performers.  Some  time  ago  he 
saw  a play  at  the  old  Haymarket,  when  considerable 
alterations  were  made  to  admit  of  a shipwreck ; it 
was  not  the  be-all  and  end-all  of  the  scene  ; it  was 
not  dragged  in  for  the  sake  of  effect,  but  was  quite 
incidental  to  the  story.  The  w'inds  howled  very 
respectably,  the  ship  rocked,  and  the  waves  roared 
and  tumbled  about  in  a very  satisfactory  manner  ; but 
while  all  that  was  going  on  he  did  not  hear  more 
than  one  word  in  ten  of  the  dialogue,  and  therefore 
he  considered  the  scene  a mistake.  The  scenery  of  a 
play  should  only  be  the  background,  the  environ- 
ment : it  should  not  be  so  pronounced  and  aggressive 
as  to  interfere  in  any  w'ay  with  the  action  of  the  play, 
which,  after  all,  was  “ the  thing.”  He  had  seen  some 
verj*  magnificent  productions  at  leading  theatres, 
where  the  very  magnificence  of  the  scenery  detracted 
from  the  true  artistic  effect  of  the  play.  At 
the  same  time,  he  did  not  mean  to  say  that  there 
was  no  room  for  improvement  in  stage  machinery. 
On  the  contrary,  he  held  there  was  a good  opening 
for  any  one  who  would  build  a theatre  possessing 
some  of  these  modern  appliances,  and  when  one  had 
shown  the  way  no  doubt  others  would  follow. 

Mr.  Alfred  Moul  said  he  hoped  some  million- 
aire or  philanthropist  would  come  forward  and  carry 
out  Mr.  Sachs’  suggestions.  By  the  courtesy  of  the 
Buda  Pest  officials,  he  was  allowed  some  time  ago  to 
examine  the  stage  there,  and  his  first  thought  on  see- 
ing it  was,  if  he  had  such  a stage  what  could  he  not 
do  ? But  before  he  had  finished  his  examination  he 
telt  glad  that  he  had  not  got  it,  and  thought  that  if 
he  had  he  should  not  know  what  to  do.  When  he 
came  back  and  saw’  the  resources  of  the  stage  for 
which  he  had  been  responsible  for  some  vears,  he 
saw'  there  w’as  a great  deal  to  be  done,  but  he  re- 
flected that  it  w’ould  cost  so  much  money  as  to 
preclude  any  chance  of  a dividend,  and  so  prudently 
refrained  from  suggesting  anything  of  the  kind  to 
his  directors.  That  was  the  great  secret  of  the  tardy 
progress  in  stage  matters  ; the  note  w’hich  Mr. 
•Sachs  rather  glibly  alluded  to  went  very  quicldy,  and 
gave  very  little  result.  He  found  that  the  stage  at 
Buda  Pest  cost  some  ;^6o,ooo,  a sum  which  no  board 
of  directors  or  actor-manager  would  care  to  invest 
without  a very  definite  prospect  of  deriving  a sub- 
stantial benefit,  and  he  did  not  think  from  what  he 
saw  at  Buda  Pest  that  there  was  any  great  result, 
even  in  an  artistic  sense,  achieved ; he  came  away 
convinced  that  he  could  put  a much  more  artistic 
production  on  the  Alhambra  stage  than  anything 
he  saw  there.  At  the  same  time,  he  w’as  quite 
conscious  that  we  were  much  behind  in  England,  and 


' hoped  the  philanthropist  or  millionaire,  who  had  been 
referred  to,  w’ould  speedily  be  found. 

Mr.  W.  Dando  thought  Mr.  Sachs  could  not  mean 
to  seriously  suggest  that  the  first  effort  at  really  artistic 
, productions  was  made  about  20  years  ago,  because 
many  years  before  that  there  were  exceedingly  beauti- 
ful and  artistic  scenes  painted  by  the  elder  Telbin, 
the  brothers  Green,  William  Beverley,  and  others,  and 
there  w’ere  many  fine  scenes  in  store  at  Covent 
Garden,  which  it  would  be  difficult  to  beat  even  by 
the  most  modern  German  artists.  He  had  seen  Prof. 
Herkomer’s  stage  at  Bushey  and  some  of  his  sets, 
but  it  must  be  remembered  that  many  of  these  took 
several  months  in  building  upon  the  stage,  and  it  was 
impossible  to  move  them,  so  that  the  system  adopted 
there  was  utterly  inapplicable  to  an  ordinary  stage. 
Again,  the  stage  was  so  arranged  that  you  could  not 
see  them  ; there  was  no  orchestra  and  no  footlights, 
in  fact,  there  was  no  stage  to  speak  of,  it  was  not 
much  more  than  a toy  stage,  and  the  methods 
adopted  could  never  be  employed  on  a large  scale. 
He  had  had  something  to  do  with  the  Palace  Theatre 
stage,  and  Sir  A.  Sullivan  and  Mr.  D’Oyley  Carte 
made  many  experiments  there  with  the  view  of  doing 
aw^ay  with  the  footlights,  but  it  was  absolutely  im- 
possible. The  hydraulic  system  had  been  partially 
adopted  both  at  the  Lyric  Theatre  and  Drury 
Lane  and  also  in  the  provinces,  but  he  believed  the 
mistake  w’as  often  made  of  not  having  sufficiently 
skilled  men  to  w’ork  the  apparatus.  In  one  of  the 
suburban  theatres  where  he  was  superintending  the 
production  of  a piece  for  Mr.  Buchanan,  he  wanted 
two  or  three  little  things  hung  from  the  gridiron,  but 
found  there  was  no  provision  for  anything  but  the  most 
absolutely  necessary  appliances,  and  on  inquiry  he 
ascertained  that  the  whole  cost  of  the  stage,  including 
drums  and  ropes,  was  about  Li(>o,  yet  the  theatre  was 
floated  for  ^^50,000  or  60,000. 

Mr.  John  Leighton,  said  he  was  afraid 
the  English  people  would  never  be  satisfied  to 
do  as  they  did  at  the  Theatre  Fran^ais  in  Paris, 
without  an  orchestra,  and  with  very  few  scenes,  but 
w’ith  first-class  acting. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
•Mr.  Sachs,  said  they  had  already  had  the  opinions  of- 
experts  on  this  question  ; he  could  only  speak  as  an  , 
old  playgoer,  dating  back  to  1857  or  thereabouts,  and 
^having  seen  the  revivals  of  the  Shakesperian  plays  at 
the  Princesses’  by  Charles  Kean.  He  was  bound  to 
say  that  he  thought  very  gigantic  strides  had  been 
made  in  the  way  in  which  the  author’s  ideas  were . 
illustrated  on  the  stage.  He  had  a strong  objection 
to  the  highly-sensational  productions  where  the  whole  , 
object  to  be  achieved  seemed  to  be  to  show  how 
people  could  eat  a luncheon  on  the  stage  in  the  way 
they  did  in  ordinary  life.  He  remembered  his  old 
friend,  Palgrave  Simpson,  once  playing  in  a 
piece  called  “The  Frozen  Deep,”  in  which  he 
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had  to  come  in  and  say  he  was  starving;  un- 
fortunately, as  he  did  so,  he  looked  up  and  saw  a 
ham  and  pickles  painted  on  the  side  of  the  scene, 
which  somewhat  disconcerted  him,  as  it  was  flagrantly 
inconsistent  with  his  statement.  That  sort  of  thing 
did  happen  a good  deal  in  the  old  days,  but  he  hoped 
it  was  now  quite  a thing  of  the  past.  He  feared  he 
should  not  live  to  see  introduced  all  that  Mr.  Sachs 
recommended,  but  he  was  sure  that  the  valuable 
suggestions  he  had  made  would  be  marked  by  those 
interested,  and  that  to  some  extent,  at  least,  good 
results  would  follow. 

The  vote  of  thanks  having  been  passed  unanimously, 

iSIr.  Sachs,  in  reply,  said  there  was  no  doubt  the 
Buda  Pesth  stage  was  much  too  elaborate,  which  was 
probably  the  reason  it  cost  so  large  a sum.  With 
regard  to  hydraulic  machinery,  he  believed  Mr.  Dando 
had  hit  the  right  nail  on  the  head  in  suggesting  that 
any  occasional  failure  in  action  had  been  due  to  want 
of  skill  in  the  operators,  not  to  any  defect  in  the 
machinery  itself. 


Obitua]@y. 


T.  R.  Tufnell. — Mr.  John  Robert  Tufnell,  J.P., 
Chairman  of  the  Royal  Mail  Steam  Packet  Company, 
whose  death  occurred  at  Ouchy,  Switzerland,  on  the 
I St  inst.,  was  elected  a member  of  the  Society  of 
Arts  in  1870.  He  w^as  auditor  in  1871,  treasurer 
in  1872-73,  and  member  of  the  Council  1874-77. 
Mr.  Tufnell  took  much^interest  in  the  work  of  the 
Society,  and  presided  at  the  evening  meetings  on 
several  occasions.  He  was  announced  to  read  a 
paper  before  the  Foreign  and  Colonial  Section  on 
“ The  Sugar  Industry  in  the  West  Indies  ” on  the  5th 
of  the  present  month  ; but  the  unfortunate  accident, 
which  eventually  caused  his  death,  made  it  necessary 
to  postpone  this,  and  his  death  actually  occurred 
before  the  date  arranged  for  the  meeting. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 
Wednesday  Evenings,  at  8 o’clock : — 

April  27. — “Photography  and  Colour  Printing.” 
By  Capt.  W.  de  W.  Abney,  C.B.  R.  Brudenell 
Carter,  F.R.C.S.,  will  preside. 

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock : — 
April  28. — “India  and  Currency.”  By  Sir 
Edward  Sassoon,  Bart.  Sir  David  M.  Barbour, 
R.C.S.I.  (late  Financial  Member  of  the  Viceroy’s 
Council). 

Applied  Art  Section, 

Tuesday  evening,  at  8 o’clock  : — 

May  3. — “ Senefelder  and^the  Centenary  of  Litho- 
graphy, 1798-189S.”  By  Joseph  Pennell. 


Sir  William  Blake  Richmond’s  paper  on  “ The 
Importance  of  Craftsmanship,”  announced  for  Tues- 
day,  26th  inst.,  is  unavoidably  postponed. 

Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 

Dr.  D.  Morris,  C.M.G.,  Sources  of 
Commercial  India  Rubber.”  Lecture  II. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  April  25...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Dr. 
D.  Morris,  “Sources  of  Commercial  India 
Rubber.”  (Lecture  II.) 

Scottish  Society  of  Arts,  117,  George- street,  Edin- 
burgh, 8 p.m.  Dr.  R.  Craig  Maclagan,  “ Highland 
Dyeing  and  Colourings  of  Native-made  Tartans.” 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8|  p.m.  The  Prince  of  Monaco, 
“ Investigations  in  the  Atlantic.” 

Actuaries,  Staples-inn-hall,  Holborn,  7 pm. 

Camera  Club,  Charing-cross-road,  W.C.,  8^  p.m. 
Dr.  Norman  Collie,  “ The  Canadian  Rocky 
^Mountains.” 

Medical,  ii,  Chandos- street,  W.,  8|  p.m. 

Tuesday,  April  26. ..Royal  Institution,  Albemarle-strect, 
W.,  3 p.m.  Mr.  T.  C.  Gotch,  “Phases  of  Art: 
Past  and  Present.”  (Lecture  II.) 

IHedical  and  Chirurgical,  20,  Hanover-square,  W., 
8J  p.m. 

Civil  Engineers,  25,  Great  George- street,  S.W.,  8 
p.m.  Annual  General  Meeting. 

Photographic,  12,  Hanover-square,  W.,  8 p.m. 

Anthropological,  3,  Hanover-square,  W.,  8|  p.m. 

Wednesday,  April  27. ..SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Captain  W.  de  W.  Abney, 
“ Photography  and  Colour  Printing,” 

Japan  Society,  20,  Hanover-square,  W.,  8J  p.m. 
]Mr.  Yoshitaro  Yamashita,  “The  Influence  of 
Buddhism  and  Shintoism.” 

United  Service  Institution,  Whitehall,  S.W.,  3jp.m. 
Colonel  Boyes,  “Compulsory  Service  for  Home 
Defence.” 

Royal  Society  of  Literature,  20,  Hanover-square, 
W.,  4J  p.m.  Annual  Meeting. 

Mechanical  Engineers,  25,  Great  George -street, 
S.W.,  7I  p.m.  Presidential  Address. 

Thursday,  April  28  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  4^  p.m.  (Indian  Section.),  Sir 
Edward  Sassoon,  “ India  and  Her  Currency.” 

Ro}"al,  Burlington-house,  W.,  4I  p.m. 

Antiquaries,  Burlington-house,  W.,  8J  p.m. 

Royal  Institution,  Albemarle- street,  W.,  3 p.m. 
Rev.  Canon  Ainger,  “Some  Leaders  in  the  Poetic 
Revival  of  1760-1820.”  (Lecture  II.) 

Camera  Club,  Charing-cross-road,  W.C.,  p.m. 
Mr.  Alfred  East,  “ Landscape  Photography  from 
an  Artist’s  Point  of  View.” 

Friday,  April  29... Ro3'al  Institution,  Albemarle-street,  W., 
8 p.m.  Weekly  Meeting.  9 p.m.  Prof.  Andrew 
Gray,  “ Magneto-Optic  Rotation  and  its  Explana- 
tion by  a Gyrostatic  Medium.” 

Clinical,  20,  Hanover-square,  W.,  8J  p.m. 

Mechanical  Engineers,  25,  Great  George-street, 
S.W.,  7^  p.m.  I.  Discussion  on  Report  of  Gas- 
engine  Research  Committee.  2.  Mr.  Sidney  Teb- 
butt,  “ Steam  Laundry  Machinery.” 

Saturday,  April  30... Royal  Institution,  Albemarle-street, 
W.,  3 p.m.  Sir  Walter  Parratt,  “ Programm 
Music.”  (Lecture  II.) 
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Notices. 


CANTOR  LECTURES. 

On  Monday  evening,  25th  inst.,  Dr.  D. 
Morris,  C.M.G.,  delivered  the  second  and 
last  lecture  of  his  course  on  “The  Sources  of 
Commercial  India-rubber.” 

The  lectures  were  illustrated  by  a series  of 
lantern  slides  and  by  specimens  of  india-rubber 
in  the  natural  state  and  in  the  various  stages 
of  manufacture,  kindly  lent  by  the  India-rubber, 
Gutta-percha,  and  Telegraph  Works  Company, 
Silvertown,  by  various  objects  and  instruments 
used  in  the  manufacture,  lent  by  Dr.  Obach, 
and  by  plants  and  numerous  specimens  from 
Kew  Gardens.  On  the  motion  of  the  Chairman 
a vote  of  thanks  to  the  lecturer  for  his 
interesting  lectures  was  passed. 

The  lectures  will  be  printed  in  the  Jourttal 
during  the  summer  recess. 


INDIAN  SECTION. 

Thursday,  April  28  ; Sir  David  M. 

Barbour,  K.C.S.I.,  in  the  chair. 

The  paper  read  w’as  “ India  and  her 
Currency,”  by  Sir  Edward  Sassoon,  Bart. 

The  paper,  with  a report  of  the  discussion, 
will  be  published  in  a future  number  of  the 
Journal. 


Proceedings  of  the  Society. 

♦ 

INDIA  SECTION. 

Thursday,  April  21  ; J.  M.  Maclean,  M.P., 
in  the  chair. 

The  paper  read  was — 


RECENT  RAILWAY  POLICY  IN  INDIA. 
By  Horace  Bell,  M.Inst.C.E. 

In  venturing  to  read  a paper  on  this  subject, 
I am  aware  that  it  is  one  that  has  already 
been  dealt  with  in  previous  contributions  and 
discussions  before  this  Society,  and  compara- 
tively recently  in  most  able  and  comprehensive 
papers  by  Mr.  J.  M.  Maclean  in  1884  and 
by  Sir  Juland  Danvers  and  Sir  Theodore 
Hope,  in  1889  and  1890.  The  subject  is,  how- 
ever, one  of  such  great  importance,  both  to 
India  and  to  this  country,  that  it  seems  to  be 
advisable,  if  not  indeed  necessary,  that  it 
should  be  brought  forward  again  from  time  to 
time,  and  that  we  should  review  our  position 
in  the  altering  lights  of  opinion,  and  of  finance. 
My  justification  for  addressing  you  on  this 
matter  is,  that  I have  been  engaged  in  India 
for  the  best  years  of  my  life  in  the  construction 
and  administration  of  railways,  and  in  1894 
published  a book*  in  which  I gave  a brief 
account  of  the  railway  policy  of  the  Govern- 
ment of  India  up  to  that  time. 

We  may  date  the  commencement  of  our 
Indian  railway  system  from  the  year  1850. 
Its  birth  was  fitly  preceded  by  negotiations 
extending  over  about  six  years,  during  which 
a sort  of  quadrangular  duel  was  carried  on 
between  the  Government  of  India,  the  Court 
of  Directors  of  the  East  India  Company,  the 
Board  of  Control,  and  the  promoters  of  the 
various  projects  then  put  forward  for  considera- 
tion. We  were  at  that  time,  at  home,  still 
under  the  influence  of  the  widespread  agitation 
and  speculative  fever  which  characterised  the 
‘ ‘ railway  mania  ” of  1 845 , of  the  effects  of  which 
we  are  only  now  fully  sensible.  The  money 
that  was  then,  and  for  many  years  after,  reck- 
lessly and  unrestrainedly  flung  away  on  the 
financing  and  construction  of  our  railways 
here,  is  now  bearing  fruit  in  fair  dividends, 
but  at  the  cost  of  rates  and  fares  that  weight 
us  very  heavily  in  our  competition  with  foreign 
produce  and  manufactures.  Fortunately  for 
India,  we  had  then  a statesman  at  the  helm. 
Lord  Dalhousie,  whose  exceptional  firmness 
and  ability,  joined  to  some  experience  of  rail- 
ways in  England,  enabled  him  to  save  our 
Indian  railways  from  being  exploited  in  the 
way  that  had  been  done  at  home.  He  held 
that  railways  should  not  be  regarded  as  merely 
private  undertakings,  but  as  national  works, 
and  that  the  State  might,  and  indeed  should, 
exercise  “a  stringent  and  salutary  control” 

• “ Railway  Policy  in  India.” — Rivington. 
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over  them,  both  in  the  interests  of  the  State 
and  of  the  public.  This  important  point  he 
held  to  and  carried,  and  it  has  remained  as 
the  foundation  and  salient  feature  of  railway 
policy  in  India.  As  to  the  agency  to  be 
employed  for  carrying  out  and  working  the 
railways,  Lord  Dalhousie  held  that  it  was 
advisable  to  make  them  over  to  joint  stock 
companies,  under  the  control  and  supervision 
of  the  Government.  The  companies  were  to  be 
guaranteed  a return  of  5 per  cent,  on  their 
capital  outlay,  and  when  the  lines  earned  a 
surplus  over  this  figure,  the  advances  towards 
making  it  up,  which  might  previously  have  to 
be  made  by  the  Government,  were  to  be  gradu- 
ally repaid.  On  this  basis,  a great  scheme  of 
trunk  lines  was  laid  out,  and  placed  in  the 
hands  of  six  great  concerns,  viz.,  the  East 
Indian,  the  Great  Indian  Peninsula,  the 
Madras,  the  Bombay  and  Baroda,  the  Sind, 
Punjab  and  Delhi,  and  the  Eastern  Bengal 
Railway  Companies,  all  on  a gauge  of  5^^  feet. 
This  system  was  adhered  to  without  material 
change  until  1869,  and  on  the  whole  the  results 
must  be  allowed  to  have  fairly  fulfilled  the 
expectations  of  the  Government.  There  was 
rarely  any  difficulty  as  to  the  supply  of  funds  ; 
the  anticipated  complications  and  friction  with 
the  staff  of  the  companies  were  only  experi- 
enced at  first,  and  the  works  went  on  steadily, 
even  during  the  mutiny  of  1857-58,  a lesson 
which  has  been  seemingly  forgotten  in  later 
years. 

Towards  the  end  of  1863,  proposals  for  the 
formation  of  new  undertakings  were  before 
Government.  In  all  of  these  there  was  a 
stipulation  for  assistance,  or  guarantee,  in 
some  form  or  other,  and  it  became  necessary  to 
reconsider  the  position,  the  result  of  which  was 
the  launching  of  the  Indian  Branch  Railway 
Company,  on  the  basis  of  a subsidy  of  1,000 
rupees  per  mile  per  annum  for  each  mile  open, 
with  an  additional  allowance  for  each  large 
bridge,  the  requisite  land  being  given  free. 
This,  however,  did  not  turn  out  well  ; only 
about  £200,000  being  raised  out  of  a proposed 
capital  of  ;^2,ooo,ooo,  and  a demand  was  then 
made  for  the  5 per  cent,  guarantee  instead  of 
the  subsidy.  This  was  at  first  refused,  but  was 
eventually  granted  after  lengthy  negotiation, 
and  on  the  condition  that  surplus  profits  were 
to  be  shared  with  the  Government.  But  this 
case  may  be  considered  to  have  been  the 
starting  point  of  an  entirely  new  policy. 

The  Government  of  India  was  then  under 
Lord  Lawrence,  and  both  he  and  his  advisers 
had  made  up  their  minds  that  the  further 


application  of  the  agency  of  companies  was 
undesirable.  They  held  that  their  operations 
might  attain  to  such  dimensions  as  might  lead 
to  inconvenience,  or  even  become  “dangerous,” 
while  at  the  same  time  proportionately  in- 
efficient ; that  it  was  necessary  to  fix  a limit 
to  the  cost  per  mile  on  which  a guarantee 
should  be  given ; and  that  the  Government 
should  have  more  direct  power  over  the 
servants  of  the  companies,  even  to  the  extent 
of  suspension  or  dismissal;  and  finally  that,  for 
political  reasons,  it  was  desirable  that  the 
Government  should  by  degrees  obtain  posses- 
sion of  all  the  railways.  They  ended  by 
recommending  that  all  future  railway  exten- 
sion should  be  carried  out  by  the  direct 
agency  of  the  Government,  and  this  was  at 
length  agreed  to  by  the  Elome  Government, 
with  a proviso  that  a definite  annual  sura 
should  be  devoted  to  this  purpose,  which  was 
then  fixed  at  ;^2,ooo,ooo  sterling.  It  need 
scarcely  be  said  that  this  was  a very  important 
change  of  policy,  the  more  so  as  it  also  led  to 
the  introduction  of  a second  gauge  — the 
metre  ; but  if  the  grounds  upon  which  the 
decision  was  then  based  are  fairly  con- 
sidered, it  must  be  allowed  that  they  were 
of  great  weight.  The  guaranteed  lines  had 
been  costly,  and  so  far  unremunerative.  The 
immense  export  trade,  which  has  since  grown 
up,  was  as  yet  in  its  infancy,  and  there  seemed 
to  be  no  evidence  to  justify  any  expectation  of 
the  prosperity  which  since  then  has  come  both 
to  the  railways  and  the  people ; the  payments 
towards  meeting  the  guaranteed  interest  were, 
moreover,  a serious  drag  on  the  finances.  It 
was  then  reasonable  to  assert  that  India  could 
no  longer  afford  to  undertake  further  railway 
extension  on  the  same  scale  as  to  cost  per  mile, 
especially  as  the  areas  to  be  served  in  the 
future  were,  or  seemed  to  be,  less  likely  to  be 
profitable  than  those  already  dealt  with. 
Added  to  these  considerations  was  a weighty 
one  in  the  fact  that  the  Government  had  at  this 
time  a large  establishment  of  engineers  in  the 
Public  Works  Department,  for  which  it  was 
absolutely  necessary  to  provide  a steady  source 
of  employment.  Being  then  one  of  this  body, 
I can  well  remember  our  enthusiastic  support 
of  this  new  departure.  We  rejoiced  in  a 
decision  which  placed  at  our  disposal  a new 
and  vast  field  for  our  energies.  We  were  to 
have  opportunities  of  showing  the  companies 
how  to  make  and  work  railways  cheaply  and 
profitably,  and  we  looked  forward  to  the 
probability  of  all  the  railways  eventually 
becoming  State  property,  and  their  being 
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carried  on  by  a vast  State  organisation, 
otfering  attractive  vistas  of  patronage,  pre- 
ferment, and  pension.  The  new  policy  was 
almost  as  cordially  received  by  other  depart- 
ments of  the  Government,  both  civil  and 
military.  They  too  probably  had  their  a.xes  to 
grind.  Some  of  them  had  pet  schemes  which 
they  would  now  be  able  to  press  on  the  Govern- 
ment with  greater  chance  of  success,  while 
many  doubtless  gave  thought  to  sons  or 
nephews,  in  esse  or  in  posse,  for  which  a new 
department  would  or  might  provide  an  opening. 
There  appeared  to  be  no  possible  objection  to 
the  new  system,  and  on  the  top  of  it  all  was 
the  crowning  advantage  in  the  State  being 
able  to  put  all  profits  into  its  own  pocket 
instead  of  into  those  of  rapacious  shareholders 
in  London.  I will  say  no  more  for  the  present 
on  the  matter  save  this,  that  what  I think  was 
not  then  realised  was  the  effect  that  this 
change  might  have  in  the  future  in  the  attitude 
of  the  Government  towards  private  enterprise. 

A commencement  was  made  under  the  new 
system  in  1869,  the  construction  of  metre 
gauge  lines  being  put  in  hand  by  Government 
engineers.  The  companies’  lines  were  left  to 
be  completed  by  them,  but  no  new  proposals 
were  allowed.  This  went  on  for  about  12  or  13 
years,  and  as  far  as  construction  was  con- 
cerned, the  work  and  the  saving  in  cost, 
allowing  for  reduction  in  gauge,  compared 
very  favourably  with  the  companies’  lines. 
The  weak  point  at  first  was  in  the  working. 
There  were  too  many  “new  brooms,”  too 
much  zeal  in  some  places,  and  too  little  in 
others  ; while  there  was,  I think,  a tendency 
to  rashly  assume  that  a Government  officer 
could  work  a railway  as  well  as  he  could  any- 
thing else,  or  as  any  other  man.  We  had  to 
learn  a good  deal,  and  necessarily  at  the 
expense  of  the  State  and  the  public,  although 
that  consideration  did  not  perhaps  disturb  us 
as  much  as  it  ought  to  have  done.  But  the 
evil,  which  State  administration  of  railways 
then  suffered  from,  as  indeed  it  does  still,  lay 
in  the  constant  change  of  pei'sonnel,  due  to 
claims  for  preferment  in  a large  service 
necessitating  the  movements  of  officers  from 
important  posts  to  other  and  distant  localities. 
Added  to  this  was  an  evil  equally  fatal  in  the 
attempt  to  control  nearly  every  action  of  a 
manager  from  the  headquarters  of  Govern- 
ment. In  this  latter  respect  matters  have 
much  improved  of  late  years. 

In  1874,  and  again  in  1879,  very  serious  and 
widespread  famines  occurred  in  India,  which, 
in  spite  of  lavish  expenditure  of  money,  and 


heroic  effort  on  the  part  of  the  servants  of 
Government,  involved  a terrible  loss  of  human 
life,  and  of  live  stock.  It  became  clear,  after 
exhaustive  enquiry,  that  the  only  effective 
method  of  meeting  such  calamities  in  future 
was  by  giving  railway  communication  to  the 
tracts  which  had  been  most  affected,  and  gene- 
rally to  enter  on  a large  and  well-considered 
scheme  of  famine  protective  railways  through- 
out the  country.  This  being  settled,  it  was 
equally  clear  that  under  the  restrictions  then 
placed  upon  the  Government  of  India  as  to 
borrowing  powers,  and  in  view  of  the  limited 
amount  that  could  be  spared  from  revenue,  it 
would  be  impossible  to  fulfil  any  such  scheme 
with  sufficient  rapidity.  A modification  of  the 
policy  of  1869-70  seemed  inevitable  ; but  this 
took  a very  long  time  to  determine.  From 
1880  until  1884  the  Government  of  India  was 
engaged  in  a continuous  correspondence  on 
the  subject  with  the  Secretary  of  State,  and 
privileged  as  I have  been  to  see  and  peruse 
the  papers,  I cannot  but  record  my  impression 
of  their  profound  interest,  and  the  evidence 
they  afford  of  great  ability,  and  patient  and 
single-minded  statesmanship.  Among^  the 
combatants  in  this  intellectual  struggle  are  to 
be  found  names  of  men  who  have  pre-eminently 
left  their  mark  on  the  financial  and  the  railwa}' 
policy  of  India,  such  as  Lord  Ripon,  Sir 
Theodore  Hope,  Sir  Evelyn  Baring  (now  Lord 
Cromer),  Sir  Auckland  Colvin,  and  others.  In 
the  end  the  elements  of  a new  policy  were 
formulated  in  a shape  which  was  somewhat  as 
follows.  The  agency  of  companies  was  to  be 
re-introduced  for  the  construction  of  new  lines, 
and  for  the  working  of  railways  belonging  to 
the  State.  The  assistance  to  such  companies 
was  to  take  the  form  of  a “ limited  guarantee,” 
a term,  by  the  way,  of  which  there  is  no  very 
clear  definition,  and  of  the  free  grant  of  land  ; 
surplus  profits  over  and  above  the  figure  of  the 
guarantee  were  to  be  divided  with  the  Govern- 
ment ; the  control  of  rates  and  fares  was  to  rest 
with  the  State,  and  equitable  terms  were  to  be 
made  in  all  contracts  for  the  purchase  of  such 
lines,  as  public  propert}',  after  a certain  period. 
The  lines  to  be  made  over  to  companies  were 
to  be  such  as  were  considered  likely  to  be  profit- 
able, either  at  the  outset,  or  soon  after  the 
lines  were  opened  through,  the  term  then  used 
for  these  being  “productive”  lines.  On  the 
other  hand,  the  direct  action  of  the  State  was 
to  be  restricted.  It  was'  to  be  confined  to  the 
construction  of  lines  which  were  not  likely  to 
be  immediately  or  directly  profitable,  but 
which  might,  nevertheless,  be  urgently  needed. 
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either  for  famine  protection,  or  for  military 
reasons.  No  definite  policy  seems  to  have 
been  then,  nor  indeed  has  been  since,  for- 
mulated as  to  the  agency  to  be  adopted  for  the 
working  of  the  then  existing  State  railways,  or 
of  those  which  would  become  the  property  of 
the  State  on  the  exercise  of  the  purchase  clause 
in  the  companies’  contracts.  This  part  of  the 
programme  was  perhaps  left  advisedly  in  a 
nebulous  condition,  either  with  the  idea  that 
any  premature  declaration  on  this  point  would 
be  impolitic,  or  that  it  was  generally  desirable 
to  have  both  the  companies  and  the  State 
working  in  emulation  at  the  same  time.  Signs 
were,  however,  not  then  wanting  of  the  exist- 
ence of  a feeling  that  the  action  of  the  State 
in  this,  and  in  other  directions,  had  gone  toe 
far,  and  should  be  curtailed.  This  feeling  was 
indicated  in  the  Press,  and  very  forcibly  in  Sir 
Evelyn  Baring’s  financial  statement  of  March 
1881,  a public  statement  which  may  be  sup- 
posed to  have  in  some  degree  reflected  the 
views  of  the  Government  at  the  time.  He 
admitted  that  while  railways  were  monopolies, 
this  by  no  means  implied  that  they  should  be 
in  the  hands  of  the  State,  or  be  regarded  as  a 
direct  source  of  State  profit.  The  State  should 
exercise  so  much  supervision  over  the  railways 
as  was  necessary  for  the  protection  of  the 
interests  of  the  public  ; should  have  the  right 
of  inspection,  of  regulating  tariffs,  and  of 
purchase  after  certain  periods  ; but  that,  when 
these  and  some  other  conditions  had  been 
made,  the  necessity  for  State  interference 
ceased.  As  to  possible  loss  of  revenue,  it  was 
held  that  if  the  profits  of  a railway  “were  left 
to  fructify  in  the  pockets  of  the  people,”  they 
would  be  more  advantageously  employed  than 
if  paid  into  the  State  Treasury.  In  short,  that 
the  State  should  be  content  with  the  indirect 
profits  of  a railway  system.  As  we  learn  from 
Sir  Theodore  Hope’s  paper,  similar,  or  some- 
what similar,  views  had  been  expressed  by 
Lord  Salisbury  in  1877,  and  by  Lord  Hartington 
(now  Duke  of  Devonshire)  in  1882.  It  may 
also  be  stated  that  the  same  views  were 
strongly  expressed  by  Sir  Andrew  Clark  at  the 
termination  of  his  service  as  Minister  for  Public 
Works  in  1880. 

The  new  departure,  which  we  may  date  as 
starting  from  1881,  can  be  regarded  as  the 
beginning  of  recent  railway  policy,  and  implied 
the  complete  abandonment  of  the  policy  of 
1869-70.  The  urgent  need  of  enlisting  the  aid 
of  private  enterprise  was  acknowledged  by 
both  the  Government  of  India  and  the  Home 
Government,  and  on  the  basis  of  “a  safe  and 


reasonable  guarantee.”  In  1881  and  1882 
three  companies  had  been  formed,  viz.,  the  i 
Bengal  Central,  the  Bengal  and  North-Western,  1 
and  the  Rohilkund  - Kumaon,  without  any  1 
guarantee  at  all,  but  the  schemes  were  then  1 
small  ones,  and  there  appeared  to  be  no  likeli- 
hood of  any  considerable  progress  on  this 
basis.  The  next  step  was  the  grant  of  a 
guarantee  of  3^  per  cent,  in  sterling  on  the 
capital  of  the  Southern  Mahratta  Railway 
Company,  and  on  very  advantageous  terms  to 
the  company  as  regards  division  of  receipts ; 
but  an  entirely  new  and  important  feature  was 
introduced  into  the  contract  in  that  the  com- 
pany was  to  be  regarded  as  merely  an  agency 
for  raising  the  money  for  the  line  for  the 
Government — in  fact,  the  company  raised  a 
loan  for  Government  on  a guarantee  of  interest ; 
the  line  belonged  to  the  State,  and  the  com- 
pany was  to  work  it,  practically  on  lease,  for 
a term  of  years  under  definite  control.  The 
lines  to  be  constructed  by  the  company  were 
regarded  as  essentially  necessary  for  famine 
protection,  and  as  they  were  not  expected  to 
be  remunerative  for  many  years,  the  under- 
taking may  be  said  to  have  been  a State 
operation  conducted  through  the  agency  of 
a company.  This  was  the  first  and  the 
prototype  of  the  “assisted”  companies,  the 
assistance,  however,  taking  the  very  sub- 
stantial and  attractive  form  of  a sterling 
guarantee,  somewhat  above  the  English 
market  rate,  together  with  a prospective 
share  of  surplus  profits  and  free  grant  of 
land.  The  word  “assisted”  seems,  in  fact, 
to  have  been  invented  in  order  to  screen  the 
fact  that  such  companies  were  guaranteed.  In 
this  category  may  be  included  subsequently 
formed  companies  under  the  titles  of  the  Indian 
Midland  and  the  Bengal  Nagpore  Railways. 
In  all  of  these  cases  the  Government  could 
have  raised  the  requisite  capital  itself  in  London 
and  made  it  over  to  these  companies  on  far 
easier  terms,  but  this  course  was  barred  by  the 
restriction  of  its  annual  borrowing  powers  by 
the  decision  of  a House  of  Commons  Com- 
mittee. What  the  Government  was  then 
debarred  from  doing  they  have  been  enabled 
to  do  since,  the  most  recent  procedure  being 
for  a company  to  raise  a comparatively  small 
proportion  of  the  required  capital,  and  for  the 
Government  to  raise  the  remainder  and  make 
it  over  for  disbursement  to  the  company,  on 
conditions  under  which  the  State  becomes  an 
active  co-partner  and  co-sharer  in  the  under- 
taking. 

But  whether  the  new  policy  was  or  was  not 
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unnecessarily  liberal  from  our  present  point  of 
view,  it  was  one  which  rapidly  and  satis- 
factorily yielded  notable  results.  It  gave  us 
the  lines  I have  already  mentioned,  which  form 
a very  important  part  of  the  famine  protective 
railways,  and,  in  addition,  a now  very  useful 
and  prosperous  undertaking,  the  South  Indian 
Railway.  To  this  policy  we  may  also  perhaps 
attribute  the  renaissance  of  the  standard 
gauge,  and  the  discovery  that,  if  due  economy 
was  studied  in  first  cost,  the  extension  of  Indian 
railways,  even  on  this  gauge,  could  be  made  a 
profitable  investment.  The  progress  between 
the  years  1881  and  1887  showed  a far  larger 
annual  average  of  completed  mileage  than  had 
ever  been  exhibited  previously.  Within  this 
period  over  6,000  miles  of  line  were  added  to 
the  Indian  railway  system,  and  under  financial 
conditions  which  were,  on  the  whole,  and 
under  the  circumstances,  equally  satisfactory 
to  the  State  and  to  investors.  It  was  not 
to  be  expected  that  this  rate  of  progress 
could  be  long  continued,  if  for  no  other 
reason  than  that  the  important  blanks  on 
the  map  were  being  filled  up  ; but  apart  from 
this,  the  financial  difficulties  of  the  Govern- 
ment, due  to  the  cost  of  frontier  defences  and 
to  the  continued  fall  in  the  sterling  exchange 
value  of  the  rupee,  had  by  1889-90  become 
very  serious.  It  seemed  no  longer  possible  to 
increase  the  sterling  obligations  of  the  State 
by  granting  sterling  guarantees,  and  that, 
unless  some  other  means  could  be  found  for 
; attracting  English  capital,  the  future  of  railway 
extension  would  have  to  depend  on  what  could 
be  effected  from  the  annual  State  loan  for 
I public  works.  It  was  at  this  time  that  the 
promoters  of  the  Delhi-Umballa-Kalka  Rail- 
way came  forward.  They  offered  to  find  the 
I requisite  capital  for  the  line  without  any 
I guarantee,  on  the  understanding  that  it  should 
be  worked  by  the  Government  at  50  per  cent, 
of  its  gross  receipts.  The  scheme  promised 
well,  but  it  was  the  only  offer  then  made  on 

isuch  conditions,  and  between  1889  and  1892 
the  progress  of  railway  extension  was  so  re- 
stricted that  it  seemed  likely  to  be  soon 
. stopped  altogether.  Some  hope  of  relief  was 
engendered  by  proposals  made  to  construct 
the  Assam-Bengal  Railway  on  capital  raised 
i on  grants  of  lands  and  minerals.  This,  how- 
ever, fell  through,  but  in  the  end,  in  1892,  to 
the  astonishment  of  the  public,  and,  perhaps 
still  more,  of  the  Government  of  India,  this 
line,  which  was  not  urgently  wanted,  and 
which  for  two-thirds  of  ifs  length  cannot  for 
very  many  years  be  of  any  practical  value  to 


the  province,  was  sanctioned  by  the  Secretary 
of  State  under  a sterling  guarantee  to  the 
company  of  3^  per  cent,  on  their  capital  during 
construction,  and,  thereafter,  3 per  cent,  until 
the  determination  of  the  contract.  Of  the 
capital  required  for  the  line,  the  company, 
however,  found  only  ;^i,5oo,ooo,  the  rest, 
which  may  now  be  perhaps  ;^6,ooo,ooo  or 
;^8,ooo,ooo  more,  has  to  be  found  by  the 
Government,  and  it  must  seem  very  unlikely 
that  2 per  cent,  will  ever  be  earned  on  it.  The 
decision  of  the  Home  Government  in  this  case 
must  be  regarded  as  having  been  a severe  blow 
to  the  position  taken  by  the  Government  of  India, 
viz.,  to  grant  assistance  to  outside  capital  in 
no  other  way  than  by  rupee  guarantee  on  rupee 
capital  outlay.  It,  indeed,  made  this  position 
untenable  in  dealing  wdth  new  proposals,  and 
intensified  the  feeling  of  doubt  as  to  the  good 
faith  of  the  Government. 

Towards  the  end  of  1893,  a fresh  attempt 
was  made  to  attract  capital  on  a rupee  basis, 
for  the  construction  of  branch  lines,  the 
essential  features  of  the  new  terms  being  that 
such  lines  would  be  worked  by  the  State  fcr 
not  more  than  50  per  cent,  of  gross  earnings, 
including  the  provision  of  rolling  stock,  and 
that  a rebate  would  be  given  by  the  parent  line 
on  traffic  interchanged  with  it,  so  as  to  make 
up,  or  towards  making  up,  a return  on  the 
approved  capital  of  4 per  cent.  The  exchange 
value  of  the  rupee  was  then  approaching  its 
lowest  figure,  as  in  June  1894  it  reached  the 
depth  of  IS.  o^d.,  and  there  then  seemed  to  be 
no  grounds  for  expecting  that  this  was  the 
limit,  or  that  even  this  figure  would  have  any 
stability  in  the  near  future.  Added  to  this, 
was  the  obvious  difficulty  of  estimating  the 
value  of  the  rebate,  or  the  probable  receipts 
from  local  traffic.  These  new  terms  were  not 
favourably  received  by  the  public  ; they  did 
not,  in  fact,  appear  to  provide,  as  the  notifica- 
tion of  the  Government  put  it,  a real  “addi- 
tional encouragement  for  the  investment  of 
private  capital,”  more  particularly  as  it  was 
plainly  stated  that  it  was  not  the  intention  of 
the  Government  to  grant  these  terms  as  a rule, 
but  that  each  project  would  be  treated  on  its 
merits.  On  the  other  hand,  there  was  an 
apparently  important  and  suggestive  proviso 
to  the  effect  that  no  concession  would  be  given 
to  a proposal  which  did  not  show  reasonable 
prospects  of  financial  success.  The  effect  of 
this  condition  was,  however,  unfortunately 
marred  in  a memorandum  for  the  guidance  of 
promoters,  at  the  end  of  which  it  was  stated 
that,  while  the  Government  would  place  all  the 
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information  it  had  regarding  such  proposals  at 
the  disposal  of  promoters,  it  would  accept  no 
responsibility  whatever  as  regards  its  accuracy. 
It  was  as  if  a man  were  to  try  to  raise  money 
on  a gold  mine,  and  should  say  “ I believe  its 
a good  thing,  but  I can’t  undertake  that  the 
documents  I show  you  are  worth  anything.” 
Subsequently,  however,  in  1896  these  terms 
were  somewhat  improved,  while  the  closing  of 
the  mints  seemed  to  promise  grounds  for  the 
hope  that  exchange  would  eventually  obtain 
some  amount  of  stability.  Anyhow,  proposals 
of  considerable  importance  then  came  forward, 
and  there  appeared  to  be  good  promise  of  the 
fulfilment  of  the  intentions  of  the  Government, 
or,  perhaps  I should  say,  of  their  apparent 
intentions.  The  manifest  flaw  in  this  new 
system  was  that  it  must  lead  to  the  growth  of 
a large  number  of  small  companies  subsidiary 
to  but  yet  in  a position  of  more  or  less  in- 
dependence as  regards  the  parent  lines,  and, 
in  the  case  of  disputes,  having  a strong  moral 
claim  on  the  Government  for  redress  or  com- 
pensation in  some  form  or  other.  But  scarcely 
had  these  new  terms  begun  to  attract  attention, 
when  the  Government  almost  suddenly  awoke 
to  its  duties  and  embarked  on  a perfectly 
heroic  scheme  of  railway  extension,  in  which 
it  proposed  to  become  largely  responsible  for 
an  expenditure  of  ;^6,ooo,ooo  yearly  for  three 
years ; and,  to  add  to  the  confusion  of  the 
possible  investor,  the  Burma  Railway  Company 
was  launched  with  a sterling  guarantee.  Later 
on,  in  last  year,  the  financial  pressure  arising 
from  famine  and  the  frontier  troubles  has 
considerably  upset  the  above-mentioned  vast 
programme  ; works  have  for  a time  had  to  be 
suddenly  stopped;  engineers  have,  I under- 
stand, been  discharged  or  relegated  to  some 
other  employment ; and  railway  material 
possibly  left  exposed  and  useless  until  finances 
improve. 

The  history  of  Indian  railways  and  their 
relations  with  the  Government  is,  of  course, 
very  inadequately  shown  in  this  brief  sketch, 
but  some  such  outline  is  necessary  as  a text 
for  what  follows.-  It  covers  a period  of  half  a 
century  of  hard  work  and  some  hard  thinking, 
with  the  result  that  we  have  constructed  and 
■opened  for  traffic  about  21,000  miles  of  railway. 
This  now  roughly  represents  about  one  mile  of 
line  for  every  15,000  people,  and  a yearly 
average  of  (say)  420  miles.  These  are  very 
moderate  figures,  and  if  I were  to  compare 
them  with  what  has  been  done  within,  or  in 
less  than,  the  same  period  in  far  less  promising 
fields,  we  should  not,  I fear,  have  much  to 


boast  of.  I may,  however,  just  mention  that 
by  the  end  of  the  century,  Japan  will,  in 
25  years,  have  carried  out  a railway  system 
representing  one  mile  for  every  7,000  people  ; 
that  is,  they  have  done  four  times  better  than 
we  have  in  India.  What  is  most  striking  in 
the  story  are  the  important  changes  which 
have  characterised  railway  policy  in  India, 
and  the  frequent  vacillations  in  recent  years. 
These  latter  may  be  attributed  to  the  serious 
difficulties  resulting  from  the  silver  standard, 
which,  rightly  or  wrongly,  made  it  expedient  to 
have  recourse  to  any  modifications,  in  order  to 
avoid  serious  curtailment  of  railway  extension, 
while,  at  the  same  time,  avoiding  the  undue 
relief  of  the  present  taxpayer  at  the  expense  of 
his  successors.  I have  said  elsewhere,  that 
when  all  the  circumstances  have  been  fully 
weighed,  the  charges  of  weakness  or  incapacity 
which  have  so  often  been  charged  against  the 
Government  have  been  sometimes  unreason- 
able, and  often  unjust,  and  that,  indeed,  we 
should  more  properly  credit  it  with  unusual 
courage  and  persistence  in  having-  done  so 
much  in  the  face  of  embarrassments  which 
might  well  have  daunted  others.  At  the  same 
time,  it  is  open  to  question,  especially  in  the 
face  of  present  developments,  whether  the 
policy  which  has  been  in  force  of  recent  years, 
and  which  they  have  been  ostensibly  engaged 
in  putting  in  action,  has  been  one  which  was 
best  adapted  to  meet  the  needs  of  the  countr}’. 
The  Government  has,  for  a long  time  past, 
had  ample  assurance  that  Indian  railways  now 
offer  an  exceptionally  certain  field  for  profitable 
investment.  We  know  indeed  that  on  the 
average  they  now  return  over  5 per  cent,  on 
their  capital,  and  this  in  itself  is  good  evidence 
that  they  are  wanted  by  the  people.  Their 
indirect  advantages  to  the  State  are  incon- 
testable. What  then  are  the  principal  causes 
which  have  impeded  our  more  rapid  progress  ? 
We  may  concede  the  unavoidable  impediments 
of  Parliamentary  interference  ; the  changes  of 
front  and  delays  due  to  alterations  in  politics 
and  in  the  Home  and  Indian 

Governments ; to  the  many  real  and  some 
fanciful  financial  troubles,  and  the  baneful 
influences  of  war,  famine,  and  pestilence ; but 
imposing  as  these  causes  undoubtedly  are,  it 
is  nevertheless  open  to  us  to  doubt  whether,  by 
the  adoption  of  some  other  policy  or  system,  it 
would  not  have  been  possible  to  have  fulfilled 
the  evident  needs  of  the  empire  more  fully  and 
more  rapidly;  whether  in  fact  a policy  could 
not  have  been  evolved  which  would  have  been 
largely  independent  of  such  influences.  Let 
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us  in  the  first  place  glance  at  the  position  we 
have  drifted  into  at  present.  We  have  : — 

1.  State  lines  constructed  and  worked  by 

the  State. 

2.  State  lines  constructed  by  companies  and 

worked  by  the  State. 

3.  State  lines  worked  by  companies. 

4.  Lines  constructed  with  State  assistance 

and  worked  by  companies. 

5.  Lines  constructed  and  worked  by  guaran^ 

teed  companies. 

6.  Lines  owned  by  native  States  and  worked 

by  the  Government. 

7.  Lines  owned  and  constructed  by  branch 

companies  and  worked  by  the  State. 
Added  to  which  are  purely  native  State  rail- 
ways, which  do  not  affect  the  subject.  Now 
this  will  appear,  I think,  to  be  a very  extra- 
ordinary condition  of  affairs,  but  what  it 
principally  indicates  is  the  share — and  it  is 
a large  share — which  the  State  still  has  in  the 
direct  working  and  detailed  administration  of 
railways.  This,  I am  now  disposed  to  think, 
is  the  canker  at  the  bottom  of  the  whole  policy 
of  the  Government  of  recent  years.  It  has 
been,  I fear,  the  predisposing  cause  of  this 
distorted  growth,  and  will,  if  not  eradicated, 
persist  in  its  evil  influence. 

The  fact  is  that  the  policy  of  Lord  Lawrence, 
of  1869  to  1870,  which  resulted  in  the  creation 
of  a State  Department  for  the  construction  and 
working  of  railways,  though  nominally  dead,  is 
still  very  much  alive.  It  still  colours  every 
decision  of  the  Government,  and  constitutes, 
often  undesignedly,  a stumbling-block  to  the 
proper  progress  of  railway  extension  in  India. 
The  department,  moreover,  still  exists,  and  on 
a large  scale.  My  belief  is  that  the  only  means 
of  introducing  a new  and  vigorous  life  into 
Indian  railways  is  by  inducing  a free  and  un- 
restricted flow  of  private  capital  to  India,  and 
that  this  implies  the  gradual,  but  eventually 
complete,  abandonment  of  State  administration. 
The  action  of  interference  of  the  State  in  rail- 
ways should  be  brought  down  to  the  “ irreduci- 
ble minimum.’’  It  is  very  difficult  to  see  how 
the  Government  of  India  can  now  justify  the 
continued  existence  of  a large  department  for 
the  construction  and  working  of  railways,  while 
professing  its  intention  to  maintain  and  indeed 
enlarge  the  sphere  of  action  of  private  enter- 
prise. As  regards  mere  emoluments,  it  is  not 
an  expensive  department  ; but  I ask  if  it  is  still 
necessary  ? It  must  surely  seem  that  the 
reasons  which  led  to  its  formation  no  longer 
exist,  and  it  must  now  be  admitted  that  railways 
can  be  made  by  companies  as  quickly,  if  not 


more  quickly,  than  by  State  agency,  and  can  be 
worked  with  greater  profit.  I contend  that  the 
continuance  of  such  a department  is  a standing 
impediment  to  any  real  and  whole-hearted 
encouragement  of  private  enterprise,  and  pre- 
sents, moreover,  a distinct  source  of  embar- 
rassment to  the  Government  in  dealing  with 
the  proposals  of  companies.  The  policy  formu- 
lated in  1883-84  was  to  the  effect  that  private 
enterprise  was  to  have  a free  hand  as  regards 
productive  railways.  This,  I think,  has  long 
been  a dead  letter;  indeed,  the  very  general 
feeling  here  is,  that  the  Government  has  of 
late  been  induced  to  take  up  the  productive 
lines,  and  to  leave  the  doubtful  ones  to  private 
enterprise.  Yet  we  have  been  repeatedly  told 
by  Viceroys  and  Secretaries  of  State,  in  effect, 
that  the  main  hope  of  obtaining  adequate 
extension  of  railways  in  India  was  by  the  help 
of  outside  capital.  I know  that  the  favourite 
official  view  of  this,  of  “ private  enterprise,”  is 
that  there  is  no  enterprise  in  it ; that  it  wants 
the  State  to  take  the  risk,  and  itself  all  the 
profit.  This  may  appear  to  be  the  case  in 
some  instances,  but  when,  as  happened  last 
year,  a firm  offer  was  made  to  Government  to 
supply  capital  for  constructing  some  350  miles 
of  railway  in  the  Punjab  without  any  guarantee 
whatever,  the  reply  was  that  certain  of  the 
lines  were  not  wanted,  and  others  would  be 
made  by  the  Government ! Those  which  were 
said  to  be  not  wanted  were,  in  fact,  lines  which 
would  have  developed  new  areas  urgently 
needing  railways,  but  which  would  have,  per- 
haps, temporarily  reduced  the  earnings  of  a 
State  railway.  The  lines  made  by,  or  allowed 
by,  the  Government  are  termed  feeders,  while 
those  originated  by  private  enterprise  are,  I 
understand,  too  often  characterised  and  de- 
clined as  being  “bleeders;”  that  is  to  say, 
that  though  they  may  open  up  new  ground, 
they  will,  or  may,  reduce  the  direct  profits  of 
the  State.  These  are  ideas  which  arise,  I 
fe£.r,  from  the  existence  of  a large  State  Rail- 
way Department,  influenced,  I admit,  by  the 
traditional  timidity  of  the  Financial  Depart- 
ment. 

Let  us  turn  for  a moment  to  the  point  I have 
just  mentioned,  as  to  the  want  of  real  enter- 
prise in  the  offer  of  capital  from  this  country. 
The  grounds  for  this  are  that  money  is  not,  as 
a rule,  forthcoming  without  a guarantee  in 
some  form  or  other.  English  investors,  and 
particularly  financiers,  are  uncommonly  shrewd 
and  wary  gentlemen.  The  figure  that  is  asked, 
or,  at  any  rate,  that  is  at  all  likely  to  be 
granted,  is  a minimum,  sometimes  a danger- 
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ously  low  one.  What  in  effect  the  financier,  as 
representing  the  investor,  says  is  somewhat  as 
follows  : — “ The  project  before  us  seems  sound, 
as  far  as  our  information  goes,  and  may  turn 
out  to  be  a very  good  thing;  but  India  is  a 
long  way  off,  and  promoters  are  sanguine 
people.  Can  -we  not  get  the  Government,  if 
they  sanction  the  scheme,  to  either  endorse 
our  opinion  in  words,  or  to  guarantee  the 
minimum  figure  on  which  the  investor  will 
venture  to  put  down  his  money?”  This  may 
be.  called  want  of  enterprise,  but  most  people 
would  call  it  business.  If  the  Government  of 
India  really  desire  to  get  in  outside  capital,  at 
any  rate  at  present,  they  must  have  the  courage 
of  their  opinions.  In  fact  it  has  been  so  from 
the  beginning,  and  is  so  still.  A large  pro- 
portion of  the  money  which  is  being  spent,  or 
is  intended  to  be  spent,  on  the  great  pro- 
gramme I have  alluded  to  above,  has  been,  or 
will  be,  raised  on  debentures  with  a sterling 
guarantee  of  the  lowest  possible  figure,  while 
the  new  branch  line  terms  give  a guarantee 
also,  but,  as  indicating  the  unstable  ways  of 
Government,  in  rupees.  It  must  be  carefully 
noted  that  the  risk  incurred  by  the  Government 
in  giving  a guarantee  has,  and  should  obviously 
have,  some  compensation  in  the  shape  of  a 
share  of  surplus  profits  (generally  the  lion’s 
share)  over  and  above  the  figure  guaranteed. 

If  then  the  demand  for  a guarantee  is  the 
basis  of  the  allegation  that  there  is  no  enter- 
prise in  the  supply  of  capital  for  Indian  rail- 
ways, the  official  mind  must  rid  itself  of  this 
bugbear,  or  come  under  its  influence  only 
when  it  finds  that  capital  can  be  had  without 
guarantee  for  similar  undertakings  in  equally  I 
remote  parts  of  the  world.  The  few  instances 
to  the  contrary  at  the  present  time  only  serve 
to  prove  the  rule. 

What  I would  urge  is  that  the  ground 
covered  by  the  companies  is  now  so  large  that 
the  Government  of  India  can  throw  off  the 
incubus  of  a large  Railway  Department,  and 
reduce  it  to  the  extent  of  providing  only  for 
the  control  and  inspection  of  railways ; that 
the  direct  action  of  the  State  in  making  and 
working  railways  should  cease  ; while  adhering 
steadily  to  the  policy  it  has  had  from  the 
beginning,  of  ensuring  that  all  railways  in 
India  shall  become  public  property,  and  that 
in  future  railways  should  be  constructed  by 
and  leased  out  for  working  to  companies.  We 
should  then  have  a clear,  readily-worked,  and, 
so  to  speak,  autonomous  system.  There  is,  I 
know,  an  idea  that  the  Government  of  India 
must  maintain  a staff  for  making  or  working 
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frontier  railways  as  a field  for  the  training  of 
military  engineers,  or  as  a source  for  rapidly  j 
collecting  rolling  stock  for  frontier  operations.  ' 
This  is  an  argument  which  sounds  well,  but 
has  no  real  validity.  To  meet  the  first  point, 
no  railway  administration  would  refuse,  or  be 
so  unwise  as  to  refuse,  to  employ  a certain 
number  of  Royal  Engineer  officers  on  its  staff, 
and  if  thought  necessary,  this  could  be  made  a 
stipulation  in  all  new  contracts.  As  regards 
the  second  point,  the  Government  has  only  to 
pass  a brief  Act,  such  as  was  passed  by  the 
French  Government  in  1870,  to  enable  them  to 
have  complete  control  of  any  railway  in  time 
of  war,  under  the  orders  of  military  railway 
directors  and  station  commandants.  Even 
without  these  powers,  the  Government  had  full 
and  most  satisfactory  experience  of  the  action 
of  railway  companies’  officers  during  the 
second  Afghan  War,  on  the  line  between 
Kurachi  and  Lahore. 

In  putting  forward  my  opinion  that  the 
Government  should  confine  itself  to  the  func- 
tion of  control,  while  obtaining  the  railways  as 
public  property,  and  working  them  through  the 
agency  of  companies,  it  is  necessary  to  record 
a warning  against  the  present  policy  of  adding 
year  by  year  to  the  mileage  of  the  existing 
companies  in  the  fear  apparently  of  creating 
any  new  ones.  At  present,  the  railways  in 
India  are  principally  under  the  control  of  14 
large  administrations,  which,  with  their  present 
open  mileages  and  lines  under  construction, 
will  before  long  stand  approximately  as 
follows  : — 

Railways  Worked  hy  Gcnjernmei%t. 


Miles. 

North-Western  State  3>8oo 

Eastern  Bengal  State  950 

Oude  and  Rohilkund  1,000 

East  Coast  State  850 

Railways  Worked  hy  Companies. 

East  Indian  State 2,250 

Bombay  and  Baroda 2,300 

Bengal  Nagpore  1,250 

Indian  Midland 1,100 

Great  Indian  Peninsula  1,650 

Madras  9^ 

Southern  Mahratta  1,560 

South  Indian 1,100 

Bengal  and  North-Western 1,250 

Burma I,i54 


Now,  compared  with  the  largest  of  the 
English  or  American  systems,  three  only,  and 
particularly  the  North-Western  State  Railway, 
reach  or  exceed  their  figures,  but  it  by  no 
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means  follows  that  because  there  are  such 
large  mileages  in  England  or  in  North 
America  under  one  administration,  that  this 
centralisation  is  good,  or,  in  the  widest  sense, 
economical;  still  less,  that  such  large  mileages 
are  suitable  for  India.  The  great  English  and 
American  systems  have  grown  up  under  a 
variety  of  causes,  which  have  compelled  the 
formation  of  these  vast  concerns,  and  which 
causes  are  still  in  operation.  I feel  sure  that 
most  of  the  men  who  have  had  the  experience 
of  dealing  with  systems  of  such  dimensions, 
will  allow  that  they  are  too  large  for  really 
effective  control  and  supervision  of  the  thousand 
opportunities  for  waste,  laxity,  and  loss  of 
business  which  are  constantly  coming  forward 
in  the  management  of  a large  railway  ; know- 
ing, as  they  do,  that  it  is  in  the  savings  of 
pennies  that  the  pounds  of  a dividend  are 
produced,  especially  under  the  stress  of  keen 
competition.  But  whether  very  large  systems 
are  good  or  bad  elsewhere,  I am  satisfied 
that  they  are  a mistake  in  India  ; while  there, 
moreover,  the  Government  has  the  power  to 
prevent  it,  in  being  the  actual  or  potential 
owner  of  all  the  railways.  The  conditions 
under  which  railway  management  is  carried 
on  in  India  differ  very  widely  from  those  found 
in  Europe.  In  the  forefront  stands  the  ener- 
vating influence  of  the  climate,  during  at  least 
six  months  in  the  year.  Next  to  this  are  the 
frequent  and  inevitable  changes  in  the  staff, 
due  to  sickness,  death,  or  family  cares.  These 
imply  that  both  the  head  of  a line  and  his 
heads  of  departments  must  be  frequently  in 
personal  touch  with  men  new  to  their  districts 
or  duties;  and  the  native  staff,  which,  of 
I course,  largely  outnumbers  the  European 
I officers,  requires  incessant  watching.  In  short, 
successful  management  in  India  implies  con- 
stant movement  about  a line,  and  the  attention 
to  details  which  elsewhere,  if  they  arise,  can 
be  safely  left  to  subordinates  for  disposal. 

; This  means  that  only  men  of  first-class 
I physical  and  mental  capacity  can  stand  the 
strain,  and  even  then,  not  for  long.  Ceaseless 
, change  of  men,  and  consequently  of  ideas,  is 
j the  normal  condition  of  all  work  in  India. 
The  selection  of  a good  man  for  a manager, 
agent,  or  head  of  a department,  in  the  majority 
, of  instances,  means  that  he  can  only  be 
' depended  upon  for  a continuous  service  of  a 
few  years,  and  that  a substitute  has  then  to  be 
found  who  will  come  in  for  a shorter  or  longer 
time.  The  conditions  imply  that  the  heads  of 
a railway,  or  the  heads  of  departments,  are 
men  difficult  to  find,  and  that,  when  found. 


should  not  be  overworked,  or  in  other  words 
they  should  not  be  required  to  undertake  duties 
which,  possible  in  Europe  or  in  North  America, 
can  only  lead  to  rapid  breakdown  in  India. 
For  these  reasons,  and  with  a very  sufficient 
experience  of  what  railway  management  means 
in  India,  I am  of  opinion  that  a system  of 
1,500  miles  should  be  the  limit  to  be  en- 
trusted to  one  administration,  and  that  it  will 
be  a fortunate  thing  for  a company  to  find 
a succession  of  men  who  can  face  the 
mental  and  physical  strain  that  this  in- 
volves. Unfortunately  the  mistake  of  creating 
huge  railway  administrations  very  rarely 
shows  on  the  surface.  There  may  be 
loss  of  traffic,  wholesale  waste,  or  peculation, 
with  resulting  loss  of  revenue,  while  the  line 
still  shows  what  is  accepted  as  a proper  and 
reasonable  dividend.  When  existing  contracts 
expire  the  Government  will  have  a free  hand  in 
the  redistribution  of  the  limits  of  each  ad- 
ministration. Within  the  next  two  years  two 
important  contracts  expire,  while  in  less  than 
ten  years  hence  the  contracts  of  the  last  of  all 
the  old  guaranteed  lines  will  have  lapsed. 
The  only  State  railways  now  still  worked  by 
the  State  are  the  Eastern  Bengal,  the  Oude 
and  Rohilkund,  the  East  Coast,  and  the  huge 
and  unwieldy  North-Western  system.  These 
will  doubtless  be  made  over  ere  long,  in  whole 
or  in  part,  to  working  companies,  and  their 
territorial  limits  decreased  or  enlarged  as  may 
seem  advisable. 

I have  laid  stress  on  what  I should  call  the 
pernicious  element  in  the  present  policy  of  the 
Government,  z.e,,  the  retention  of  the  idea  that 
the  State  must  continue  to  exercise  direct 
action  in  both  the  construction  and  working  of 
railwa)^s.  I have  implied  that  this  cannot 
co-exist  with  really  vigorous  life  in  private 
enterprise,  and  that  it  is  the  latter  to  which  we 
should  look  as  the  ultimate  and  sole  agency 
for  such  operations.  If  we  can  persuade  the 
Government  to  take  this  up  as  the  permanent 
basis  for  their  policy,  and  then  deal  with 
proposals  promptly,  reasonably  and  consis- 
tently, Indian  railways  would  only  need 
stability  in  exchange  to  become  a popular 
field  for  investment.  That  this  is  not  now  the 
case  goes  without  saying.  I do  not  here  refer 
to  investments  made  by  corporations  which 
must  be  satisfied  with  2h  or  2|  per  cent.,  which 
have  no  soul  for  enterprise,  or  indeed  the 
power  to  deal  with  their  funds  under  any  such 
conditions — I refer  to  the  class  of  investor 
whose  enlistment  is  a source  of  strength  both 
to  the  Government  and  to  the  company  he  is 
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concerned  in,  to  those  who,  protected  by  the 
assurance  of  a definite  and  permanent  policy, 
will  be  prepared  to  take  reasonable  risks,  and 
consequently  to  interest  themselves  in  the 
management  of  their  own  venture,  and  in  the 
progress  of  the  country  generally.  We  cannot, 
I know,  do  without  the  debenture-holder ; 
indeed,  he  is  generally  the  backbone  of 
finance,  but,  at  the  same  time,  it  is  most 
desirable  to  encourage  the  growth  of  what  I 
may  term  “flesh  and  blood”  in  those  who 
provide  capital  for  Indian  railways.  We  want 
to  increase  the  number  of  people  who  will  have 
a real  and  sustained  interest  in  the  prosperity 
of  India.  This  view  has  doubtless  had  some 
influence  in  inducing  the  Government  recently 
to  favour  proposals  for  the  formation  of  small 
companies  in  India,  with  the  idea  that  capital 
would  be  forthcoming  from  native  investors. 
The  idea  is  a plausible  one,  but  I shall,  I 
think,  be  right  in  holding  that  the  source 
which  is  here  attempted  to  be  tapped,  is  a 
feeble  one,  and  that,  in  reality,  most  of  the 
small  amount  of  capital  which  has  so  far  been 
ostensibly  raised  in  India  in  this  way  has  been 
really  found  in  London.  I do  not,  of  course, 
refer  to  larger  amounts  that  have  been  invested 
in  this  direction  by  native  States.  This  it  is 
desirable  to  encourage  in  every  possible  way ; 
but  to  expect  that  any  considerable  amount  of 
private  capital  can  be  found  for  railway  exten- 
sion in  India,  either  with  a 3 per  cent,  rupee 
guarantee  or  on  other  similar  terms,  is  to 
expect  the  impossible,  at  any  rate  at  the 
present  time,  when  bank  rates  vary  between 
8 and  12  per  cent. 

In  urging  that  the  proposals  of  promoters 
should  be  dealt  with  promptly,  reasonably, 
and  consistently,  I do  not  wish  it  to  be  sup- 
posed that  the  Government  of  India  should  be 
charged  with  acting  otherwise  intentionally, 
but  the  fact  remains  that  the  first  of  these 
essential  conditions  has,  until  quite  lately, 
been  ignored,  while  the  others  may  have  been 
due  to  “ day-to-day  ” changes  of  policy.  As 
to  promptness,  we  have  now  some  relief  in  the 
recent  institution  of  an  annual  committee  in 
India  for  considering  and  deciding  upon  rail- 
way proposals.  To  this  extent  promoters  of 
Indian  projects  are  placed  on  a similar  footing 
to  those  at  home.  But  the  Indian  committee 
is  wanting  in  two  essential  features  of  a 
Parliamentary  inquiry,  insomuch  that  it  is 
closed  to  the  public,  and  that  it  does  not 
encourage,  nor,  as  far  as  I am  aware,  allow 
the  presence  or  advocacy  of  representatives  of 
promoters.  It  is,  in  effect,  a secret  committee  ; 


its  proceedings  are  not  even  made  public,  and, 
in  some  instances,  to  my  own  knowledge,  the 
decision  of  the  committee  has  not  even  been 
communicated  to  the  promoters.  If  I were  to 
launch  an  allegation  of  unreasonableness  and 
inconsistency  against  the  decisions  and  agree- 
ments made  with  projectors,  I should,  I think, 
be  supported  by  nearly  everyone  who  has 
interested  himself  in  Indian  railway  schemes, 
and  now  that  I see  things  as  it  were  from  the 
outside,  in  the  course  of  business  here,  I 
cannot  but  admit  that  there  might  be,  or  even 
that  there  is,  good  ground  for  such  allegation. 
It  may  be  granted  that  the  attitude  of  a 
Government  towards  the  representative  of  a 
company,  or  that  much-maligned  individual, 
the  promoter,  should  be  deliberate  and  cautious ; 
it  may  be  granted  that  no  two  projects  have 
precisely  similar  conditions,  and  we  may  make 
full  allowance  for  the  very  human  desire,  well- 
developed  in  the  Government  of  India,  to  catch 
whales  by  baiting  with  sprats  ; but  I cannot 
believe  that  it  is  necessary,  or  that  it  is  good 
policy,  to  allow  such  considerations  to  have  so 
much  weight  as  to  prevent  the  possibility  of 
having  one  simple  and  standard  form  as  a 
basis  of  agreement  for  all  new  projects,  instead 
of  the  complicated  terms  and  conditions  which 
result  from  undignified  higgling  on  both  sides. 
There  is  now  no  certainty  whether  capital  will, 
or  will  not,  receive  a guarantee,  or,  if  this  will 
be  given,  whether  in  sterling  or  in  rupees  ; no 
certainty  as  to  share  of  through  traffic  or  of 
surplus  profits  ; while  the  restrictions  and 
uncertainty  as  to  the  amount  to  be  allowed 
for  financing  and  floating  a company  seem 
to  be  determined  more  by  chance  than  by 
considerations  of  the  conditions  of  the  scheme, 
and  of  the  money  market,  at  the  time. 
Under  such  conditions,  there  need  be  no 
surprise  at  the  feeble  response  which  has 
been  made  of  late  years  to  the  offers  made 
by  Government  to  private  enterprise  in  rail- 
ways. Yet  if  money  is  wanted  for  a collier}’’, 
a jute-mill,  tea  gardens,  inland  steam  naviga- 
tion, it  is,  if  the  scheme  be  well  supported  in 
its  first  stages,  raised  without  difficulty,  and 
being  free  from  the  action  of  the  Government, 
the  negotiations  are  conducted  and  brought  to 
an  issue  promptly,  reasonably,  and  in  a busi- 
nesslike way.  But  to  promote  a railway 
scheme  has  hitherto  meant  months,  or,  more 
generally,  years  of  negotiation,  of  reference  to 
and  fi-om  the  Government  at  Calcutta  and  the 
Home  Government,  and  of  certainty  that  if  an 
affirmative  decision  is  obtained,  it  will  be  sur- 
rounded with  conditions  or  restrictions  such  as 
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^ to  make  it  most  difficult,  if  not  impossible,  to 
finance. 

I must  now  turn  to  what  I may  call  a minor, 
I]  though  still  exceedingly  important,  phase  of 
: recent  railway  policy.  I refer  to  the  old-stand- 

Iing  question  of  gauge.  I have  mentioned  that 
the  gauge  fixed  at  the  first  for  the  trunk  lines 

I!  was  5^  feet,  and  that  this  held  the  field  until 
I 1869-70,  when  the  metre-gauge  was  introduced 
for  subsidiary  or  feeder  railways.  I think  that 
f no  other  particular  virtue  was  claimed  for  this 
: distance  between  the  rails  over  3 feet  or  3^ 

, feet,  than  that  it  might  be  the  thin  end  of 
I the  wedge  for  forcing  a metric  system  on  the 
’ country,  and  the  unfortunate  State  railway 
engineers  were  charged  with  initiating  it,  a 
i task  which  added  much  to  their  day’s  work, 
and  enriched  their  vocabulary  in  a certain 
I direction.  I need  not  detail  their  troubles  ; it 
is  enough  to  say  that  the  gauge  alone  remains 
as  the  fragmentary  result  of  a well-intentioned 
eifort.  The  original  scope  of  metre-gauge 
railways,  i.e.,  as  mere  branches  from  the  main 
lines,  was  very  soon  largely  widened.  It  has 
become  the  gauge  for  large  arterial  systems, 

, embracing  many  hundreds  of  miles,  and 
I carrying  a traffic  as  heavy  as  that  offered 
j on  many  sections  of  the  broad  gauge.  More 
than  this,  these  metre-gauge  systems  have 
been  extended  so  as  to  become  competitors  in 
the  same  field  with  the  broad-gauge  lines,  and 
have  consequently  increased  the  difficulty  of 
the  problem  of  determining  territorial  limits. 
A prominent  recent  example  of  what  this  may 
lead  to,  for  want  of  fixity  of  principle,  and  as 
an  evidence  of  the  way  in  which  the  Govern- 
ment itself  is  open  to  attack  in  working  State 
railways,  is  to  be  seen  in  the  Government 
having  been  forced  by  pressure  from  home,  to 
make  a metre-gauge  line  alongside  its  own 
standard-gauge  line,  betw'een  Lucknow  and 
Cawnpore,  in  the  interest  of  a metre-gauge 
company.  Had  the  State  railway  been  under 
administration  by  another  working  company, 
there  can  be  but  little  doubt  that  this  very 
questionable  operation  would  have  been  stayed. 
Ever  since  the  introduction  of  the  metre  gauge, 
the  gauge  question  has  produced  an  annual 
crop  of  difficulties  of  more  or  less  importance. 
In  1889  a serious  attempt  was  made  to  arrive 
at  a systematic  demarcation ' of  the  geo- 
; graphical  limits  for  each  gauge,  and  a 
’ proposal  was  sent  home  to  the  Secretary  of 
I State  (then  Lord  Cross),  in  which  it  was  sug- 
gested that  certain  areas,  then  occupied  by 
the  metre-gauge,  should  be  reserved,  as  a rule, 
for  that  gauge ; but  that,  exclusive  of  these 


areas,  it  should  be  an  absolute  rule  that  no  new 
main  line  should  be  constructed  except  on  the 
standard-gauge.  It  was  also  proposed  that  no 
material  expansion  of  the  existing  metre-gauge 
systems  should  be  allowed,  and  that  even  the 
area  now  in  its  possession  should  not  be  held 
to  be  permanently  surrendered  to  it,  in  view  of 
the  possible  future  necessity  of  adopting  a 
uniform  gaug3.  These  proposals  received  no 
practical  support  from  the  Home  Government. 
The  whole  question  is  now  in  greater  confusion 
than  ever,  and  is  now  further  complicated  by 
the  introduction  of  gauges  of  2\  feet  and  2 feet 
for  branches  from  the  main  lines.  These  in 
their  turn  may  develop  into  important  systems, 
and  we  seem  to  be  drifting,  in  this  matter,  in  a 
condition  of  chaos.  It  is,  in  my  opinion,  most 
urgently  necessary  that  this  question  should  be 
the  subject  of  inquiry  and  decision  by  an 
authoritative  committee,  and  preferably  in  this 
country. 

In  concluding  this  paper,  I must  freely  allow 
that  it  very  inadequately  fulfils  its  title  ; but  I 
may  urge  that  within  such  reasonable  limits  as 
I can  expect  your  patience  to  extend  to  me,  it 
is  impossible  to  do  m.ore  than  make  it  a sug- 
gestive contribution  to  your  record.  I should 
also  add,  that  I particularly  desire  to  deprecate 
the  idea,  that  in  what  I have  said,  I may  have 
given  too  little  credit  to  the  Government  of 
India,  for  its  earnest  and  sustained  efforts  in 
recent  years,  to  continue  the  progress  of  rail- 
way extension  in  the  face  of  most  serious 
obstacles.  I have  had  no  such  intention.  To 
the  administrations  of  Lord  Lansdowne  and  of 
Lord  Elgin,  in  this,  as  in  many  other  direc- 
tions, our  Indian  Empire  owes  a deep  debt  of 
gratitude  and  ungrudging  acknowledgment 
for  the  courage  and  devotion  which,  in  the 
face  of  perils  on  all  sides,  has,  while  maintain- 
ing the  credit  of  the  country,  done  so  much  for 
its  public  works.  What  I have  mainly  aimed 
at,  is  to  suggest  that  recent  railway  policy  has 
been  influenced  by  a disturbing  factor  which, 
if  eliminated,  might  have  lessened  our  troubles 
and  enabled  us  to  show  better  results. 


DISCUSSION. 

The  Chairman  said  he  had  to  move  a cordial  vote 
of  thanks  to  Mr.  Horace  Bell,  and  they  would  all 
agree  that  this  was  an  admirable  paper,  giving  a veiy 
comprehensive  view  of  the  general  railway  policy  in 
India ; that  the  opinions  expressed  in  it  were  bold, 
and  at  the  same  time  the  author  went  into  practical 
details  of  the  highest  value  to  all  interested  in  Indian 
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railways.  He  had  framed,  certainly,  a formidable 
indictment  against  the  direct  administration  of  rail- 
ways by  the  State,  and  wished  to  confine  its  efforts 
to  control  over  those  lines.  In  that  matter  he 
sympathised  with  Mr.  Bell  a good  deal,  but  was 
surprised  that  he  should  think  it  possible,  when  the 
Royal  Engineers  in  India  had  got  hold  of  railways 
with  all  the  possibilities  of  power  and  patronage  that 
such  an  administration  offered  them,  that  they  were  at 
all  likely  ever  to  let  go  their  hold.  He  thought  he 
underrated  both  their  power  and  tenacity  of  purpose 
if  he  imagined  that  the  views  he  sketched  out  could 
ever  be  carried  into  effect.  They  would  have  to 
reconcile  themselves  to  State  administration  in  India. 
He  had  no  doubt  that  the  company  system  was 
originally  the  best,  that  Lord  Dalhousie  was  an 
exceptional  man  who  went  to  India  as  Viceroy  at  a 
fortunate  moment.  He  had  that  gift  which  dis- 
tinguished a really  great  man  from  men  of  mere 
talent,  the  gift  of  foresight.  He  took  very  broad 
views  of  what  could  be  accomplished  by  the  con- 
struction of  railways  in  India ; he  did  not  want  to 
make  them  pay  immediately,  for  he  knew  that  could 
not  be  done — that  they  would  have  to  create  their 
own  trade  to  a great  extent,  but  he  hoped  that  in  the 
future  they  would  indirectly  benefit  the  country  even 
more  than  they  benefited  the  shareholders.  No 
doubt  his  conceptions  of  a really  grand  railway  policy 
had  been  fulfilled  in  a far  higher  degree  than  he  could 
have  hoped  for,  for  railways  had  conferred  inestimable 
benefits  on  India.  If  they  had  gone  on,  on  the  same 
system,  although  no  doubt  terms  were  agreed  upon 
originally  which  gave  the  shareholders  a large  return 
for  their  investment,  and  they  might  have  been 
modified ; if  the  Indian  Government  had  confined 
themselves  to  this  one  system  of  raising  money  he 
believed  they  would  have  done  much  better  than  by 
all  the  changes  to  which  they  had  had  recourse.  He 
quite  agreed  that  the  Indian  Government  were 
hampered  by  the  necessity  of  finding  'i^oney.  They 
imagined  that  these  railways  would  not  bring  in  the 
revenue  they  had  done  ; they  had  not  the  same  faith 
that  Lord  Dalhousie  and  Lord  Cromer  showed  after- 
wards ; they  thought  they  must  get  money  somehow 
or  other,  and  were  at  their  wits’  end  how  to  construct 
railways  without  burdening  the  revenues  of  the 
country.  No  doubt  they  were  bound  down  to 
a considerable  extent  by  their  dread  of  transgressing 
the  resolution  passed  by  the  House  of  Commons, 
which  said  that  railways  should  be  extended,  but 
at  the  same  time  there  must  not  be  any  increase 
of  taxation  in  India.  No  doubt  they  made  a great 
mistake  in  the  time  of  Lord  Lawrence  in  introducing 
an  entirely  new  system.  The  metre  gauge  was  a 
colossal  blunder.  He  did  not  say  there  was  no  use 
for  metre  gauge  railways  in  their  own  proper  sphere, 
but  to  introduce  a break  of  gauge  on  grand  trunk 
lines,  really  cost  that  country  millions  of  money.  The 
blunder  had  to  be  repaired  at  any  cost,  and  the 
railways  were  pulled  up,  and  the  broad  gauge  laid 
down  again.  Even  now  there  was  the  monstrous 


system  of  having  a break  of  gauge  on  the  important 
trunk  line  between  Bombay  and  Delhi,  which  the 
Chambers  of  Commerce  of  Bombay  and  elsewhere 
vainly  protested  against.  There  had  not  been  much 
done  in  the  way  of  extending  the  original  blunder,, 
and,  as  far  as  his  recollection  served  him,  the  only 
metre  gauge  which  had  been  sanctioned  within  the 
last  year  or  two,  was  the  short  line  for  linking  up  the 
great  metre  gauge  system  which  now  extended  all 
over  India,  and  it  was  undoubtedly  necessar}'  to  bring 
those  lines  together,  and  have  a complete  metre 
gauge  system  so  that  the  rolling  stock  could  run  over 
continuously.  Another  point  Mr.  Bell  referred  to 
was  the  difficulty  of  saying  whether  the  guarantee 
should  be  given  in  sterling  or  in  rupees,  but  that 
appeared  to  him  a comparatively  small  point,  because 
the  man  who  put  money  into  an  investment  of  that 
kind,  if  he  were  going  to  get  his  interest,  paid  in 
rupees,  would  make  the  terms  such  that  the  pa}Tnent 
would  cover  the  exchange.  He  had  to  convert  his 
money  ultimately  into  sterling,  and  if  it  were  paid  in 
rupees  he  would  naturally  ask  for  a little  more  in  the 
way  of  interest  to  cover  the  cost  of  exchange.  Mr, 
Bell  defended  the  guarantee  system,  saying  that 
private  enterprise  would  not  invest  money  in  Indian 
railways  without  a guarantee  of  some  kind.  He  did 
not  suppose  that  would  ever  have  been  possible. 
Certainly,  it  was  not  possible  after  all  the  best  routes  in 
the  country  had  been  connected  by  highly-subsidised 
lines  to  get  investors  in  this  country  to  put  a large 
amount  of  money  into  schemes  which  were  not  likely  to 
be  so  profitable  as  the  original  ones  and  get  no  guarantee. 
He  did  not  know  of  any  country  Avhere  English 
investors  put  their  money  into  large  public  works 
without  some  concession  from  the  State.  Mr.  Aird 
was  now  carrying  on  a tremendous  work  on  the  upper 
part  of  the  Nile  for  irrigating  an  immense  extent  of 
territory  never  cultivated  before,  and  he  was  to  receive 
a very  valuable  concession  from  the  Egjptian  Govern- 
ment, and  the  payments  were  to  be  extended  over 
thirty  years.  It  seemed  to  him  to  be  a very  valuable 
work  he  had  undertaken,  and  it  was  quite  certain  they 
W'ould  not  be  able  to  abandon  Egypt  until  Mr.  Aird 
was  paid  his  money.  That  was  an  example  of  the  kind 
of  great  public  work  that  English  capitalists  undertook 
abroad ; there  was  nothing  at  all  exceptional-  in 
the  Indian  railway  system,  which  on  the  whole  had 
been  justified  by  the  great  results  already  obtained. 
Taking  the  guaranteed  raihvays  alone,  apart  from 
the  works  constructed  by  the  State  avowedly  for 
military  purposes,  the  results  were  simply  magnificent. 
You  could  only  judge  of  tl^em  by  counting  the  old 
East  Indian  Company  as  one  of  the  original  guaranteed 
companies.  It  was  now  put  down  erroneously  in 
the  railway  returns  as  a State  line,  and  so  the  great 
revenues  of  that  w^onderfully  productive  line  were 
credited  to  the  State  instead  of  to  the  guaranteed 
companies.  There  was  unquestionably  room  for  the 
construction  of  a great  number  of  new  railways  in 
India.  Perhaps  it  was  going  a little  be}'ond  the 
scope  of  the  paper  to.  suggest  that  it  would  not  be 
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a bad  thing  if  the  Indian  Government  were  to  take 
a more  imperial  view  of  the  mode  of  furthering  their 
productiveness.  It  always  seemed  a pity  to  him  that 
the  Government  out  there  had  lost  the  initiative  in 
malcing  great  imperial  changes  in  the  way  of  public 
works.  They  were  bound  down  by  the  old  notion 
that  they  were  only  to  make  railways  within  India 
itself,  but  would  it  not  be  very  advantageous  if  they 
could  help  in  accomplishing  some  such  scheme  as  was 
suggested  30  years  ago  of  making  an  overland  route 
to  India  ? Russia  took  the  initiative  in  making  an 
overland  railway  across  the  length  and  breadth  of 
Asia,  whilst  we  did  nothing  in  that  respect.  He 
was  convinced  that  it  would  be  an  advantage  to  the 
Indian  railway  system  if — as  was  suggested  lately  in 
a paper  read  at  the  Imperial  Institute — we  continued 
the  line  down  into  Ceylon  as  far  as  Colombo,  one  of 
the  great  naval  bases  of  the  East,  and  if  in  the  north 
they  were  not  afraid  to  push  on  the  railway  system  to 
Candahar  and  to  Herat,  and  to  have  a really  overland 
line  to  India  constructed  throughout  Asia.  That 
would  be  worthy  of  the  imperial  reputation  of 
England,  and  would  be  a great  work,  which,  if  not 
immediately  productive,  would  be  to  the  advantage  of 
our  power  and  prestige  in  the  East.  He  must  apolo- 
gise for  refening  to  this  matter,  but  it  was  one  which 
he  had  often  mentioned  in  the  House  of  Commons, 
and  was  always  told  that  it  was  far  in  advance  of  the 
time.  He  was  sorry  to  see  Russia  was  undertaking 
<lesigns  which  England  shrank  from,  and  thought  it 
would  be  very  much  better  for  our  character  as  a 
great  ruling  power  in  the  Asiatic  continent  if  we 
showed  greater  rivalry  with  Russia  in  that  matter. 

Mr.  W.  S.  Seton-Karr  said  he  should  not 
discuss  the  various  modes  of  constructing  railways 
in  India,  or  touch  on  the  battle  of  the  gauges,  but 
should  confine  his  remarks  to  the  commencement  of 
the  railway  system,  which  he  well  remembered  in  the 
time  of  Lord  Dalhousie,  and  which  was  foreshadowed 
by  Lord  Hardinge.  His  friend  Sir  George  Campbell 
osed  to  say  that  in  India  official  life  was  very  short, 
but  official  productions  were  very  long,  and  Lord 
Dalhousie’s  celebrated  minute  on  railways  was  no 
exception  to  the  rule,  for  it  contained  loi  paragraphs, 
and  really  led  on  to  the  construction  of  all 
the  extensive  lines  to  which  Mr.  Bell  had  alluded. 
There  was  considerable  discussion  at  the  time,  and 
he  had  it  on  the  highest  authorities,  including  Sir 
John  Grant,  that  had  it  not  been  for  the  guarantee 
by  Sir  Charles  Wood,  afterwards  Lord  Halifax,  of 
5 per  cent,  paid  to  capital  before  the  line  was  opened, 
the  construction  of  Indiap  railways  would  have  been 
indefinitely  delayed,  or  certainly  it  would  not  have 
attained  the  proportions  it  had.  He  remembered 
perfectly  well  that  by  the  direction  of  Lord  Dalhousie, 
he  wrote  the  letter  to  the  late  Charles  H.  Lushington 
appointing  him  Special  Commissioner  to  make  over 
the  land  to  the  railway  company  which  involved  com- 
pensation to  the  tenants  who  were  disturbed,  and  a 
reduction  of  revenue  to  the  Zemindars  through  whose 


lands  it  passed.  As  an  instance  of  Lord  Dalhousie’s 
sagacity,  when  there  was  a little  discussion  whether  land 
should  be  taken  sufficient  for  a double  line  or  a single, 
he  said  with  his  characteristic  promptness,  “Take it  for 
two  lines  ; they  may  not  be  wanted  for  some  time,  but 
they  will  be  wanted  some  day.”  He  also  recollected 
that  in  the  Mutiny  the  railway  was  only  opened  to 
Ranigunge,  120  miles  from  Calcutta,  and  General 
Neill  and  the  Madras  Fusiliers  who  came  up  to  take 
part  in  the  operations,  were  sent  forward  from  that 
terminus  in  carriages  of  six  or  eight  men  in  each.  In 
i860  the  railway  was  opened  from  Calcutta  to 
Rajamahal,  which  is  now  on  a branch,  but  was  then 
a terminus.  A luncheon  was  given  to  celebrate  the 
opening,  and  the  late  Sir  John  Grant  amused 
the  guests  by  saying  that  while  these  trips  had 
occupied  six  or  eight  hours,  in  1828  or  1829  he 
had  gone  up  the  country  by  the  Sunderbunds 
and  arrived  at  Rajmahal  within  a month,  and  was 
congratulated  by  his  friends  on  his  prosperous  and 
rapid  journey.  There  was  one  slight  mistake  of  date 
in  the  paper.  Lord  Lawrence  was  not  in  India  in 
1869-70,  but  left  at  the  commencement  of  1869,  and 
the  railway  administration,  though  no  doubt  improved 
and  modified  afterwards,  was  then  in  the  hands  of 
Lord  Mayo.  When  the  speaker  left  India  at  the  close 
of  1896  there  were  some  5,000  miles  of  railway  open, 
but  he  learned  now  that  there  were  more  than  20,000. 
How  this  had  contributed  to  the  security  of  the  State, 
the  promotion  of  commerce,  and  the  relief  of  famine, 
they  were  all  as  well  able  to  judge  as  he  was. 

Sir  JULAND  Danvers,  K.C.S.I.,  said  he  had 
been  connected  with  Indian  railways  from  their 
infancy,  and  it  was  naturally  interesting  to  him  to 
hear  an  account  of  their  rise  and  progress  from  so 
qualified  an  obser\er.  He  recollected  veiy  well  the 
discussions  in  this  country  when  proposals  were 
first  brought  forward  of  this  kind.  There  was  Lord 
Dalhousie’s  grand  proposal  for  trunk  lines,  and  the 
suggested  policy  was  to  commit  them  to  companies. 
The  discussion  took  various  forms,  and  there  were 
great  differences  of  opinion.  Some  thought  it  was 
premature  to  attempt  to  introduce  railways  at  all,  and 
he  recollected  one  gentleman  of  long  Indian  ex- 
perience who  expressed  the  opinion  that  the  railways 
might  be  made  but  the  natives  would  never  use  them. 
The  opening  of  the  first  railway  showed  how  erroneous 
that  idea  was.  The  terms  of  the  original  contracts  of 
course  were  such  as  would  not  be  dreamed  of  in  the 
present  day,  but  circumstances  then  were  veix* 
different.  At  that  time  the  value  of  money  was  \ery 
different  ; India  was  unknown  and  many  circum- 
stances existed  which  prevented  private  enterprise 
from  embarking  in  railways  in  that  country.  It  was 
absolutely  necessary  for  the  authorities,  consisting  of 
the  old  Court  of  Directors  and  the  Board  of  Control, 
to  conceive  some  plan  by  which  capitalists  might  be 
induced  to  furnish  the  money.  The  discussion  ended 
in  much  higher  tenns  being  granted  than  might  have 
been  expected  when  the  thing  was  first  mooted.  At 
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first  he  believed  4 per  cent,  would  have  been  suffi- 
cient, but  the  money  market  changed  and  before  the 
agreement  was  entered  into  5 per  cent,  was  found  to  be 
necessary.  Railways  had  gone  on  and  the  scheme  of 
Lord  Dalhousie  was  commenced  and  carried  on  with- 
out interruption,  through  war,  through  mutiny, 
through  disturbances  of  aU  kinds,  through  famines 
and  financial  difficulties.  Then  after  a time  it  occun-ed 
to  the  Government  that  a change  was  desirable.  The 
railways  had  been  costly,  the  results  were  not  such  as 
had  been  expected,  and  they  thought  something 
should  be  done  to  ensure  economy.  The  new  plan 
was  introduced  by  Lord  Lawrence  and  carried  out 
partly  by  Lord  Mayo.  He  was  rather  amused  at  that 
part  of  the  paper  which  referred  to  the  jubilant  state 
of  the  sen  ice  of  which  the  reader  of  the  paper  was  a 
member  when  the  decision  was  arrived  at,  and  equally 
pleased  to  find  that  after  mature  reflection  he  came  to 
the  conclusion  that  the  agency  of  companies  was  upon 
the  whole  the  most  satisfactory  mode  of  carrj'ing  out 
railway  enterprise.  That  seemed  to  be  now  the  opinion 
of  the  Government.  Railways  being  commercial 
eoncems  were  better  in  the  hands  of  those  who  could 
manage  them  on  commercial  principles.  At  the 
same  time  the  Government  should  retain  in  its  hands 
the  right  of  ultimate  proprietorship,  and  should  also 
have  a controlling  power  to  see  that  the  interests  of 
the  pubhc  were  duly  considered.  When  that  was 
done  it  seemed  to  him  that  if  the  choice  was 
between  a State  and  a company,  the  latter  was  on  the 
whole  most  desirable.  He  believed  that  half  the 
present  large  extent  of  railways  would  not  have  been 
finished  but  for  the  influence  of  companies.  Mr.  Bell 
had  referred  to  the  variety  of  methods  which  had  been 
attempted.  These  vacillations  of  policy  Avere  not 
Avithout  their  use,  for  in  the  end  he  believed  the  fittest 
Avould  survive  and  the  authorities  of  the  day  Avould  be 
able  to  choose  Avhich  Avas  the  best  system  for  future 
adoption.  It  appeared  to  him  that  the  Government 
had  now  come  to  the  conclusion  that  by  Avhomsoever 
the  railways  Avere  made  they  should  be  Avorked  on 
commercial  principles  by  a joint  stock  company.  The 
great  thing  Avas  to  take  care  that  a free  hand  Avas  given 
to  the  managers,  not  interfering  unnecessarily  or  in  a 
Avay  Avhich  became  irksome  and  discouraging.  The 
main  policy  should  be  to  promote  the  extension  of 
necessary  lines  and  to  ensure  their  efficient  manage- 
ment. 

Lieut. -General  Sir  Richard  Strachey,  R.E., 
G.C.S.I.,  said  no  one  in  the  room  could  doubt  the 
enormous  importance  of  railways  to  India,  neither  could 
anybody  who  kncAV  Avhat  raihvay  construction  and 
management  was  question  the  great  difficulties  that 
necessarily  arose  in  creating  and  developing  a system 
of  raihvays  in  such  a country  as  India.  It  naturally  fell 
to  the  Government  to  initiate  the  scheme  under  which 
the  raihvays  Avere  developed,  and  though  it  Avould  be 
absurd  to  say  that  eveiydhing  the  Government  had 
done  had  been  wise,  yet,  speaking  generally  he  was 
satisfied  that  what  had  been  done  had,  humanly 


speaking,  produced  as  good  results  as  could  have 
been  anticipated.  The  difficulties  in  the  Avay  Averei 
very  great,  and  the  greatest  of  them  Avere  those! 
attending  their  financial  consequences.  It  Avasi 
all  very  Avell  to  talk  about  the  advantage  of 
making  railways,  and  making  them  rapidly  ; 
of  course,  this  was  desirable  if  it  could  be  done, 
but  to  attempt  to  construct  railways  at  anything 
beyond  a moderate  speed  led  to  trouble  and 
difficulty,  and  if  it  had  been  pushed  too  far  AA’ould 
haA’e  led  to  serious  financial  trouble.  Hoaa"  could  yon 
possibly  have  covered  India  Avith  thousands  of  miles 
of  railway,  and  bring  home  profits  to  pay  the  necessary 
charge  on  the  capital  invested,  unless  the  commerce 
of  India  had  developed  sufficiently  to  admit  of  the 
remittance  } It  AA-as  impossible.  Equally,  until  the 
countrA'  became  fitted  for  the  increased  and  improved 
system  of  communications,  raihvays  Avould  have  been 
throAA'n  aAvay.  The  propriety  of  a good  deal  of  Avhat 
the  GoAemment  had  done  might  be  questioned,  and 
no  doubt  their  policy  had  been  Avavering  ; for  a long 
series  of  years  they  might  be  said  to  have  had  no 
policy,  but  that  again  Avas  not  a little  dependent  on 
the  fact  Avhich  had  been  alluded  to,  that  the  life  oT 
an  Indian  statesman  Avas  veiy  brief ; moreover,  the 
peculiar  constitution  of  the  Government  of  India  had 
practically  placed  the  control  of  the  railways  in  the 
hands  of  gentlemen  Avho  kneAv  absolutely  nothing 
about  them.  He  Avas  speaking  of  those  at  the  head. 
The  officials  under  them,  the  professional  authorities 
of  AA'liom  Mr.  Bell  Avas  a specimen,  had  been  excellent, 
but  the  gentleman  in  the  Council  of  the  Govenor- 
General  who,  from  time  to  time,  had  charge  of  the 
raihvay  administration  could  have  had  no  experience  of 
railAA'ays,  and  his  brief  tenure  of  office  did  not  admit 
of  his  acquiring  the  knoAvledge  or  experience  Avhich 
alone  Avould  make  him  a satisfactor\*  head  of  that 
branch  of  administration.  What  might  be  the  remedy 
AA-as  another  question,  Avhich  he  Avould  not  attempt  to 
ansAA’er,  but  the  difficulty  AA*as  no  doubt  great.  The 
advantage  Avhich  was  obtained  in  England  from  the 
prolonged  experience  of  members  of  the  House  of 
Commons  in  controlling  raihA-ay  administration  and 
construction  it  Avas  impossible  to  obtain  in  India. 
There  was  no  means  of  establishing  a body  of  control 
such  as  a committee  of  the  House  of  Commons. 
Mr.  Bell  had  referred  to  a committee  Avhich  the 
Government  of  India  had  started  to  discuss  raihvay 
questions,  but,  as  he  said,  it  Avas  a secret  tribunal, 
nobody  outside  of  it  kneAv  AA-hat  AA’as  to  be  put  before 
it,  the  nature  of  the  conclusions  amved  at,  and  still  less 
the  grounds  on  Avhich  they  Avere  come  to.  If  there 
AA-ere  competing  interests  to  be  considered,  none 
of  the  parties  concerned  recehed  the  smallest  intima- 
tion of  AA'hat  Avas  going  to  be  brought  before  the 
committee.  No  doubt  the  intention  AA-as  excellent, 
and  perhaps  it  enabled  the  Government  officers  to 
bring  their  ideas  together  and  form  the  best  con- 
clusions they  could.  The  Chairman  had  referred  to 
the  tyranny  and  predom'nance  of  the  Royal  Engi- 
neers, in  the  Indian  Public  Works  Department,  and 
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he  might  be  glad  to  hear  that  that  was  gone  so 
far  as  railways  were  concerned,  for  railway  adminis- 
tration was  no  longer  mainly  in  the  hands  of  the 
Royal  Engineers  but  of  Civil  Engineers.  No  doubt  a 
certain  number  of  subordinate  officers  were  Royal 
Engineers,  but  the  virtual  head  of  the  Department 
was  a civilian,  and  so  were  the  chief  officers.  Naturally 
he  did  not  consider  a man  any  the  w^orse  for  being  a 
Royal  Engineer,  his  experience  was  altogether  in 
the  other  direction,  and  he  was  happy  to  say  that 
the  officer  now  in  charge  of  the  railway  with  which 
he  was  chiefly  concerned  was  an  R.E.,  and  his 
management  of  the  East  Indian  Railway,  the 
magnitude  of  the  traffic  on  which  approached  some 
of  the  larger  English  lines,  was  unsurpassed.  He 
was  surprised  that  Mr.  Bell  had  not  made  more 
specific  allusion  to  the  great  change  which  took  place 
in  the  management  of  the  East  Indian  Railway  in 
1880,  when  it  was  bought  by  the  Government,  and  its 
administration  under  the  company  which  was  then  re- 
constituted began.  As  he  understood,  the  disposition 
of  the  Government  since  that  time  had  been  to  entrust 
the  working  of  the  railw’ays  to  companies,  leaving  the 
ownership  in  the  hands  of  the  Government,  and  he 
thought  that  this  had  grown  into  an  established  policy. 
He  agreed  that  Government  ought  to  exercise  control, 
but  at  the  same  time  it  should  be  exercised  in  a 
reasonable  way.  Interfering  w'ith  small  details  not 
only  did  no  good  but  did  mischief.  If  the  whole  of  the 
petty  expenditure  was  to  be  overhauled  by  the  Govern- 
ment officers  the  result  must  be  that  the  companies’ 
officers  naturally  took  less  care  than  they  otherwise 
would ; it  destroyed  their  sense  of  responsibility,  which 
was  a great  evil.  With  regard  to  what  Mr.  Bell 
considered  the  tendency  to  excessive  grow'th  in  the 
magnitude  of  Indian  railway  administration,  he  ven- 
tured to  doubt  wffiether  this  had  really  gone  too  far. 
The  East  Indian  Railway  (to  which  he  had  given  rather 
more  mileage  than  it  really  possessed)  was  almost 
the  largest,  but  was  certainly  one  of  the  best,  if  not 
the  best  managed  of  any  railway  in  India ; he  did  not 
think  any  one  denied  that.  There  was  a great 
advantage  in  many  respects  in  having  a considerable 
mileage.  The  incidence  of  the  general  charges  were 
reduced,  the  scope  for  making  improvements  was  in- 
creased, and  also  the  power  of  the  railway  to  be 
liberal  to  the  public. 

Lieut. -Colonel  E.  L.  Marryat,  R.E.  (Bengal 
and  North-Western  Railway  Company)  said  it  was 
not  necessary  to  go  much  further  into  the  past,  for  in 
spite  of  all  the  alterations  of  policy  there  were  now 
over  20,000  miles  of  railway  In  India,  earning  on  an 
average  5|  per  cent,  on  the  whole  capital,  and  he  did 
not  think  any  other  country  in  the  world  could  say  the 
same.  That  spoke  well  for  the  Indian  Government, 
but  what  Mr.  Bell  was  looking  to  he  thought  was 
rather  more  to  the  future,  and  what  he  wanted  was 
first  to  do  away  with  the  Government  State  Railway 
Department,  appearing  to  think  that  if  that  was 
done  away  with,  private  enterprise  would  have  a freer 


hand.  He  thought  that  would  be  impossible,  because 
every  important  line  was  now,  or  would  shortly  be,  the 
property  of  the  Government,  and  therefore  the  Indian 
railway  system  was  a huge  monopoly.  Take  any  huge 
monopoly  like  the  Post  Office,  and  you  found  they  were 
not  anxious  to  encourage  private  enterprise ; they  did 
their  best  to  put  down  boy  messengers,  and  everj'thing 
else  of  that  kind.  Private  enterprise,  therefore,  could 
not  have  a free  hand.  India  did  not  now  want  a big 
heroic  system  of  lines,  but  a large  number  of  small 
lines,  from  20  to  30  miles  in  length,  to  feed  the  trunk, 
lines,  and  it  was  very  difficult  to  get  capital  for  them. 
In  the  first  place  the  large  companies  were  not  always 
anxious  to  have  smaller  companies  to  make  them. 
As  far  as  the  system  with  which  he  was  connected 
was  concerned,  it  intended  to  keep  all  the  good 
branches  for  itself,  but  if  there  were  any  branch 
which  seemed  doubtful,  he  should  be  glad  if  some^ 
body  else  would  make  it,  and  no  doubt  most  other 
railways  looked  at  the  matter  in  the  same  way. 
Again,  the  terms  which  the  Government  offered  of  a 
3 per  cent,  rupee  guarantee  were  absurd  when  money 
in  the  Bazaar  fetched  15  per  cent,  and  Government 

3 and  3|  per  cent,  rupee  paper  was  considerably  below 
par.  They  might  talk  about  the  investor  making  lines, 
but  as  a matter  of  fact  the  investor  did  not  make  them. 
When  a railway  came  out  it  was  taken  up  by  financial 
houses,  and  a very  small  proportion  indeed  was  taken 
up  in  the  first  place  by  the  investor.  These  financial 
houses  had  to  live,  and  they  wanted  something 
better  than  the  Government  or  the  Secretary  of  State 
would  let  them  have.  The  consequence  was  that  you 
could  not  get  any  money  until  greater  inducements- 
were  offered.  The  gauge  question  was  now  settled. 
Mr.  Bell  talked  about  the  effort  made  in  1889 
to  prevent  any  extension  of  the  metre  gauge,  but 
that  move  failed  at  once.  The  fact  was  that  it  was 
simply  an  attempt  to  crush  out  the  metre  gauge,  got 
up  by  a broad  gauge  and  military  clique.  In  one 
point  he  thought  the  author  was  a little  inconsistent. 
He  first  blamed  the  Government  for  not  helping 
private  enterprise,  and  then  when  he  came  to  the 
instance  of  linking  up  the  metre  gauge  system  across- 
to  Lucknow,  he  condemned  them,  and  said  it  was  a 
questionable  operation  w'hich  would  never  have  beei^ 
done  if  it  had  not  been  a private  company.  It  was, 
however,  the  opinion  of  a distinguished  railway  man, 
that  if  a similar  case  had  occurred  here,  instead  of 
taking  six  years  to  get  it  done,  a Parliamentary 
Committee  would  have  done  it  in  six  months.  If 
they  wanted  a further  increase  of  Indian  railways,  a 

4 per  cent,  rupee  guarantee  would  perhaps  do  it,  but 
at  any  rate  he  hoped  when  they  got  a gold  standard  cr 
a fixity  of  exchange,  English  capital  would  flow  to 
India  for  this  purpose. 

Mr'.  J.  A.  Baines,  C.S.I.,  said  he  came  entirely 
as  a learner,  to  sit  at  the  feet  of  his  friend,  Mr.  Bell, 
whom  he  regarded  as  a broad-gauge  Gamaliel,  and 
though  he  was  never  connected  with  railways,  he 
had  pleasant  reminiscences  of  the  sundry  conflicts 
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in  which  he  engaged  with  the  Railway  Department 
when  he  was  in  India.  There  were  only  two  points 
on  which  he  ventured  to  say  a word.  One  was  the 
extension  of  railways,  and  the  other,  Goveinment 
agency.  It  was  very  misleading  to  talk,  as  was  done 
in  one  part  of  the  paper,  of  the  ratio  of  mileage  to 
population.  It  all  depended  on  how  the  population 
was  distributed.  You  could  not  take  any  single 
standard  of  that  sort  for  all  countries.  You  could 
not  adopt  the  same  criterion  for  Bengal  as 
you  could  on  the  prairies  of  Western  America. 
To  judge  of  the  efficiency  of  a railway,  you  must 
look  to  a combination  of  circumstances.  If  you 
wanted  statistics  of  that  sort,  you  must  take  the 
mean  between  population  and  square  mileage,  and 
compare  it  with  the  lineal  mileage,  but  even  that 
would  not  be  a very  good  criterion,  though  it  would 
serve  to  compare  one  province  or  country  with  another. 
The  question  was  whether  a railway  paid  or  not.  It 
paid  best  when  it  exactly  suited  the  circumstances  of 
the  country.  If  you  over-railwayed  a countiy,  you 
lost  money,  and  if  you  under-railwayed  it,  you  lost 
the  development  of  industry  which  the  traffic  gave 
you.  Owing  to  unrestricted  competition  in  America 
and  some  of  our  colonies,  it  had  happened  that  you 
had  an  immense  mileage  of  railways  which  did  not 
pay  at  all.  Japan  had  been  rapidly  developing  her 
railways,  but  he  doubted  whether  they  would  satisfy 
that  criterion.  In  the  same  way,  long  railways  in 
Canada  were  constructed  not  merely  for  revenue 
purposes,  but  almost  as  financial  undertakings, 
and  were  based  on  land  administration  as  well.  It 
made  all  the  difference  whether  you  ran  railways 
through  a new  country  which  required  to  be 
developed,  or  through  a country  like  India,  which 
was  already  filled  up.  With  regard  to  Government 
agency,  it  was  a question  which  it  was  possible  to 
argue  at  great  length,  and  he  did  not  quite  under- 
stand whether  Mr.  Bell  agreed  with  Sir  Richard 
Strachey  about  the  control  of  the  Department,  but  he 
gathered  that  the  general  gist  of  the  paper  was  that 
Government  control  should  still  be  maintained,  what- 
ever happened  to  the  management.  On  the  other 
hand.  Sir  Richard  Strachey  told  them  that  the 
administration  of  railways  was  very  good,  so  far  as 
the  subordinate  officers  were  concerned,  but  it 
was  the  individual  control  which  was  inefficient. 
He  was  much  of  the  opinion  of  Mr.  Bell.  He  should 
like  to  see  railways  placed  under  the  general  control 
of  the  Government,  but  without  its  taking  part  in  the 
direct  administration.  When  a large  undertaking  of 
that  sort  was  placed  in  the  hands  of  a State  Depart- 
ment, there  was  always  the  danger  of  its  being 
throttled  by  too  rigid  adhereucc  to  custom,  but  the 
great  objection  was  the  political  one,  that  it  was 
perfectly  impossible  to  safely  leave  these  large  under- 
takings in  State  hands,  under  a system  of  repre- 
sentative government,  where  the  party  system  pre- 
vailed. If  you  had  these  enormous  interests,  and 
these  enormous  armies  of  employees  under  State 
agency,  you  were  certain  to  get  either  political  or 


pecuniary  corruption.  That  was  seen  in  Australia^ 
and  a serious  question  had  been  raised  in  Canada| 
whether  the  Canadian  Pacific  Railway  was  not  already] 
becoming  too  great  a political  factor  in  the  State^ 
not  only  from  its  possession  of  land,  but  from  the) 
number  of  its  employees.  Every  year  there  was  aj 
great  increase  of  mileage,  new  workshops  established,! 
and  thousands  of  men  employed,  and,  at  one  time,, 
it  was  said  that  the  Canadian  Pacific  could  control 
the  party  distribution  of  the  Canadian  Parliament. 
That  seemed  a very  seiious  objection  in  two  of  our 
greatest  colonies,  and  though  in  India  it  would  not 
be  so  bad,  because  of  the  very  small  proportion  of 
employees  of  our  own  race,  even  there,  there  would 
be  great  danger  of  political  difficulties  from  having 
Europeans  sparsely  scattered  about  in  the  midst  of  the 
native  population.  They  might  be  very  loyal,  but  they 
knew  perfectly  well  that  half-educated  men  sent  out 
there  were  very  likely  to  establish  relations  with  the 
natives  which  no  Government  could  possibly  approve. 
He  spoke  rather  strongly  on  this  point,  because  they 
had  had  an  instance  at  home  in  the  Works  Depart- 
ment of  the  London  County  Council,  and  he  might 
say  that  he  was  himself  an  avowed  opponent  of  any 
material  extension  of  the  direct  employment  of  labour 
by  State  or  municipality. 

Mr.  E.  A.  Cazalet  (President  of  the  Anglo-Russian 
Literary  Society)  said,  the  question  had  been  raised 
in  the  paper,  and  referred  to  in  the  discussion,  of  the 
management  of  railways  by  Government  or  by  private 
companies.  He  was  always  cominced,  as  most  people 
were,  that  private  companies  managed  railways  and 
most  other  things  much  better  than  Governments,  but 
he  had  lived  a good  deal  in  Russia  in  fonner  years,  and 
went  there  a month  or  two  ago  on  a visit,  and  he  came 
back  with  the  conviction  that  since  the  Russian  Govern- 
ment had  taken  over  many  of  the  railways  from  the 
private  companies  the  results  in  the  interests  of  the 
country  had  been  satisfactory.  They  had  the  power 
and  the  means  of  diminishing  the  tariff  both  for  goods 
and  passengers,  and  the  result  was  that  a good 
deal  more  money  remained  in  the  country.  The 
Russians,  who  were  known  to  be  great  travellers,  now 
remained  in  the  country  and  spent  their  money  in 
going  to  the  Caucasus,  the  Crimea,  and  other  places 
instead  of  to  the  mineral  springs  of  Paris,  Carlsbad, 
the  Riviera,  and  so  on.  Another  country  very  different 
from  Russia  in  every  respect,  namely,  Switzerland,  had 
just  adopted  the  system  of  buying  up  the  private 
railways,  and  they  were  going  to  be  conducted  by 
Government.  The  Swiss  w'ere  a shrewd  people  who 
knew  pretty  well  what  they  were  about,  and  he 
thought  these  tw^o  facts  with  regard  to  Russia  and 
Switzerland  were  w'orthy  of  consideration. 

Sir  Owen  Tudor  Burne,  G.C.I.E.,  K.C.S.L, 
said  with  regard  to  Lord  Mayo’s  policy  in  introducing 
the  metre  gauge,  it  must  be  remembered  that  at 
that  time  the  standard  gauge  w’as  so  broad,  much 
broader  than  the  English,  that  the  railways  cost 
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^15,000  to  1 8,000  a mile,  in  fact  they  were 
much  too  big  to  carry  the  traffic  in  certain  parts 
of  India.  Lord  Mayo  only  intended  the  metre 
gauge  to  be  used  for  feeder  lines,  so  that  the  lines 
might  carr)’  a full  freight,  and  he  always  looked 
forward  to  the  time  when  the  interchange  between 
the  narrow'  and  broad  gauge  would  be  of  the  simplest 
kind,  as  was  now  carried  out  in  the  case  of  the 
Barsi  Light  Railway,  where  the  change  of  goods  and 
carriages  w'as  made  wdth  the  greatest  ease  from  one 
gauge  to  another.  The  introduction  of  the  metre 
gauge  was  not  originally  intended  to  be  used  for 
great  trunk  lines  as  successive  Governments  had  since 
made  them.  As  a humble  outsider  he  should  be 
very  sorry  to  see  the  absence  of  State  control  ; 
he  also  regretted  the  so-called  introduction  of 
British  capital,  and  did  not  think  it  had  been 
altogether  a success.  It  was,  no  doubt,  necessary, 
as  the  Government  had  not  the  money  to  expend, 
but  it  had  introduced  difficulties  and  claims  of  every 
kind,  which  had  led,  and  w'ould  lead,  to  very  great 
confusion.  Sir  Richard  Strachey  had  hinted  that 
the  East  Indian  w'as  one  of  the  best  managed  rail- 
w'ays  in  India,  and  he  should  like  to  say,  as  a late 
member  of  the  Council  of  the  Secretary  of  State,  that 
at  the  India  Office  there  w’as  only  one  opinion  about 
that,  namely,  that  the  East  Indian  Railway  w'as  not 
only  the  best  managed  but  the  best  financed  of  any 
railway  in  India.  As  Chairman  of  Council  of  the 
Society  of  Arts,  he  must  express  his  thanks  to  Mr. 
Bell  for  the  extremely  useful  paper  which  he  had 
given  them,  though  he  did  not  agree  with  all  that 
was  in  it ; and  also  to  the  Chairman  for  his  kindness 
in  presiding. 

The  vote  of  thanks  having  been  carried  unanimously, 

Mr.  Bell  said,  in  reply,  that  he  was  sure  it  w’ould 
be  a satisfaction  to  the  Society,  as  it  was  to  him, 
that  the  paper  had  elicited  a discussion  of  such 
interest  and  importance.  He  deprecated  the  idea 
which  had  been  expressed  by  some  of  the  speakers 
that  he  w'as  in  any  way  an  advocate  of  any  particular 
gauge  ; on  the  contrary  he  had  intended  merely  to 
draw’  attention  to  the  w’ant  of  system  in  spreading  the 
different  gauges  over  the  country.  He  must  acknow- 
ledge that  Mr.  Baines’s  criticism  w’as  generally 
theoretically  correct  as  to  comparing  mileage  of  rail- 
ways with  areas  leased  ; but  in  the  case  of  India  and 
Japan  it  might  be  fairly  accepted,  As  regards  the 
mileage  to  be  placed  under  any  one  administration  in 
India,  he  was  quite  ready  to  allow  that  Sir  R. 
Strachey’s  vie’*’s  should  have  great  w’eight,  and  that 
the  conduct  of  the  East  Indian  Railw’av  „d  been 
admirable  ; but  we  must  not  be  influenced  too  much 
by  this  one  example,  nor  must  w’e  even  suppose  that 
the  East  Indian  Railway  could  not  do  better  if  it  w’as 
kept  to  more  reasonable  dimensions.  It  w’as  interesting 
to  future  promoters  to  be  made  aware,  by  Colonel 
Marryat’s  remarks,  that  only  unpromising  branches 
would  be  offered  them  by  the  Bengal  and  North 
Western  Railw’ay. 


Mr.  Ernest  Benedict,  M.Inst.C.E.,  writes  : — 
Mr.  Horace  Bell  is  to  be  congratulated  on  his 
singularly  candid  and  interesting  contribution  to  a 
subject  on  which  so  much  has  been  written  and  so 
much  more  might  be  said,  the  policy  or  policies 
or  want  of  policy  on  the  part  of  the  Govern- 
ment of  India,  with  regard  to  public  works  in 
general,  and  to  railways  in  particular.  The  author 
is  candid  in  that  he  freely  criticises  the  adminis- 
tration of  the  Department  in  which  he  took  so 
important  and  distinguished  a part,  and  his  paper 
is  interesting  as  proving  the  thoroughness  with  which 
men  who  attain  eminence  in  India  identify  themselves 
with  whatever  work  they  may  have  in  hand.  The 
discussion  gave  a further  proof  of  this.  Old  officials 
who,  when  in  office,  w’ere  amongst  the  most  exacting 
upholders  of  the  traditions  of  the  Department,  when 
they  leave  it  for  good  and  throw’  their  lot  in  with 
companies,  become  the  most  caustic  critics  of  official 
ways,  and  their  bitterness  appears  to  be  the  greater 
the  higher  the  rank  they  formerly  held  ; in  fact  it 
seems  as  if  those  that  have  known  the  secret  ways  of 
Government  the  best  during  their  period  of  service 
under  it,  are  just  those  w’ho  consider  it  least  heroic  in 
its  policy,  and  that  the  greater  the  familiarity  with 
this  policy,  the  greater  is  the  contempt  for  it.  The 
writer  has  little  to  add  to  w’hat  Mr.  Bell  has  so  ably 
stated,  and  with  almost  every  word  of  which  he 
thoroughly  agrees.  Indeed  during  the  four  years  for 
which  he  w’as  responsible  for  the  views  enunciated  in 
the  columns  of  the  Indian  (now  the  Indian  and 
Eastern)  Engineer,  he  never  ceased  to  hammer  on 
the  same  anvil  and  to  the  same  purpose  as  Mr.  Horace 
Bell.  I will,  therefore,  confine  my  remarks  to  one 
or  two  points  that  seem  o have  escaped  observation, 
and  to  illustrations  of  some  of  Mr.  Bell’s  remarks. 
It  w’ould  have  been  well  had  Mr.  Bell  given  us  his. 
opinion  on  the  recent  rearrangement  of  the  higher 
Public  Works  officials,  and  on  the  use  and  abuse  of  so- 
called  “ Departmental  ” w’ork.  In  comparing  the  cost 
of  the  older  broad  gauge  lines  with  the  more  recent 
metre  gauge  raihvays,  the  difference  in  price  of  the 
permanent  way  and  of  the  rolling  stock  is  not 
sufficiently  emphasised.  With  regard,  again,  to  the 
loss  in  exchange,  due  to  the  depreciation  of  the  rupee, 
no  account  seems  to  be  taken  of  the  occasional  rise 
in  the  value  of  that  uncertain  coin,  which  rise  acts 
the  other  w’ay.  The  difficulty  in  attracting  capital 
into  raihvay  projects  is  not  altogether  due  to  the 
action  or  inaction  of  the  authorities,  but  also  to  the 
small  dividends  that  may  be  expected  at  the  best  as 
compared  with  those  in  the  other  industrial  enterprises 
mentioned  by  Mr.  Bell ; and,  above  all,  to  the  fluctua- 
tions va  the  value  of  the  rupee.  The  “friction  with 
the  staff  of'  the  companies  ” still  exists.  On  two 
occasions,  and  on  two  different  lines,  the  writer,  when 
chief  engineer,  had  to  reduce  the  speed  of  traffic  on 
lengths  of  line  laid  with  20-year  old  sleepers  before 
he  could  obtain  sanction  to  renew  them  en  bloc.  In 
another  instance  sanction  was  given  to  the  erection  of 
a boat  wharf,  but  not  to  the  dredging  which  would 
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enable  boats  to  utilise  it.  These  instances  might  be 
multiplied  uijinitiim,  and  a very  recent  case  appears 
4;o  be  the  difficulty  the  East  Indian  Railway  experience 
dn  getting  sanction  for  sufficient  rolling  stock  to 
»enable  them  to  deal  with  their  ever-increasing  coal 
traffic.  Mr.  Bell  most  openly  confesses  that  the 
•engineers  of  the  Public  Works  Department  “had  to 
learn  a good  deal,  and  necessarily  at  the  expense  of 
the  State  and  the  public.”  This  process  is  still  going 
on,  and  reminds  the  writer  of  what  his  master,  the 
late  I.  K.  Brunei,  said  to  him  when  he  wanted  to 
join  the  staff  of  the  Eastern  Bengal  Railway  before 
lie  was  out  of  his  pupilage:  “You  may  go  if  you 
like,  my  boy,”  he  said,  “but  if  you  take  my  advice, 
you  will  learn  your  business  in  England  first,  and 
practice  it  in  India  afterwards.”  The  constant  change 
•of  personnel  adds  to  the  expense  of  State  railway 
•construction.  On  the  last  railway  with  which  the 
writer  was  connected,  the  district  engineer  was 
changed  five  times  in  twelve  months ; whereas  on  the 
[three  guaranteed  railways  on  which  he  worked,  the 
majority  of  the  engineers  had  been  for  many  years  in 
the  service.  Indeed,  so  much  was  this  the  case,  that 
smother  evil  had  arisen,  viz.  : the  want  of  new  blood 
and  new  ideas,  resulting  in  a certain  amount  of 
fossilisation.  The  evils  of  a mixed  gauge  have 
ansen  solely  from  the  misapplication  of  Lord  Mayo’s 
policy.  It  is  true  that  the  introduction  of  any  new 
gauge  is  to  be  deprecated  on  account  of  the  danger  of 
■“  feeder  ” lines  gradually  and  almost  imperceptibly 
becoming  “ main  ” or  “ through  ” lines,  when  all 
the  advantages  of  the  narrow  gauge  immediately 
disappear,  and  it  becomes  at  once  an  almost  intolerable 
-evil.  The  principle  may  be  right  enough,  but  its 
.application  is  apt  to  lead  to  undesirable  complica- 
tions, such  as  the  twenty-four  junctions  and  crossings 
of  standard  and  metre  gauges  in  India.  The 
sudden  stoppage  of  the  works  on  State  lines  due 
•to  diversion  of  funds  is  an  exceedingly  costly  opera- 
tion. The  writer  has  had  to  take  up  work  thus 
'-suddenly  abandoned,  and  can  safely  say  that  he 
could  not  find  half  the  work  and  plant  with  which  the 
works  had  been  credited.  The  final  measuring  up  is 
generally  left  to  a subordinate  with  instructions  to  be 
liberal  to  the  contractors  whose  estimates  of  profits 
iiave  been  so  ruthlessly  falsified.  Now,  subordinates 
are  naturally  inclined  to  be  liberal  to  contractors, 
•especially  to  native  petty  contractors,  with  whom  they 
are  generally  on  the  best  of  terms.  The  result  may 
well  be  imagined.  Work  on  guaranteed  railways  is 
not  subject  to  these  costly  shocks,  and  the  programme 
lof  work  is  gone  through  without  interruption,  with 
the  same  men  throughout,  who,  therefore,  have  some 
incentive  to  carry  it  out  quickly  and  cheaply.  Mr. 
Bell  alludes  to  new  through  lines  being  termed 
bleeders,”  that  is,  that  there  are  few  of  them  left 
now  but  what  w'ould  compete  with  some  one  or  other 
of  the  existing  railways.  The  linking  up  of  the 
narrow  gauge  systems  by  the  new  C a wnpore -Lucknow 
metre  gauge  line  is  a case  in  point,  and,  therefore, 
accounts  for  the  author’s  bitter  feelings  towards  it. 


A certain  veiy  high  Government  official  once  said  to 
the  writer,  “ How  can  you  expect  us  to  look  with  ; 
favour  on  any  new  fine  that  'wdll  compete  with  those  1 
in  which  we  have  such  a deep  interest.^”  The  treat- 1 
ment  of  the  Delhi-Ambala-Kalka  Railway  is  not  such  ' 
as  would  encourage  the  promoters  of  any  similar  line.  ' 
The  strength  of  this  opposition  is  in  direct  ratio  with 
the  thoroughness  wdth  which  the  opponents  identify 
themselves  with  the  undertakings  in  which  they  are 
individually  interested.  To  this  the  writer  has 
already  alluded,  and  to  a rank  outsider  this  battle  of 
giants  is  intensely  instructive  and  entertaining.  The 
sore  question  of  the  employment  of  Royal  Engineers 
to  purely  civil  posts  was  raised  during  the  discussion. 
On  this  point  the  writer  would  only  make  two 
remarks:  (ist).  That,  after  all,  the  corps  of  Royal 
Engineers,  although  composed  of  what  may  be  called 
the  salt  of  the  earth,  is  but  a small  body,  and  that  it 
is,  therefore,  probable  that  there  are  as  good  fish  in 
the  sea  as  ever  came  out  of  the  pond.  The  men 
employed  by  Sir  Robert  Hart  are  not  all  Royal 
Engineers,  and  yet  he  can  pick  and  choose  where  he 
likes.  (2nd).  That  if  Royal  Engineers  would  frankly 
become  civilians,  not  a word  could  be  said  against 
their  employment ; but  it  does  seem  absurd  that  a 
military  man  wffio,  by  accepting  ciril  employment, 
must  necessarily  become  more  or  less  rusty  in  regard 
to  his  military  duties,  that  such  a man  should  be  paid 
more,  not  only  than  his  military  confrere  who  sticks 
to  his  last,  and  presumably  thereby  becomes  daily  a 
better  soldier,  but  also  than  the  civilian,  who  has 
trained  himself  at  his  own,  or  his  father’s  expense,  and 
who  performs  exactly  the  same  duties  quite  as 
efficiently. 

Mr.  W.  Martin  Wood  writes : — Mr.  Horace  Bell, 
in  course  of  his  useful  paper  on  “ Recent  Indian  Rail- 
way Policy,”  more  than  once  apologised  for  its 
inadequacy.  With  the  mass  of  material  that  we 
know  he  must  have  had  to  contend  with  that  feeling 
on  his  part  was  natural  enough  ; but  those  who  have 
had  to  toil  after  and  through  the  tangled  history  must 
be  grateful  to  him  for  the  success  with  which  he  has 
reduced  it,  in  his  continuous  narrative,  describing 
at  least  seven  different  systems  with  their  much 
varied,  often  inconsistent  financial  “ terms”  and  con- 
ditions of  construction.  Apart  from  this  retrospect, 
which  mostly  teaches  what  to  avoid,  his  practical 
object  is  to  suggest  “ the  possibility  of  having  one 
simple  and  standard  form  as  a basis  of  argument  for 
all  new  projects  instead  of  the  comphcated  terms  and 
conditions,”  which  he  so  skilfully  described.  Mr. 
Bell  did  not  venture  to  set  out  any  simple  and  uni- 
form plan,  though  such  settlement  would  afford 
immense  relief  to  all  concerned.  No  doubt  its  prin- 
ciples may  be  deduced  from  his  former  book  if  read 
in  connection  with  the  present  paper  and  the  remarks 
of  the  experienced  men  wffio  commented  thereon. 
Considering  what  a counsel  of  perfection  would  be 
such  a clear  and  decisive  programme  towards  Indian 
railway  exploitation  — after  the  dozens  w^e  have  had — 
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j Jr.  Bell  will  be  quite  right  to  wait  until  he  shall  be 
! ailed  in.  He  has  done  his  part  for  the  present  in  clear- 
, ag  the  ground.  It  would  not  be  difficult,  also  in  some 
aspects  useful,  to  point  out  inconsistencies  in  the 
; i .rguments  embodied  in  the  paper.  In  the  opening 

|)assages  Mr.  Bell  accepts  Lord  Dalhousie’s  princijde 
hat  Indian  railways  must  essentially  be  “ national 
vorks,”  and  that  the  State  should  exercise  “a 
I .tringent  and  salutary  control  ” in  the  public  interests, 
.‘specially,  let  me  add,  those  of  the  Indian  people 
ind  taxpayers.  But  the  gist  of  his  argument  all 
|i  through — saving  certain  modifying  admissions — is  that 
the  control  has  been  too  stringent,  and  on  the  whole 
not  salutary' ; hence,  that  State  control  has  been  or  is 
“ a stumbling  block  to  the  proper  progress  of  railway 
extension  in  India.”  This  contention  he  emphasises  by 
asserting  that  “ the  canker  at  the  bottom  of  the  whole 
]K)licy  ” of  recent  years  consists  in  the  large  share  that 
the  State  still  has  “ in  the  direct  w'orking  and  detailed 
administration  of  railways.”  Now,  this  is  a fairly 
stated  proposition,  and  one  that  will,  no  doubt 
attract  the  support  of  the  outside  financial,  iron- 
masters’, and  engineering  interests  concerned.  On 
the  other  hand,  this  propostion  cannot  displace 
the  supreme  consideration,  already  cited,  of  India’s 
true  and  permanent  national  claims.  And  it  must  be 
noted  that  many  of  Mr.  Bell’s  criticisms,  including 
the  most  formidable,  that  directed  against  the  new 
departure  under  Lord  Lawrence  and  Lord  Mayo, 
1865  to  1869,  in 'the  creation  of  the  State  Railway 
Department,  are  covered  and  modified  by  that  para- 
mount consideration  of  responsibility  to  India  and  its 
people,  which,  as  Sir  Richard  Strachey  indicated, 
has  been  kept  in  \iew  by  the  authorities  all  through 
and  must  be  maintained.  Having  thus  veiy  briefly 
and  fairly  assessed  such  force  as  there  is  in  Mr. 
Bell’s  general  argument,  let  me,  as  concisely  as 
is  possible,  take  note  of  certain  practical  con- 
siderations and  abiding  factors  that  lie  beyond 
that  argument,  and  which  were  little  more  than 
ouched  upon  in  course  of  the  interesting  debate 
that  followed  the  reading  of  the  paper,  (a)  It  is  too 
readily  assumed,  mcdnly  by,  or  on  behalf  of  the 
special  interests  alluded  to  above,  that  Indian  railway 
extension  has  not  already  gone  on  as  rapidly  as  is 
compatible  with  the  financial  strain  that  India  can 
sustain,  or  that  her  mDre  urgent  necessities  require 
in  comparison  Anth  other  classes  of  public  works. 
To  be  more  precise,  the  time  has  come  to  con- 
sider whether  the  capital,  skill,  and  labour  now 
demanded  to  be  expended  on  the  previous  and 
present  kmd  of  railway  extension,  might  not  far 
more  profitably,  in  India’s  interests,  be  directed  in 
other  directions.  Still  keeping  in  view  the  special 
service  that  iron-ways  can  supply,  we  must  admit 
that,  except  for  a few  patches,  they  have  scarcely 
touched  the  real  rural  India.  This  can  only  be 
reached  by  an  entirely  different  class  of  lines  of 
simpler  and  lighter  construction ; so  that  it  is  high 
time  to  face  the  difficult  problem  of  applying  the  scant 
funds  available,  the  ingenuity  of  painstaking,  rather 


than  ambitious  engineers  to  the  India  of  the  villages, 
in  which  dwell  three-fourths  of  all  the  producers  in 
the  great  peninsula.  This,  as  yet,  untouched  field  of 
railway  enterprise  will  have  to  be  developed  from 
within,  as  far  as  possible  through  local  traders’ 
influence  and  funds,  though  it  might  be  aided  by 
European  capital.  This  intensive  side  of  Indian 
railway  policy  demands  serious  attention  on  the  part 
of  responsible  authorities;  though  it  may  not  attract 
City  financiers,  who  must  have  something  cut  and 
dried  in  the  sweet  simplicity  of  at  least  per  cent, 
guaranteed,  {h)  Have  not  most  of  the  main  routes 
been  already  provided  for  } In  regard  to  this  question, 
Mr.  Bell’s  general  remarks  might  usefully  be  com- 
pared with  the  definite  statements  as  to  lines  already 
proposed,  as  set  out  in  the  paper  by  Mr.  J.  W. 
Parry  {Journal,  May  loth,  1895).  It  is  easy  to 
see  that  several  of  these  schemes,  if  they  do  not 
overlap,  will  compete  for  through  traffic ; while  in 
regard  to  various  projects  for  reaching  Karachi 
through  the  barren  tracts  of  western  Rajputana, 
they  involve  the  cost  of  a monster  bridge  across 
the  Indus  at  Kotri.  Here  comes  the  imperative 
necessity  of  State  control ; for  the  Indian  railway 
system  must  be  saved  from  any  imitation  of  the 
ruinous  “ trust  ” w'arfarein  the  United  States  railway 
system.  Mr.  Bell  himself  supplies  one  notable 
illustration  of  how  some  extensions  have  already  over- 
run the  present  needs  of  India,  when  he  cites  the 
(standard  gauge,  therefore  costly)  Assam-Bengal 
Railway,  of  which  he  says  that  “it  was  not  urgently 
wanted,  and  for  two-thirds  of  its  length  cannot  for 
very  many  years  be  of  any  practical  value  to  the 
province.”  Probably  a companion  illustration  to  this 
may  be  found,  in  that  Punjab  project  of  350  miles, 
which,  though  he  favours  it,  the  Indian  Government 
objected  on  similar  grounds  to  those  he  adduces 
against  the  Assam  line.  Hence  eager  promoters  of 
Indian  railways  must  still  be  subjected  to  Lord 
Dalhousie’s  “salutary  control”  by  the  State. 
{c)  Mr.  Bell  is  evidently  one  of  the  friends 
of  “the  renaissance  of  the  standard  gauge;” 
but  he  is  under  a mistake  as  to  the  metre 
gauge  being  only  intended  for  branches.  It 
w'as  adopted  first,  and  still  is,  because  the 
big  and  heavy  system,  with  its  inevitable  “ dead 
weight  ” in  traffic,  was  seen  to  be  unsuited  to  Indian 
conditions.  It  was  intended  to  supply  entire  divi- 
sions of  the  peninsula  as  it  has  done  ; for  where  would 
have  been  the  present  extension  of  20,000  miles,  of 
which  we  boast,  had  it  not  been  for  the  large  applica- 
tion of  the  lighter,  more  compact,  and  more 
economically  worked  system } Here  again,  “ the 
stringent  and  salutary  control  ” of  responsible 
authorities  is  required  to  set  against  ambitious 
engineers,  and  promoters  regardless  of  expense,  {d) 
There  is  a special  and  larger  consideration  that  must 
modify  British  eagerness  for  Indian  railway  extension. 
In  the  physical  conditions  of  that  tropical  peninsula, 
the  absence  of  workable  iron  and  the  scarcity  of  fuel, 
a Western  railway  system  is,  at  best,  an  exotic.  It  is 
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a political,  military',  and  foreign-trade  luxury  that  has 
its  necessary  limits.  The  public  woiks  that  India 
needs  are  water-ways  rather  than  iron-ways  ; above 
all,  water  storage  and  distribution,  so  that  the  food 
of  the  people  may  be  secured,  and  its  natural  indigenous 
industries  improved  and  extended  by  its  people  them- 
selves. This  obligation  the  Indian  Government  has 
very  imperfectly  fulfilled  ; it  can  utilise  the  surplus 
funds  of  the  West  for  the  purpose,  if  it  would  frankly 
and  freely  employ  Indian  engineering  talent  and 
industry  for  that  beneficent  object. 

Mr.  W.  M.  Acworth  sends  the  following  notes 
on  Mr.  Bell’s  paper : — 

1.  English  extravagance  in  early  days. — Was  not 
the  money,  lavishly  spent  in  hasty  experimenting, 
well  spent,  in  view  of  the  fact  that  our  rapid  con- 
struction of  railways  gave  us  an  eight  or  ten  years’ 
start  of  our  rivals,  who  by  waiting  to  see  our  results 
may  have  lost  more  in  time  than  they  gained  in 
economy  } Is  there  any  evidence  that  in  any  other 
country  English  accommodation,  either  for  goods  or 
passengers,  is  given  at  less  than  English  rates  } 

2.  Gauge. — We  are  likely  to  want  a new  Gauge 
Commission  in  England  also  to  deal  with  schemes 
under  the  Light  Railways’  Act,  1896.  It  would  seem 
as  though  three  gauges  might  be  possibly  admissible, 
viz.  : — {a)  Normal  gauge,  (h)  Either  3 ft.  6 in.,  metre, 
or  3 ft.  {c)  Either  2 ft.  6 in.,  2 ft.,  or  i ft.  10  in.,  and 
the  Commission  might  decide  which  of  the  three  in 
classes  h and  c should  be  obligatory. 

3.  Government  Aid  to  Construction. — There  does 
not  seem  to  have  been  tiled  in  India  a system  which 
is  common  on  the  Continent,  more  especially  in 
Austria-Hungary,  and  apparently  successful  there, 
under  which  State  aid  is  given  in  the  form  of  sub- 
scription for  the  whole  or  a portion  of  the  ordinary 
shares.  Suppose  one  third  of  the  capital  of  a new 
line  raised  by  debentures,  with  a 30  per  cent,  sterling 
guarantee,  the  Government  liability  on  this  would  be 
in  practice  almost  nominal.  The  remainder  would  be 
issued  as  rupee  stock,  half  5 per  cent,  preferred,  which 
might  be  taken  up  in  India,  half  ordinary,  taken  by 
Government.  The  5 per  cent,  preferences  would  be 
entitled  to  share  in  surplus  profits  after  ordinary 
shares  had  received,  say,  4 per  cent.  In  this  way  the 
Government  liability  would  be  gradually  and  auto 
matically  lightened  as  the  line  developed.  Further, 
the  fact  that  the  profits  on  the  new  line  accrued  so 
largely  to  the  State  might  tend  to  lessen  the  natural 
hesitation  of  State  officials  to  permit  possible  diversion 
of  traffic  from  existing  State-owned  or  State-aided 
lines,  if,  and  as  the  ordinary  stock  became  valuable, 
it  could  be  sold  by  the  State  and  the  money  re-invested 
in  new  railway  undertakings. 


EIGHTEENTH  ORDINARY 
MEETING. 

Wednesday,  Apirl  27,  1898;  Sir  Henry 
Trueman  Wood,  M.A.,  Secretary  of  the 
Society,  in  the  chair. 


The  following  candidates  were  proposed  foil 
election  as  members  of  the  Society : — 

Carnegie,  Douglas,  M.A.,  84,  Shooters’s-hill-road. 
Blackheath,  S.E. 

Cleghorn,  Robert  Cooper,  14,  St.  Mary-axe,  E.C. 
Davis,  Harold,  Belle-ivue-house,  Park-place,  Green- 
wich, S.E. 

Farmer,  Henry,  5,  Royal  - terrace,  Portishead. 
Somerset. 

Skrine,  Francis  Henry,  Queen  Anne’s-mansions,  S.AV-i 
Smith,  George  Henry,  Brooklands,  New  Malden,, 
Surrey. 

Stroud,  Prof.  Heniy,  M.A.,  D.Sc.,  Durham  College! 

of  Science,  Newcastle-on-Tyne. 

Williams,  Stephen  M.  J.  (Bengal  Nagpur  Railway), 
care  of  Messrs.  Grindlay  and  Company,  Calcutta. 
The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society:  — - 
Arthur,  Allan,  7/1,  Lyons-range,  Calcutta,  India. 
Hodgkin,  Thomas,  Bank,  Newcastle-on-Tyne. 

James,  John  Herbert,  3,  King’s-bench-walk,  Temple, 
E.C. 

Lyon,  Brigade- Surgeon -Lieut. -Col.,  Isidore  B., 
C.I.E.,  164,  Sutherland-avenue,  W. 

Stevens,  Henry  W.,  3,  Hastings-st.,  Calcutta,  India. 
Storrar,  David,  Kirkcaldy,  Fife,  N.B. 

The  paper  read  was — 

THREE-COLOUR  PHOTOGRAPHIC  ! 
PRINTING. 

By  Capt.  Abney,  C.B.,  D.C.L.,  F.R.S. 

The  Society  of  Arts  has  done  me  the  honour  to  1 
ask  me  to  read  a paper  on  three-colour  printing 
by  means  of  photography.  I have  responded 
affirmatively  to  the  request  for  the  reason  that 
I am  most  obviously  unbiassed  by  any  external 
influences  of  trade  secrets,  and  that  I can  ap- 
proach it  from  a scientiflc  side,  and  that  I have  no 
practical  knowledge  of  any  systems  of  trial  and 
error,  w'hich  are  said  to  prevail  in  some  classes 
of  three-colour  printing.  After  all,  we  theorists 
are  not  to  be  despised  entirely  by  the  practical 
man,  for  I need  only  allude  to  Mr.  Ives  to 
show  you  what  predominant  an  influence 
science  has  had  on  some  who  felt  the  evil  influ- 
ence of  rule-of-thumb  work.  When  we  have  to 
deal  with  colours  we  have  invariably,  tor 
theoretical  purposes,  to  resort  to — I nearly  said 
fall  back  upon — the  spectrum  for  inspiration 
as  to  how  to  proceed ; and  to-night  I shall 
attempt  to  explain  to  you  the  theoretical  basis  on 
which  three-colour  printing  ought  to  be  w'orked. 
We  have  the  spectrum  on  the  screen,  and  i 
we  see  that  at  flrst  sight  and  without 
detailed  examination  it  appears  to  be  made 
up  of  red,  green,  and  blue,  which  includes  | 
the  violet.  The  other  colours  may  be  called  j 
incidental.  It  is  this  red,  green,  and  blue  ^ 
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which,  when  mixed  together  in  varying  pro- 
portions, which  give  us  any  or  all  of  the  colours 
of  nature.  The  colours  are  now  recombined  by 
means  of  a lens  to  form  a white  patch,  and  if 
I we  pass  a slit  through  the  spectrum,  we 
get  practically  patches  of  monochromatic 
light  on  the  screen.  Passing  a series  of 
slits  through  the  spectrum  without  inter- 
posing a lens,  we  get  overlapping  images 
of  the  face  of  the  prism  we  are  employing 
for  analysing  the  electric  light,  and  the 
overlaps  show  us  that  red  and  green  make 
yellow,  and  blue  and  green,  that  greenish 
blue  which  is  often  called  peacock  green 
or  blue,  whilst  blue  and  yellow  make  white. 
Replacing  the  lens  it  combines  all  the 
colours  passing  through  the  various  slits, 
and  we  have  a patch  of  mixed  colours.  If, 
instead  of  a multiplicity  of  slits,  we  have  only 
three,  we  can  obtain  the  same  effects.  We 
can  multiply  our  colours  and  tones  to  any  ex- 
tent by  opening  more  or  less  widely  any  or  all 
of  the  slits.  Instead,  how’ever,  of  altering 
the  width  of  the  slits,  we  may  obtain  the  same 
effects  by  cutting  off  more  or  less  light  by  means 
of  photographic  deposit  on  developed  plates 
placed  in  front  of  the  slits.  This  we  do,  and  we 
see  that  we  get  colours  of  vaiydng  hues.  Or 
we  can  cut  off  more  or  less  light  from  the 
slits  by  rapidly  passing  in  front  of  them 
apertures  more  or  less  widely  apart.  In 
fact,  we  can  have  a symphony  of  colour,  and 
I show  one  which  I recently  prepared  for  a 
lecture  at  the  Royal  Institution.  We  can 
have  various  harmonies  as  it  were  by  means 
of  this  arrangement.  But  I also  wish  to 
show  that  in  order  to  produce  these  colours 
it  is  not  essential  to  have  any  very  pure 
colours,  for  I can  w'ithdraw  the  slits  and 
let  those  parts  of  the  spectrum  which  are 
opposite  the  three  lines  of  apertures  (holes) 
pass  through,  and  they  will  combine,  and 
we  have  still  practically  the  same  symphony 
of  colour  on  the  screen.  We  thus  see  that 
we  may  use  a considerable  part  of  the 
spectrum  at  three  places  and  still  obtain 
good  effects  of  colour.  Now,  Mr.  Ives  has 
already  in  this  theatre  shown  how  he  com- 
bines the  light  coming  through  coloured  media 
to  obtain  his  beautiful  results,  and  I can  here 
show^  you  that  by  the  use  of  media  like  his  any 
colour  of  the  spectrum  can  be  obtained.  By 
use  of  three  glasses  in  a disc,  and  by  cutting 
out  suitable  masks  and  then  sending  a slice  of 
light  through  them  whilst  they  are  rotating,  we 
have  a very  fair  representation  of  the  spectrum. 

Thus  every  colour  of  the  spectrum  with  a 


fair  amount  of  accuracy  may  be  represented 
by  the  mixture  of  the  light  coming  through  these 
three  glasses,  if  the  intensities  are  properly 
arranged.  So  far,  then,  we  have  seen  that  by 
mechanical  means  we  can  obtain  any  shade  or 
hue  of  colour.  It  now  rests  with  us  to  see  how 
w'e  can  utilise  this  scientific  fact,  to  produce 
the  colours  as  seen  in  nature  by  means  of 
photography.  Taking  the  spectrum  colours 
we  rind  that  certain  width  of  slits  in  the  three 
colours — red,  green,  and  blue,  give  white,  if 
we  cover  up  the  blue  slit  w’e  find  that  we  have 
a yellow,  if  we  cover  up  the  green  it  is  purple, 
and  if  the  red  it  is  a blue-green.  If  then,  we 
have  media  of  red,  green,  and  blue,  which 
allow  the  same  relative  brightness  of  these 
three  colours  to  pass  through,  as  do  the  slits 
in  the  spectrum  ; we  readily  see  how  a red,  a 
yellow,  a green,  a blue-green,  and  blue,  as 
well  as  white,  are  to  be  secured  by  means  of 
three  photographic  positives.  Suppose  the 
problem  before  us  as  to  how  w’e  should  repre- 
sent flat  surfaces  of  these  seven  colours  which 
have  the  same  relative  brightness  as  these 
spectrum  colours  on  paper,  how  should 
we  proceed  ? If  w^e  photograph  them  on 
three  different  plates,  and  take  transparencies 
from  them ; and  manage  that  the  colours 
on  each  transparency  are  represented  as 
follows  (total  transparency  being  represented 
by  T,  and  perfect  opacity  by  O) — 


White  .... 

No.  I Plate. 

....  T .... 

No.  2. 

, T 

No.  3, 

....  T 

Red  

....  T ... 

. 0 

....  0 

Purple  .... 

....  T .... 

, 0 

....  T 

Yellow  .... 

....  T .... 

T 

....  0 

Green 

....  0 .... 

T 

....  0 

Blue-green 

....  0 .... 

T 

....  T 

Blue  

....  0 .... 

0 

....  T 

shall  find 

that  if  No. 

I be 

backed  1 

a red  medium.  No.  2 by  a green  medium,  and 
No.  3 by  a blue,  each  of  the  right  brilliancy  to 
make  a white  when  mixed,  then  the  images  when 
superposed  would  give  the  seven  colours  exactly. 
Again,  suppose  we  had  a dull  yellow  of  half  the 
intensity  of  the  spectrum  yellow — if  in  No.  i 
and  No.  2 plates  the  transparency  were  in  each 
reduced  to  half  (say) — then  we  should  get  the 
reduced  yellow,  and  so  on.  We  can  form 
some  idea  of  the  way  the  three  images 
when  backed  should  look  by  an  artifice 
that  I have  introduced  for  producing  a 
monochromatic  image.  We  can  throw  an 
image  of  the  carbon  points  07i  the  I>?‘ism  and 
the  light  after  decomposition  by  the  prism,  and 
recombination  by  the  lens  outside  the  spectrum 
will  form  an  image  of  the  surface  of  the  prism 
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upon  the  screen,  and  as  this  surface  has  an 
image  of  the  carbon  points  upon  it,  the  carbon 
points  are  seen  on  the  screen.  We  may  place 
three  slits  in  the  spectrum,  and  again  we  have 
the  same  (mainly)  white  image.  By  using  three 
lenses  instead  of  one  we  can  project  each 
coloured  image  separately  and  have  them  side 
by  side.  Instead  of  the  carbon  points  we 
can  place  against  the  prism  small  squares  of 
coloured  glasses  and  we  get  the  three  images 
of  these.  The  one  corresponds  to  the  trans- 
parency to  be  illuminated  by  the  red,  the 
next  by  the  green,  and  the  third  by  the  blue. 
It  is  such  transparencies  that  we  must  aim  at 
obtaining.  Now  I need  scarcely  say  that  a 
negative  taken  through  a red  medium,  and 
second  through  a pure  green  medium,  and  the 
third  through  a pure  blue  medium  would  not 
be  effective.  Think  of  what  a spectrum 
on  the  screen  would  look  like  if  thus 
photographed.  One  negative  would  give 
a transparency  which  would  only  allow  a 
narrow  band  of  red  to  show,  the  next  of 
green  and  the  next  of  blue,  and  thus  the 
spectrum  would  be  represented  by  three  bands 
of  colour  simply.  There  would  be  no 
over-lapping  of  colours  to  show  the  inter- 
mediate colours.  It  is  evident  that  we  must 
obtain  media  which  would  allow  more  of  the 
spectrum  to  pass  through  in  order  to  obtain 
an  overlap. 

Quite  recently  at  the  Camera  Club,  I 
have  brought  forward  a colour  sensitometer 
to  enable  a plate  to  be  tried  for  the  three 
colours  most  suitable  to  use  as  taking  screens. 
The  principle  on  which  this  is  designed  is  as 
follows ; — Take  a number  of  small  coloured 
squares  of  glass  such  as  enumerated  above, 
which  only  allow  certain  colours  to  pass  through. 
Choose  the  three  colours  with  which  the  three 
transparencies  are  to  be  backed,  and  by  mixture 
of  these  standard  colours  find  out  how  much  of 
each  of  them  is  required  to  match  the  colours 
of  the  glasses  both  in  intensity  and  hue. 
Measure  the  brightness  of  the  light  coming 
through  the  coloured  glasses.  Then  to  make 
a sensitomer  to  enable  you  to  choose  the  proper 
screen  for  taking  the  “ red  negative,”  as  I will 
call  it,  reduce  the  brightness  of  the  different 
glasses  to  the  extent  which  is  necessary  to  cause 
all  the  red  light  required  to  come  through  the 
different  colours  to  be  of  equal  intensity.  Then 
in  a proper  negative  all  of  the  deposits  should 
be  of  equal  opacity,  and  for  any  brand  of  plate 
used  a screen  must  be  sought  for  which  will  give 
this  result.  Take  another  similar  set  of  glasses 
and  reduce  the  transmission  of  them  so  that  the 


green  transparency  should  allow  equal  light  toi 
penetrate,  and  a screen  must  be  sought  for  till, 
such  is  the  case.  The  same  for  the  blue.  Wci 
thus  shall  have  found  three  screens  through  ‘ 
which  to  photograph  to  give  us  three  transparen-1 
cies  from  the  three  negatives  that  when  backed 
with  the  chosen  colours  red,  green,  and  blue,  will 
give  us  the  true  colours  of  the  objects.  This 
sensitometer,  I hope,  may  prove  of  use  in  the 
future  to  those  who  are  doing  three-colour ( 
printing.  ! 

I am  not  to  have  the  privilege  of  show-j 
ing  you  Mr.  Ives’  work  to-night,  so  far  as 
three  combined  images  are  concerned,  because  ! 
he  has  shown  you  them  himself  on  a previous: 
occasion  ; but  I am  allowed  to  show  you  what 
is  a modification  of  it,  viz.,  Joly’s  process.  Dr. 
Joly  obtains  only  one  negativ^e,  but  that  nega- 
tive really  contains  three.  In  contact  with  the 
plate  he  places  a screen  ruled  in  three  colours 
with  lines  broad,  and  touching 

one  another.  One  line  answers  to  the  red-taking 
screen,  another  to  the  green,  and  the  third  to 
the  blue.  (In  front  of  the  lens  he  places  a 
coloured  medium  to  tone  down  the  blue.)  The 
plate  is  exposed  through  this  screen,  and  as  a 
result  he  obtains  the  red,  the  green,  and  the 
blue  negative  intermingled  one  with  another, 
each  being  represented  by  one-third  of  the 
surface.  From  this  a transparency  is  made, 
which  is  backed  by  another  ruled  surface  of 
red,  green,  and  blue  lines  of  the  same  width, 
and  proper  intensities.  The  red  lines  fall  on 
the  portions  which  were  taken  through  the 
“red  taking”  lines,  the  green  on  the  green, 
and  the  blue  on  the  blue,  so  that  we  have  a 
coloured  representation  of  the  objects,  and 
very  beautiful  they  are.  We  can  show  you  a 
taking  screen,  a viewing  screen,  a negative,  a 
positive,  and  a positive  backed  by  the  ruled 
screen,  and  that  will  give  you  the  process. 
(Slides  were  here  shown  of  various  coloured 
objects.) 

We  have  now  led  up  to  the  question  of  photo- 
graphic printing  in  colour,  not  by  mixing  the 
light  coming  through  three  separate  trans- 
parencies, but  by  the  use  of  transparent  colours 
and  using  the  negatives  from  which  to  obtain 
coloured  images.  This  is  really  a question  of 
absorption  of  light,  and  depends  on  exactly  the 
same  principles  as  have  been  just  enunciated 
for  the  mixture  of  light  from  three  images.  We 
may  take  it  that  the  colours  suitable  to  back 
the  positives  must  form  the  basis  of  any  process ; 
but  we  shall  see  that  the  colours  to  be  used  are 
exactly  complementary  colours  to  the  three 
fundamental  monochromatic  colours  of  red, 
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;(reen,  and  blue.  A complementary  colour,  be  it 
remembered,  is  that  colour  which  with  the 
original  will  give  a white. 

Reverting  to  the  spectrum,  we  place  the 

1 three  slits  in  it  and  once  more  form  white 
light.  The  red  and  the  green  and  the  blue  are 
now  in  proper  proportions.  If  we  cover  the 
red  slit  up,  we  have  a blue-green  formed, 
and  that  is  the  colour  with  which  we  must 
print  from  the  red  negative.  When  the  green 
slit  is  covered  up  we  have  a pink  or  purple, 
It  and  that  is  the  colour  to  be  used  with  the  green 

I'  negative,  and  a bright  )^ellow  similarly  is 
derived  from  covering  up  the  blue  slit,  and  is 
the  colour  that  must  be  used  with  the  blue 
. negative. 

“ These,  be  it  remembered,  are  exactly  the 
complementary  colours  of  the  fundamentals, 
and  the  nearer  we  can  imitate  these  the  more 
correct  we  shall  be.  If  we  pass  an  opaque 
strip  along  the  spectrum  we  shall  see  we  have 
the  complementary  of  the  colour  blocked  out, 
but  in  this  case  if  the  strip  be  very  narrow  the 
complementary  will  be  too  white.  The  criterion 
as  to  the  suitability  of  the  colours  in  regard  to 
purity  is  that  when  two  colours  are  superposed 
the  resulting  colour  should  approximately  equal 
in  hue  and  purity  the  fundamental  colour. 

I Here  I have,  thanks  to  Mr.  Warnerke,  several 
gradated  annuluses  of  gelatine  coloured  with 
pink,  blue-green,  and  yellow.  I place  them  in 
the  spectrum,  and  we  see  that  we  have  a fairly 
large  portion  of  the  spectrum  transmitted 
through  all,  though  in  different  positions  and 
overlapping.  (The  transmission  of  a small 
band  of  red  through  the  blue-green  is  a mis- 
fortune, though  it  counts  but  little  in  reality.) 
Placing  the  pink  and  blue-green  together  and 
sending  the  light  through  them  both  we  see 
that  we  have  a fair  blue.  With  the  pink  and 
the  yellow  together  we  have  a good  red,  and 
with  the  yellow  and  the  blue-green  together  we 
have  a good  green.  These  colours  match  very 
fairly  Mr.  Ives’s  standard  colours,  which  should 
not  be  widely  departed  from  for  practical  pur- 
poses. We  may  take  it  then  that  these  par- 
ticular hues  that  I have  shown  are  not  far  off 
theoretical  correctness. 

Now  why  have  we  to  print  the  red,  green, 
and  blue  negatives  with  these  complementary 
colours  to  obtain  a print  in  colour  ? 

Let  us  take  the  instance  of  a white  object. 
Here  each  of  the  three  negatives  would  show 
the  white  as  opaque  deposit,  consequently 
when  printing  each  of  them  on  some  sensitive 
surface  coloured  with  these  complementar}^ 
colours  there  would  be  a blank  on  each,  and  if 


the  three  images  were  superposed  on  white 
paper  there  would  be  no  colouring  matter  from 
any  of  them.  Let  us  take  a red  object.  Here 
the  red  negative  would  show  the  object  as 
opaque,  whilst  the  green  and  blue  negatives 
would  show  it  as  totally  transparent.  If  the 
green  negative  be  printed  on  a sessitive  surface 
and  coloured  with  pink,  we  should  have  for  the 
red  object  a full  pink,  and  if  the  blue  negative 
were  printed  with  a yellow  we  should  have  it  a 
full  yellow.  When  the  two  transparent  but 
coloured  films  are  superposed  we  should  have 
a yellow  film  lying  over  a pink  film,  and  as  we 
have  already  seen  the  light  penetrating  would 
be  a red.  Once  more,  let  us  take  a bright  yellow. 
Here  our  table  shows  us  that  w'e  shall  have 
total  opacity  in  the  red  and  green  negatives 
(since  in  the  transparencies  they  have  to  be 
shown  as  totally  transparent).  Consequently, 
the  only  negative  which  w'hen  printed  on  the 
appropriate  sensitive  surface  is  the  blue,  and 
that  we  have  to  print  in  yellow.  Hence,  we 
have  the  object  shown  in  yellow  on  the  white 
surface.  Mr.  Ives  has  shown  this  fact  in 
making  lantern  slides  by  this  method.  He 
prints  on  bichromated  gelatine,  and  then  dyes 
his  three  prints  with  the  appropriate  comple- 
mentary colours  and  superposes  them.  Of 
this  method  he  has  kindly  lent  me  a few’ 
specimens.  What  answers  for  the  lantern 
slide  will  also  answer  if  the  films  are 
placed  on  paper.  This  w’ould  be  photographic 
printing ; but  the  same  principle  applies  to 
blocks.  Suppose  a typo-block  is  prepared 
from  the  red,  green,  and  blue  negatives  by  any 
of  the  various  processes,  and  that  the  block  from 
the  red  negative  is  worked  in  with  transparent 
blue-green  ink,  that  from  the  green  negative 
with  transparent  pink  ink,  and  that  from  the 
blue  with  transparent  yellow’  ink,  and  that^these 
separate  impressions  are  superposed  with 
accurate  register.  Then  we  have  a mechanical 
method  of  printing  in  colours.  This  is  the 
theory  of  the  matter,  and  all  practice  must 
eventually  be  derived  or  come  to  it.  There 
are  several  firms  who  work  in  these  directions, 
and  no  more  beautiful  work  has  been  done 
than  by  Messrs.  Waterlow,  w’ho  have  kindly 
allowed  me  to  show  some  specimens  of  their 
work.  The  Graphic  send  specimens  of  their 
three  - colour  printing,  and  also  Messrs. 
Cassells,  and  excellent  work  it  is. 

Mr.  Warnerke  informs  me  that  in  Russia  a 
machine  has  been  perfected  w’hich  allows  the 
three  inks  to  be  distributed  uniformly  over 
each  block,  and  that  each  block  prints  on  to 
a hard  surface,  the  registration  being  made  in 
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the  most  perfect  manner.  When  the  three 
inks  have  been  printed  on  the  fixed  block,  this 
ast  is  brought  in  contact  with  the  papers,  and 
the  impression  is  pulled  at  one  operation. 
Mr.  Warnerke  has  kindly  lent  me  slides  illus- 
trating this,  and  shows  photographic  prints 
produced  by  the  same  machine.  Such  a 
process  as  this  should  be  able  to  give 
results  not  only  with  transparent  inks,  but 
with  opaque  inks,  where  the  colours  are  ob- 
tained by  dots  of  the  three  fundamental  colours 
placed  side  by  side.  More,  probably,  may  be 
heard  of  this  process  by  and  by. 

[Specimens  illustrating  the  process  of  three-colour 
printing  were  lent  by  Messrs.  Cassells  and  Company ; 
the  proprietors  of  the  Graphic,  Mr.  Leon  Warnerke  ; 
Messrs.  Waterlow  and  Sons,  and  Messrs.  Husnik  and 
Hausler,  of  Prague  (through  Mr.  F.  C.  Clarkson).] 


DISCUSSION. 

The  Chairman,  in  inviting  discussion,  said  Captain 
Abney  had  well  explained  the  principle  on  which 
photography  in  colours  was  carried  out,  and  there 
were  few  more  interesting  applications  of  science 
than  that  of  photography  to  colour  printing.  They 
all  knew  the  ordinary  chromolithograph,  in  which  a 
separate  stone  had  to  be  prepared  for  every  colour,  or 
nearly  every  colour,  which  the  artist  had  employed  in 
his  picture,  and  by  successive  printings  on  the  same 
piece  of  paper  the  effect  was  produced.  Some  very 
beautiful  pictures  were  produced  in  this  way,  and  it 
was  rather  the  pride  of  the  chromolithographer  to  say 
how  many  stones  a particular  print  had  taken,  and 
to  show  his  skill  in  obtaining  accurate  register,  so 
that  all  the  colours  fitted  exactly  into  their  proper 
positions,  with  no  overlapping  and  no  thin  white 
lines  where  the  colour  did  not  appear.  One  of  the 
chief  things  which  Captain  Abney  had  shown  was 
that  all  the  colours  and  tints  of  Nature  could  be 
produced  by  combinations  of  three  colours  only,  and 
it  was  an  obvious  simplification  of  the  process  to 
reduce  the  numerous  printings  to  three.  The  pictures 
kindly  lent  by  the  Graphic  were  interesting  illustra- 
tions of  this  fact ; being  all  produced  from  three 
colours,  which  were  selected  according  to  the  skill 
and  judgment  of  the  worker.  This  process,  however, 
was  only  used  occasionally,  the  greater  part  of  their 
work  being  still  done  by  the  ordinary  process  of 
chromolithography.  He  was  informed  that  there 
were  very  few  operators  on  the  staff  of  the  Graphic 
sufficiently  skilful  to  select  the  three  tints  and  lay 
them  out  on  the  stones  so  as  to  produce  by  their 
combination  the  finished  pictures  such  as  those  ex- 
hibited. By  means  of  photography  this  was  done 
automatically.  Now  it  was,  apparently,  a very  simple 
matter  by  filtering  out  the  different  colours  from 
white  light,  applying  the  proper  screens  to  divide  up 


the  white  light  into  three  such  portions'  that  you  could 
produce  three  printing  surfaces — stones  or  blocks — 
which,  by  their  combination,  would  give  all  the 
colours  of  the  original,  but  in  practice  it  was  a very 
difficult  matter.  It  was  a good  many  years  since 
they  first  heard  that  someone  had  suceeded  by  this 
process,  in  obtaining,  more  or  less,  good  results  ; but 
it  was  only  lately,  thanks  to  the  researches  of  the 
gentlemen  to  whom  Captain  Abney  had  alluded, 
Mr.  Ives,  and  others,  not  omitting  Captain  Abney  1 
himself,  that  such  knowledge  was  gained  as  enabled 
the  theory  to  be  reduced  to  practice.  He  was  sorry  j 
that  none  of  Mr.  Ives’s  work  had  been  shown  that  > 
evening,  though  it  had  been  exhibited  there  before.  ■ 
It  was  in  that  room  that  Mr.  Ives  showed  the  results  1 
of  his  work  when  he  first  came  from  America,  and 
more  than  once  they  had  had  the  advantage  of  seeing 
there  the  results  of  his  perfected  )researches,  but  still  \ 
he  regretted  that  through  an  accident  they  had  I 
no  specimens  that  evening.  He,  however,  con-  ( 
gratulated  the  members  on  having  had  for  the  first 
time  the  opportunity  of  seeing  some  of  the  very 
beautiful  results  of  Dr.  Joly’s  work.  It  was  rather 
remarkable  that,  although  from  the  birth  of  photo- 
graphy, the  dream  of  its  followers  had  been  to  pro- 
duce photographs  in  colour,  and  some  of  the  earliest 
workers  did  do  something  in  that  direction,  so  little 
ad^•ance  had  been  made  in  this  direction.  The  only 
man  who  really  had  obtained  a photographic  picture  in 
natural  colours  was  Professor  Lippmann.  He  produced 
a photograph  which,  when  white  light  was  thrown 
upon  it,  with  proper  precautions,  reproduced  the  colours 
of  the  original.  Others,  like  Mr.  Ives  and  Dr.  Joly, 
relied  on  coloured  media  : they  did  not  use  the  real 
spectrum,  but  that  imitation  spectrum  which  had  been  j 
shown  that  evening,  and  to  reproduce  a spectrum  by  ^ 
means  of  properly  selected  coloured  media,  was,  in  , 
itself,  no  small  feat.  It  was  by  such  means  that  the 
beautiful  results  of  Mr.  Ives  and  Dr.  Joly  and 
others  were  produced.  That  was  not  photograph- 
ing in  colours  : it  was  viewing  a photograph  by 
means  of  colouied  media  in  such  a way  as  to  re- 
produce the  colours  of  Nature.  In  the  same  way 
three-coloured  printing  was  not  the  natural  repro- 
duction of  colour  by  photography,  but  the  care- 
ful selection  of  colours  by  photographic  means  so  as 
to  produce,  more  or  less,  the  same  appearance  as  the 
colours  of  Nature.  He  hoped  Mr.  Warnerke  would 
be  kind  enough  to  give  some  further  information  about 
the  ingenious  Russian  invention  which  had  been  men- 
tioned. As  he  understood,  the  principle  of  it  con- 
sisted in  using  three  blocks  for  printing  three  colours, 
but  instead  of  printing  from  those  blocks  direct  on  to 
the  paper  in  succession,  each  block  transferred  its  ink 
to  a separate  roller,  and  from  that  roller  the  three 
different  coloured  inks  were  again  transferaed  to  one 
single  block  from  which  the  impression  was  taken 
on  the  paper.  The  mechanical  devices  for  accom- 
plishing this  were  complicated  and  difficult,  but  when 
they  w'ere  overcome  there  was  no  difficulty  about 
register  as  the  whole  thing  was  printed  at  once. 
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Mr.  L.  AVarnerke  said  the  principle  of  the  machine 
iiad  been  so  clearly  described  by  Sir  Henry  Wood  that 
tie  had  very  little  to  add.  It  was  invented  not  long  ago 
lut  had  already  superseded  all  other  machinery  in  the 
State  paper  manufactory  in  St.  Petersburgh  ; as  it 
had  so  many  advantages  over  ordinary  machines  used 
or  colour  printing.  In  the  ordinary  way  separate 
blocks  had  to  be  used  for  each  colour,  and  after  one 
jolour  had  been  printed  it  had  to  dry  before  the 
'Ccond  could  be  printed,  and  so  on,  and  that  made 
it  veiy  difficult  and  in  fact  almost  impossible  to  get 
perfect  register  on  account  of  the  different  hygroseopic 
j!  conditions  of  the  air,  differences  in  temperature,  &c.  ; 
(!  especially  when  veiy  fine  engraving,  such  as  had  been 
: ' shown  on  the  screen  was  in  question.  In  this  case  there 
I'  was  a rotary  machine  with  a large  cylinder,  on  which 
there  was  a separate  cliche  for  each  colour  with  separate 
ink  ducts,  so  arranged  that  by  one  revolution  of  the 
cylinder,  each  cliche  was  inked  with  its  appropriate 
ink.  These  inks  were  transferred  to  one  large  com- 
position roller,  which  in  its  turn  inked  the  cliche 
which  printed  the  sheet.  There  were  very  perfect 
arrangements  for  putting  the  paper  into  the  machine 
and  for  removing  it,  interleaved  with  plain  sheets  to 
prevent  smudging.  The  peculiarity  of  the  rosette 
patterns  which  had  been  shown,  and  which  were 
specially  applicable  to  cheques  and  bank  notes, 
consisted  in  the  fact  that  the  veiy  finest  lines  passed 
from  one  colour  to  the  other  without  the  slighest 
break  or  fault  in  the  register,  and  of  course  an 
enoiTOOus  variety  of  designs  could  be  produced  by 
apphing  different  coloured  inks.  On  the  wall  were 
shown  impressions  produced  from  a three-colour 
i photographic  block.  For  bank  notes  sometimes  four 
I or  five  colours  were  used,  but  for  photographic  colour 
I printing  there  were  sufficient  blue,  yellow,  and  red. 

' The  advantages  of  this  method  were  very  great.  If  one 
examined  carefully  some  of  the  finest  colour  prints 
produced  in  the  ordinary  way  from  separate  blocks, 
one  would  find  a sort  of  moire  appearance  which  was 
entirely  absent  when  this  new  machine  was  used. 
The  photographs  which  had  been  shown  were  taken 
on  the  spot  under  some  difficulty,  and  he  might  say 
that  some  fifty  of  these  machines  had  been  at  work 
for  the  last  two  or  three  years. 


Mr.  F.  E.  Ives  said  Captain  Abney  had  presented 
the  subject  in  so  admirable  a manner  that  he  should 
not  be  justified  in  taking  up  time  by  attempting  to 
elucidate  it  further.  He  would  only  apologize  for  the 
absence  of  any  illustration  of  his  own  work  by  saying 
that  it  was  purely  accidental.  Specimens  had  been 
selected  and  addressed  to  Captain  Abney,  and  where 
they  had  gone  to  he  could  not  tell.  As  the  Chairman 
had  said,  it  was  of  the  less  importance,  as  they 
had  been  seen  before. 

The  Chairman  said  if  no  one  else  had  any  remarks 
to  offer  he  must  propose  a hearty  vote  of  thanks  to 
Captain  Abn’y  for  his  paper.  There  could  be  no 


greater  treat  to  anyone  interested  in  these  subjects 
than  to  see  Captain  Abney  manipulating  the 
spectrum,  because  he  had  a wonderful  gift  of  demon- 
strating in  a practical  and  lucid  manner  scientific 
problems  of  great  complexity  and  difficulty.  That 
was  the  great  advantage  of  hearing  a lecture  in  that 
room.  People  might  read  Cajitain  Abney’s  papers  in 
the  “ Philosophical  Transactions,”  or  his  more  popular 
handbooks,  but  they  could  not  adequately  appreciate 
the  phenomena  described  unless  they  saw  the  actual 
experiments  which  Captain  Abney  was  so  competent 
to  place  before  them. 

The  vote  of  thanks  having  been  carried  unanimously, 

Captain  Aiiney,  in  reply,  said  he  had  no  doubt 
that  w'hen  this  paper  found  its  way  abroad  it  would 
be  severely  criticised  in  certain  quarters,  but  he  did 
not  mind  that,  as  he  w'as  perfectly  certain  that  the 
principles  which  he  had  enunciated  were  correct. 


Miscellaneous. 


ANCIENT  AND  MODERN  INKS. 

It  is  frequently  stated  that  since  the  Mediaeval  ages 
the  art  of  ink-making  has  shown  decided  signs  of  re- 
trogression, and,  as  evidence  of  this  deplorable  fact, 
mention  is  made  of  certain  documents  written  six  to 
eight  centuries  ago  which,  wffien  compared  with  many 
writings  of  less  than  a hundred  years  of  age,  show  far 
greater  legibility,  and  a more  perfect  degree  of  pre- 
servation. 

It  is  probable,  however,  that  the  inferior  ink  has 
come  into  use  during  the  last  few  centuries,  not  so 
much  through  ignorance  concerning  the  manufacture 
of  more  permanent  ink,  as  through  the  desire  to 
employ  an  ink  which  would  not  deteriorate  by  settle- 
ment, and  which  would,  by  more  perfect  fluidity,  be 
more  conducive  to  rapid  wTiting  than  the  ancient  inks. 

Vitruvius,  Pliny,  and  Dioscorides  each  mention  ink 
as  containing  soot  or  lamp-black  mixed  with  some 
mucilaginous  fluid,  and,  although  even  in  their  day  a 
dye  w'as  also  sometimes  added,  there  appears  to  be 
little  doubt  that  the  legibility  of  ancient  records  is 
due  to  the  use  of  carbon  as  the  basis  of  the  ink  ; and 
that  when,  towards  the  close  of  the  Medieeval  period, 
the  element  carbon  began  to  be  disregarded  altogether 
as  an  ingredient  of  ink,  the  fading  of  manuscripts 
became  more  rapid. 

Many  years  ago  an  ink  receptacle  was  found  at 
Herculaneum  which  contained  a small  quantity  of  ink. 
Upon  examination  this  proved  to  be  composed  simply 
of  lamp-black  mixed  with  a thick  oil,  and  it  is  sup- 
posed that  this  is  the  description  of  ink  which  was 
used  for  writing  upon  papyri  at  the  time  of  the 
destruction  of  Herculaneum. 
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Such  ink  must  have  required  frequent  stirring,  and 
the  writing  was  probably  performed  with  a fine  brush. 
“The  lamp-black,”  says  Underwood,  “was  ground 
up  with  the  oil  as  painters’  colours  are  now  done, 
and  by  remembering  this,  we  can  understand  the 
meaning  of  Demosthenes  when,  in  a speech  of  his, 
he  taunts  his  great  rival,  .iEschines,  for  having 
being  compelled  in  his  youth,  through  poverty,  to 
sweep  the  school,  sponge  the  benches,  and  grind 
the  ink.” 

The  rapidity  with  which  carbon  settles  out  from 
the  liquid  in  which  it  is  suspended,  and  the  poor 
fluidity  of  a mixture  of  carbon  and  mucilaginous 
liquid,  prohibit  its  use  for  modern  commercial  pur- 
poses ; there  is  evidence  also  that  writers  in  the  early 
centuries  endeavoured  to  replace  it  by  some  more 
convenient  substance,  for  Thomas  Astle,  the  author 
of  The  Origin  and  Prog7-ess  of  Writing,  originally 
published  towards  the  close  of  the  last  century,  men- 
tions that  he  possessed  a parchment  roll  requesting 
prayers  for  the  Countess  of  Oxford,  who  died  in  1199; 
this  roll  contains  certificates  from  many  of  the 
religious  houses,  flourishing  in  England  at  that  time, 
and  it  is  observed  that  whereas  some  of  them  are  as 
black  as  if  recently  written,  others  are  brown,  and  some 
of  a yellow  hue. 

The  extract  of  gall-nuts,  or  other  tannin  matter,  in 
combination  with  an  iron  salt,  which  forms  the  basis 
of  most  black  writing  inks  of  the  present  day,  was  in 
use  many  centuries  ago,  but  it  appears  to  have  at  first 
been  mixed  with  soot  or  lamp-black,  which,  however, 
seems  to  have  gradually  been  discarded.  The  blue- 
black  inks  of  the  present  day  consist  generally  of  this 
tannate  or  gallo-tannate  of  iron  suspended  in  water 
containing  gum,  and  mixed  with  indigo  or  some 
similar  colouring  matter. 

Coloured  inks,  eonsisting  probably  of  vegetable 
extracts,  were  known  to  the  aneients.  The  eoloured 
inks  of  to-day  are  frequently  simple  solutions  of 
aniline  dyes  ; but  logwood  and  other  vegetable  dyes 
are  still  used  to  a considerable  extent.  A somewhat 
remarkable  production  of  the  present  age  is  the  pre- 
paration of  a fireproof  ink  with  a platinum  salt  for  its 
basis,  to  be  used  in  conjunetion  with  a fireproof 
paper  composed  largely  of  asbestos. 

Before  leaving  the  subject  of  writing-inks,  mention 
must  be  made  of  the  changes  which  have  taken 
place  in  the  manufacture  of  paper  during  modern 
times,  for  the  quality  of  the  paper  largely  influences 
the  permanency  of  the  ink.  The  parchment  skins 
which  were  formerly  used  for  writing  upon  were  far 
superior  to  our  modern  paper,  so  far  as  preservation 
of  the  written  record  is  concerned ; even  the  old  un- 
bleached paper  was  superior  to  the  modern  bleached 
and  glazed  material,  for  small  quantities  of  chlorine 
and  lime  always  remain  in  the  paper,  and  apparently 
exert  a detrimental  effect  upon  both  paper  and  ink 
in  the  course  of  time.  The  result  of  using  wood 
pulp  for  paper  making  may  already  be  seen  in 
many  books,  in  which  the  paper  has  turned  to  a 
brown  colour,  and  become  so  brittle  that  it  may 


be  broken  into  small  pieces  by  merely  crumpling  \ 
in  the  hand. 

The  ink  in  use  at  the  present  day  by  the  draughts! 
man  for  drawing  purposes  appears  to  be  very  simLla| 
to  that  formerly  used  for  ordinaiy  writing  purposes! 
In  this  country  it  is  most  commonly  known  a 
“Indian  ink,”  although  it  appears  to  be  nios 
extensively  manufactured  in  China,  several  factorie 
for  preparing  the  ink  being  in  existence  at  Shanghai 
and  other  parts  of  the  Chinese  empire.  To  this  da 
it  is  often  used  as  a writing  ink  in  China,  Japan,  an- 
other Asiatic  countries,  a small  brush  taking  th, 
place  of  a pen. 

This  ink  is  merely  a mixture  of  carbon  and  gun 
with  the  addition  of  a small  quantity  of  musk,  0| 
Borneo  camphor,  to  give  it  the  characteristic  peculia 
odour.  But  the  preparation  of  this  simple  ink  is  b 
no  means  easy,  for  unless  the  materials  are  of  th 
finest  quality  and  the  carbon  as  finely  divided  as  it  i, 
possible  to  obtain  it,  an  inferior  ink  Avill  result.  A 
the  same  time,  there  are  no  extraordinary  propertiej 
about  genuine  Chinese  ink,  as  Europeans  have  bee: 
able  to  manufacture  ink  equal  in  quality,  if  noj 
superior,  to  that  which  comes  from  the  Far  East 
the  chief  drawback  to  European  ink  is  that  th 
European  manufacturer  is  apt  to  seize  upon  the  firs  . 
opportunity  of  substituting  cheaper  raw  materials,! 
whereas  the  tendency  of  Chinamen  is  to  remaiif 
m stntii  quo  throughout  eternity. 

After  the  carbon  and  gum  have  been  mixed,  tlr 
product  has  to  be  slowly  and  carefully  dried.  Th- 
moulding  of  the  sticks  is  effected  in  moulds  engravec 
on  the  inside  with  Chinese  characters,  such  as  th- 
well-known  dragon,  &c.,  and  the  gilding  is  performec 
with  gold-leaf.  The  high  polish  of  the  sticks  is  sai( 
to  be  produced  by  brushing  them  Avith  a hard  brusl 
impregnated  with  tree-wax.  A good  sample  0 
Chinese  or  Indian  ink  is  fine-grained  and  homogeneou 
throughout,  does  not  deteriorate  with  age,  and  Avil 
produce  lines  of  perfect  regularity  of  tint. — lh\ 
Builder. 


Notes  on  Books. 

♦ 

A SIMPLE  Guide  to  the  Choice  of  a Photo- 
graphic Lens.  By  T.  R.  Dallmeyer. 

Of  the  thousands  of  photographers  who  are  con- 
stantly using  lenses,  but  Aery  feAv  probably  have! 
any  knoAvledge  of  the  principles  on  Avhich  so, 
familiar  a piece  of  apparatus  Avorks,  its  merits  or  its| 
defects.  Mr.  Dallmeyer’s  pamphlet  is  an  effort  to| 
explain,  in  the  simplest  possible  language,  and  Avith-i 
out  the  use  of  mathmetical  symbols  or  formulae,  thej 
optical  principles  Avhich  goA'ern  the  construction  and^ 
use  of  photographic  lenses.  Mdiy  some  lenses  are 
“slow”  others  “rapid,”  AA’hy  some  are  classerl  ar^ 
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“wide  angle,”  the  meaning  of  “depth  of  focus,” 
“ astigmatism,”  “ flatness  of  field,”  “ spherical 
elevation  ; ” these  and  similar  questions  are  answered 
n simple  language,  and  explained  by  numerous 
diagrams. 


Soldiering  Fifty  Years  Ago  : Australia  in  the 
Forties.  By  Major  de  Winton.  1898.  European 
Mail. 

Major  de  AVinton’s  experiences  lay  principally  in 
Australia,  and  he  is  consequently  able  to  record  many 
interesting  reminiscences  of  the  early  days  of  the 
! colonies.  He  went  out  with  a detachment  in  charge 
of  a convict  ship,  and  his  duties  in  Australia  were 
principally  in  connection  with  the  convicts.  At  one 
, time  he  was  stationed  at  Norfolk  Island,  so  that  he 
is  able  to  speak  with  authority  on  the  results  of 
transportation.  His  view'  is  certainly  more  favourable 
than  that  of  other  more  sensational  w’riters,  and 
his  accounts  of  convict  life  are  more  satisfactory 
than  those  which  are  generally  prevalent.  He  also 
bears  testimony  to  the  value  of  the  services  of  the 
officers  who  discharged  duties  never  pleasant,  and 
often  onerous  and  difficult. 


General  Notes. 

♦ 

Mines  and  Quarries. — The  output  of  coal  in 
the  United  Kingdom  for  the  year  1897  was  as 
follows: — England,  143,477,127  tons;  AVales, 
29,424,048  tons  ; Scotland,  29,082,996  tons  ; Ireland, 
135,025  tons;  making  a gross  total  of  202,119,196. 
The  output  of  fireclay  was  : — England,  1,734,086 
tons;  AA'ales,  213,535  tons;  Scotland,  726,951  tons  ; 
Ireland,  7,900  tons — gross  total,  2,682,472  tons. 
Of  oil  - shale  : — England,  10,580  tons;  AVales  1,560 
tons  ; Scotland,  2,21 1,617  tons — gross  total,  2,223,757 
tons.  The  total  number  of  persons  employed  in 
mines  and  quarries  in  the  United  Kingdom,  is  695,213 
(558,305  below  ground,  136,908  above  ground). 

Art  Metal  Exhibition. — An  Exhibition  of  Art 
Metal  AA'ork  wiU  be  held  at  the  Royal  Aquarium  from 
the  27th  May  to  30th  June.  St.  Stephen’s  Hall, 
possessing  a separate  entrance  and  with  an  area  of 
50,000  square  feet,  and  the  south  gallery  are  allotted 
to  the  reception  of  the  loan  collection  of  ancient 
armour  and  fine  metal  work.  The  galleries  will  be 
screened  from  the  rest  of  the  building  by  oak  and 
tapestr}\  The  main  portion  of  the  Exhibition,  com- 
prising the  Industrial  section,  will  be  held  'n  the  north 
galler)’  and  the  arena.  The  Concert -hall  is  to  be  given 
up  to  competitions  of  craftsmen  and  their  appren- 
tices. The  last  comprehensive  display  of  modern 
metal  craft  seen  in  London  w:  s in  1862,  and  the  last 
important  loan  collection  of  a:  cient  metal  w’ork  wa^ 
shown  at  the  Ironmongers’-hall  a few  years  later.  The 
Hon.  President  of  the  present  E:;l  ibition  is  the  Dake 


of  AVestminster,  K.G.,  and  the  Hon.  Vice-President 
is  the  Marquis  of  Lome,  K.T.  The  Hon.  Secretarj- 
is  Air.  J.  Starkie  Gardner. 


MEETINGS  OF  THE  SOCIETY. 

Ordinary  Meetings. 

Wednesday  Evenings,  at  8 o’clock  : — 

May  4. — “ The  Revival  of  Hand -loom  AVeaGng.”' 
By  AIiss  Clive-Bayley.  ir  George  Birdwooiv 
K.C.I.E.,  C.S.I.,  will  preside. 

May  II. — “ AVater  Gas  and  its  Applications.”" 
By  Professor  Vivian  B.  Lewes. 

AIay  18. — “The  Evolution  of  the  Cycle.”  By 

J.  K.  Starley.  C.  V.  Boys,  F.R.S.,  will  preside- 

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — 

AIay  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E.,. 

K. C.B.,  D.C.L.  (Member  of  the  Council  of  India)- 
Henry  AI.  Stanley,  ALP.,  will  preside. 

Foreign  and  Colonial  Section. 
Tuesday  afternoon,  at  4.30  o’clock  : — 

AIay  24. — “The  Goldfields  of  British  Columbia.” 
By  AV.  Hamilton  AIerritt.  Sir  Charles  Mal- 
colm Kennedy,  K.C.AI.G.,  C.B.,  will  preside. 


Applied  Art  Section. 

Tuesday  evening,  at  8 o’clock  : — • 

AIay  3. — “ Senefelder  and  the  Centenary  of  Litho- 
graphy, 1798-1898.”  By  Joseph  Pennell. 

AIay  10,  at  4.30  p.m. — “The  Art  of  AAhUiam. 
Alorris.”  By  F.  S.  Ellis. 


Cantor  Lectures. 

Alonday  Evenings,  at  Eight  o’clock  : — 

Prof.  Charles  A.  Carus  AATlson,  M.A.^ 
M.Inst.E.E.,  Professor  of  Electrical  En- 
gineering, McGill  University,  Alontreal.. 
“Electric  Traction.”  Four  Lectures. 

Lecture  I.— AIay  2. 

The  action  of  a motor — How  to  find  the  force  for 
a given  current- - Relation  between  force  and  power — 
Conditions  of  uniform  motion — Speed  and  torque 
curves — Series  winding— ALuiation  of  speed  with  load 
and  tension  of  line— General  description  of  a railway 
motor — Relation  of  motor  torque  to  draw-bar  pull — 
Design  of  equipment  for  given  output. 

Lecture  II. — AIay  9. 

Acceleration — Conditions  under  which  a train  is- 
started — Alethod  of  drawing  acceleration  curves — 
Uniform  and  variable  acceleration — Example — The 
City  and  South  London  Railway — Control — Com- 
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parison  of  different  methods — How  to  ensure  a smooth 
start  — The  series-parallel  controller  — Example — 
The  Liverpool  Overhead  Railway— Different  ways  of 
handling  the  controller — Example — The  Buffalo  and 
JS’iagara  Falls  Electric  Railway — Effect  of  the  slipping 
of  the  driving-wheels. 

Lecture  III. — May  16. 

Energy  diagrams  — Sub-divisions  of  energy  ex- 
penditure— Case  when  final  speed  is  fixed —Possible 
ways  of  reducing  the  expenditure — Effect  of  series 
winding  is  to  reduce  the  heat  loss — Highest  economy 
limited  by  the  weight  of  the  motor — How  to  find  the 
best  values  of  gear-ratio  and  driving-wheel  diameter 
— Example  — The  Baltimore  and  Ohio  Railroad — 
Effect  of  reduction  in  train  resistance — Use  of  roller 
bearings. 

Lecture  IV.— May  23. 

Case  when  the  final  speed  is  not  given — Design  for 
covering  a given  distance  in  the  shortest  time  for  a 
given  current — Time  curves — Effect  of  using  driving- 
wheels  of  different  diameters — Design  for  covering  a 
given  distance  in  a given  time,  with  the  least  possible 
expenditure  of  energy — Influence  of  the  weight  of  the 
motor  on  the  economy — Advantage  of  gearing — 
Example — The  Chicago  Metropolitan  Elevated  Rail- 
road. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  May  2 ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof. 
Carus  Wilson,  “ Electric  Traction.” 

Farmers’ Club,  Salisbury- square  Hotel,  Fleet-street, 
E.C.,  4 p.m  Mr.  J.  F.  Beddall,  “ Dairy  Farmers 
— their  Difficulties  and  Requirements.” 

Royal  Institution,  Albemarle-street,  W.,  5 p.m. 
General  Monthly  Meeting. 

Engineers,  in  the  Theatre  of  the  United  Service 
Institution,  Whitehall,  S.W.,  7J  p.m.  Adjourned 
Discussion  on  Dr.  Thresh’s  paper,  “ The  Protection 
of  Underground  Water  Supplies.” 

Chemical  Industry  (London  Section),  Burlington- 
house,  W.,  8 p.m.  Dr.  W.  Hampson,  “ Self-inten- 
sive Refrigeration  of  Gases,  Liquid  Air  and 
Oxygen.” 

Surveyors,  Savoy-street,  W.C.,  8 p.m.  Adjourned 
Discussion  on  Mr.  H.  M.  Grellier’s  paper,  “ Tithe 
Rent  Charge  Recovery,”  and  on  Mr.  Thomas 
Blashill’s  paper,  “ Lessons  from  Fire  and  Panic.” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Annual  Meeting. 

Victoria  Institute,  8,  Adelphi-terrace,  W.C.,  4J  p.m. 
Prof.  Hull,  “ British  Submerged  River  Valleys.” 
TunsDAY,  May  3 ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Applied  Art  Section.) 
Mr.  Joseph  Pennell,  “Senefelder  and  the  Cen- 
tenary of  Lithography,  1798-1898.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Dr.  S.  R.  Gardiner,  “ The  Historical  Development 
of  Europe.”  (Lecture  I.) 

Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m. 

Society  of  Designers,  Clifford’s-inn,  E.C.,  8 p.m. 
Mr.  E.  Foley,  “Design  for  Furniture  and  other 
Woodwork.” 

Pathological,  20,  Hanover-square,  W.,  8|  p.m. 


Biblical  Archaeology,  37,  Great  Russell-street,  W.C., 

8 p.m. 

Zoological,  3,  Hanover-square,  W.,  p.m.  i. 
Sir  H.  H.  Johnston,  “ Remarks  on  the  Larger 
Mammals  of  Southern  Tunisia.”  2.  Prof.  Robert 
Collett,  “ Some  Pigeons  and  Parrots  from  North 
and  North-West  Australia.”  3.  Dr.  W.  T.  Blan- 
ford,  “ Notes  on  Two  Hares,  Lepus  oisololus  and 
L.  pallipes,  from  Tibet,  and  on  a Kashmir 
Macacus."  4.  Messrs.  F.  A.  Dixey,  M.  Burr,  and 
O.  Pickard-Cambridge,  “A  Collection  of  Insects 
and  Arachnida  made  in  1896-97  by  Mr.  E.  N. 
Bennett  in  Sokotra,  with  Descriptions  of  New 
Species.” 

Wednesday,  M.\y  4... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Miss  Clive-Bayley,  “ The 
Revival  of  Hand-loom  Weaving.” 

Geological,  Burlington-house,  W.,  8 p.m. 

United  Service  Institution,  Whitehall,  S.W.,  3^  p.m. 
Major  F.  N.  Maude,  “ Economical  Army  Re- 
form.” 

Archaeological  Association,  32,  Sackville-street,  W., 
4J  p.m. 

Obstetrical,  20,  Hanover-square,  W.,  8 p.m. 

Thursday,  May  5. ..Royal,  Burlington-house,  W.,  4J  p.m. 

Antiquaries,  Burlington-house,  W.,  8|  p.m. 

Linnean,  Burlington-house,  W.,  8 p.m.  i.  Sir 
John  Lubbock,  “ Some  Spitzbergen  Collerabola.” 
2.  Miss  Ethel  Barton,  “The  Structure  and 
Development  of  Soranthera."  3.  Mr.  J.  T. 
Cunningham,  “ The  Species,  the  Sex,  and  the 
Individual.” 

Chemical,  Burlington-house,  W.,  8 p.m.  i.  Messrs. 
C.  F.  Cross,  E.  J.  Bevan,  and  Claud  Smith,  “ The 
Reactions  of  the  Carbohydrates  with  Hydrogen 
Peroxide.”  2.  Mr.  H.  J.  H.  Fenton,  “The  Pro- 
perties and  Relationships  of  Dihydroxytartaric 
Acid.  Part  II.”  3.  Mr.  S.  Skinner,  “The 
Affinity  Constants  of  certain  Hydro.xy-acids.”  4. 
Mr.  J.  Murray  Crofts,  “ Molecular  AVeights  in 
Solution  of  Permanganates,  Perchlorates,  and 
Periodates.” 

Society  for  the  Encouragement  of  Fine  Arts,  9,  Con- 
duit-street, W.,  8 p.m.  Sir  Wyke  Bayliss,  “The 
Likeness  of  Christ  from  the  ist  to  the  19th 
Centuries.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Rev.  Canon  Ainger,  “Some  Leaders  in  the  Poetic 
Revival  of  1760-1820.”  (Lecture  III.) 

Iron  and  Steel  Institution,  25,  Great  George-street, 
S.W.,  loj  a.m.  Annual  Meeting.  Reading  of 
Papers  and  Discussions. 

Friday,  May  6. ..Royal  Institution,  Albemarle-street,  W., 
8 p.m.  Weekly  Meeting,  9 pm.  Mr.  Edward 
A.  Minchin,  “ Living  Pictures.” 

Iron  and  Steel  Institution,  25,  Great  George-street, 
S.W.,  loj  a.m.  Annual  Meeting.  Reading  of 
Papers,  and  Discussions  (continued). 

Geologists’  Association,  University  College,  W.C., 
8 p.m.  I.  Mr.  Horace  B.  Woodward,  “ Notes  on 
Skye.”  2.  Mr.  Aubrey  Strahan,  “ Observations  in 
Lapland.” 

J unior  Engineering,  Westminster  Palace  Hotel,  S.  W., 
8 p.m.  Mr.  Harry  Fraser,  “Evaporative  Con- 
densers, and  Independent  Air-Pumps  for  same.” 

Philological,  University  College,  W.C.,  8 p.m. 
Annual  Meeting. 

Quekett  Microscopical  Club,  20,  Hanover-square, 
W.C.,  8 p.m. 

Saturday.  May  7. ..Botanic,  Inner  C rcle,  Regent’s-park, 
N.W.,  8|p  m. 

Royal  Institution,  A’bemarl  -street,  W.,  3 pm. 
Sir  Walter  Parratt,  “ Prog  amme  Music.”  (Lec- 
ture III.) 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  JV.C. 


Notices. 


CANTOR  LECTURES. 

On  Monday  evening-,  2nd  inst.,  Professor 
Charles  A.  Carus  Wilson,  M.A.,  M.Inst. 
E.E.,  delivered  the  first  lecture  of  his  course 
on  “ Electric  Traction.” 

The  leetures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


APPLIED  ART  SECTION 

Tuesday,  May  3,  1898  ; Lewis  Eoreman 
Day,  Member  of  Council,  in  the  chair. 

The  paper  read  was  “ Senefelder,  and  the 
Centenary  of  Lithography,  1798—1898,”  by 
Joseph  Pennell. 

The  paper  and  report  of  the  discussion 
will  be  published  in  a future  number  of  the 
Journal. 


PRACTICAL  EXAMINATIONS  IN 
MUSIC. 

The  Practical  Examinations  in  Vocal  and 
Instrumental  Music  will  be  conducted  by  Mr. 
John  Farmer,  Balliol  College,  Oxford,  and 
Director  of  the  Harrow  Music  School,  Examiner, 
and  Mr.  Ernest  Walker,  M.A.,  Mus.Bac., 
Oxon,  and  Mr.  Burnham  Horner  (organ). 
Assistant  Examiners,  at  the  House  of  the 
Society,  and  will  commence  on  Monday,  27th 
June. 

The  last  day  for  receiving  applications  is 
Saturday,  14th  May. 

Particulars  can  be  obtained  on  application 
to  the  Secretary. 


Proceedings  of  the  Society. 

4 

NINETEENTH  ORDINARY 
MEETING. 

Wednesday,  May  4,  1898;  Sir  George 
Birdwood,  K.C.I.E.,  C.S.I.,  M.D.,  Vice- 
President  of  the  Society,  in  the  chair. 


The  following  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Greg,  Arthur,  Eagley,  Bolton. 

Jacobson,  Nathaniel,  Olive-mount,  Cheelham-hill- 
road,  Manchester. 

Yong,  William,  Town-hall,  Salford. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society:  — 

Callan,  William,  2,  Coleman-street,  E.C. 

Cory,  John,  J.P.,  D.L.,  4,  I’ark-crescent,  Regent’s- 
park,  W.,  and  Duffryn,  Cardiff. 

Gray,  Matthew  Hamilton,  Lessness-park,  Abbey- 
wood,  Kent. 

Johnson,  Henry  Luttman,  Alenho,  Ridgeway, 
Wimbledon,  S.W. 

Kingdon,  G.  H.  K.,  47,  Lovely-lane,  Warrington. 
McKeone,  Henry,  18,  Addison-gardens,  W. 

Madho,  1\  Beni,  Jodhpur,  Rajputana,  India 
Mathers,  Edward  Peter,  Glenalmond,  Beckenham, 
Kent. 

Riley,  Lionel  Vincent,  10,  Throgmorton-avenue, 

E.C. 

Walker,  James  Lewis,  178,  Queen’s-gate,  S.W. 
Watts,  Philip,  Elswick  Shipyard,  Newcastle-on- 
Tyne. 

White,  James  Martin,  Balruddery,  New  Dundee. 
Wood,  John  Alfred,  Kenmore,  New  Eltham,  Kent, 
and  2 Coleman-street,  E.C. 

The  paper  read  was — 

THE  REVIVAL  OF  HAND-LOOM 
WEAVING. 

By  Mtss  Clive-Bayley. 

Poetry  and  music  thrive  best,  it  is  true, 
in  the  forest  and  in  the  moorland,  where  no 
coal  smoke  adds  lurid  glory  to  the  sunset,  nor 
sullies  the  heavenly  purity  of  the  air.  Out  on 
the  lonely  mountain  sides  the  laboured  breath 
of  steam,  the  clang  of  mighty  engines,  are 
unknown,  and  there  is  little  wonder  that  the 
dwellers  in  those  parts  catch  instead  the 
footfall  of  phantom  deer,  the  passing  of  those 
“who  are  not,”  and  of  the  many  wondrous 
beings  who  people  alike  the  imagination  and 
the  literature  of  primitive  nations.  It  needs 
but  little  poetic  instinct  to  revel  in  the  silence 
of  the  forest.  To  catch  the  meaning  of  that 
silence,  and  to  give  it  voice,  is  the  inborn 
impulse  of  a child  cradled  by  Nature,  and 
taught  in  tongues  which  are  too  acute  or  too 
deep  for  ears  dulled  by  a city’s  din.  It  is 
natural  that  the  poetic  fancy  should  intertwine 
itself  with  the  occupations  of  home  life,  with 
the  employments  and  crafts  learnt  at  a mother’s 
knee.  Hence  the  runes  of  the  Kalewala  are 
rich  in  imagery  connected  with  the  trade  of 
spinning  and  weaving,  and  when  Wainominen, 
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old  and  noble,  is  asked  whence  he  got  his 
songs,  he  says  he  gathered  them  from  the 
forest,  from  the  spring  grasses,  from  the  bud- 
ding hedgerows,  from  the  song  of  birds,  and 
from  his  mother’s  wheel. 

It  requires  a genius  of  quite  another  order 
to  understand  the  throbbing  vitality  of  a vast 
factory,  pulsating  with  an  energy  which, 
though  it  is  not  human,  is  nevertheless  the 
translation  into  very  forcible  prose  of  man’s 
highest  faculties — imagination,  invention,  crea- 
tion. One  must  isolate  onesself  in  that 
clanking  wilderness  of  noise  before  one  can 
realise  that  it  is  human  intellect  which  lit  the 
match  and  fused  into  active  combination  the 
latent  forces  of  inert  matter. 

It  requires  only  a moment’s  concentration 
of  thought,  most  necessary  in  those  who 
deem  it  possible  that  hand-weaving  can 
ever  supersede  machine-weaving,  to  realise 
that  it  is  precisely  to  these  two  inert  masses, 
coal  and  iron,  in  steam  and  machinery, 
that  we  owe  the  phenomenal  prosperity  and 
ascendancy  of  British  trade.  The  history  of 
the  Victorian  era  is  the  history  of  expansive 
force  and  multiplied  energy — of  enterprise 
carried  on  the  breath  of  steam,  of  energy 
manifolded  by  machine  power  ; and  it  is  only 
by  this  just  appreciation  of  the  scope  of 
machine  work — of  its  purpose  and  its  sig- 
nificance— that  we  can  in  any  degree  grasp  the 
situation  suggested  in  the  words,  “the  revival 
of  hand-loom  weaving.”  Much  of  the  senti- 
ment which  hangs  over  hand-work  versus 
machine-work  is  a cloud  of  incense,  sweet  but 
bewildering,  which  too  often  hides  the  shrine  of 
truth,  or  dulls  and  enervates  the  understanding. 
I have  heard  a wish  expressed  that  the  followers 
of  him  who  first  lit  a coal  fire  in  London  had 
been  hanged,  as  he  was,  for  polluting  God’s 
air ; and  for  many  years  the  cry  of  Devildust 
and  his  companions,  as  for  the  “rights  of 
labour,  the  people  goes  for  nothing  with  this 
machinery,”  was  echoed  by  thousands  who 
found  their  occupation  gone.  But  so  changed 
is  the  present  aspect  of  aflFairs  that  the  Textile 
Mercury  and  Yorkshire  papers  congratulate 
their  machine  hands  that  the  present  revival  of 
spinning  is  not  likely  to  interfere  with  their 
trade,  nor  come  into  competition  with  the 
machinery  which  has  established  so  over- 
whelmingly an  ascendancy  in  our  country.  The 
rights  of  labour  have  shifted  ; the  machinery 
is  its  bulwark,  and  not  its  bane. 

To  deal,  however,  exhaustively,  or  even 
comprehensively,  in  one  short  paper  with  all 
the  different  interests  which  merge  themselves 


in  the  subject  of  hand- weaving  and  its  revival, 
is  difficult  if  not  impossible.  It  needs  but  a 
moment’s  thought  to  realise  how  such  a topic 
is  fraught  with  difficulty  ; how  it  deals  with 
burning  questions  of  the  hour;  how  politics, 
social  problems,  education,  trade  and  com- 
merce, colonial  interests,  and  foreign  alfairs, 
are  intimately  affected  by  any  such  revival  of 
an  almost  extinct  industry,  should  it  pass  the 
limits  of  a woman’s  fashion  or  a parish  council- 
room. 

So  much  aestheticism  and  even  socialism  has 
been  talked  about  the  question,  that  it  is  not 
easy  to  divest  one’s  mind  of  a prejudice 
against,  or  a tendency  to  overestimate  the 
movement,  or  to  balance  the  reasons  for  and 
against  such  a revival  with  a calm  and  un- 
biassed commonsense. 

The  mere  word  revival  leads  us  to  remember 
that  there  was  a time  when  hand-weaving  was 
all  in  all,  that  its  very  supremacy  gave  birth 
to  its  competitor,  and  that  its  revival,  if  it  lasts 
as  we  all  trust  it  may,  must  be  founded  not  on 
the  death  or  decay  of  machine-weaving,  but 
on  a higher  plane  of  superior  workmanship,  of 
quality  as  against  quantity,  of  educated  and 
delicate  handicraft  against  precise  but  auto- 
matic skill. 

We  are  told  that  the  trade  of  our  country 
is  on  the  decline  ; that  with  an  increasing 
population  we  have  a diminished  number  of 
artisan  and  industrial  work-men  and  women  ; 
that,  owing  partly  to  the  foresight  and  educa- 
tional system  of  Germany,  Belgium,  and 
Switzerland,  the  monopoly  of  power  - loom 
weaving  is  passing  from  us  ; that  with  us,  as 
with  Spain  when  she  became  the  bullion  dealer 
of  the  world,  the  industrial  arts  are  dying 
strangled  by  that  scorn  of  labour  which  is  the 
precursor  of  industrial  ruin.  But  prophets  who 
prophesy  wisely  give  always  a loophole  for  the 
falsification  of  their  words,  and  if  we  repent  us 
of  our  indolence,  our  insolent  neglect  of  that 
marvellous  instrument  of  production  which 
marks  us  off  from  the  brute  creation,  we  may 
yet  turn  the  tide  of  ruin,  and  save  the  credit 
and  industrial  life  of  our  country.  It  is  chiefly 
to  women  that  the  nation  looks  for  works 
humble  in  nature  but  significant  and  potent 
in  results.  The  rights  of  women  are  estab- 
lished, and  among  them  the  one  we  chiefly 
appreciate  is  the  right  to  work,  and  to  those 
who  desire  to  use  that  right,  there  is  no 
difficulty  in  obtaining  an  opportunity  to  do  so. 

Now  on  the  face  of  this  question,  it  is  self- 
evident  that  where  quantity  is  concerned,  the 
power-looms  can  turn  out  millions  of  yards 
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of  calico  and  of  cheap  goods,  which  it  would 
take  years  for  hand-looms  to  accomplish ; and, 
therefore,  no  reasonable  person  would  venture 
to  suggest  competition  with  this  unskilled  toil. 

But  there  is  no  doubt  that  while  machines 
are  thus  making  us  in  one  sense  realise  that 
time  is  money,  and  that  every  moment  can  be 
calculated  at  so  much  per  yard,  we  have,  as  it 
were,  displaced  the  balance  of  time,  made  so 
infinitely  valuable  in  the  factory  and  workshop, 
that  we  have  there  to  put  time  limits,  while  in 
the  cottage  there  is  a glut  of  it,  and  in  the  homes 
of  the  educated  classes  there  is  too  often  so 
much  time  on  hand  that  numerous  devices 
have  to  be  taken  in  order  to  kill  it. 

The  women  of  England  have  had  a surfeit  of 
idleness,  are  weary  of  practising  unending 
scales,  exercises,  and  light  music,  on  the  ever- 
cheapening  and  what  are  really  now  cottage 
pianos  ; are  sensible  that  rummage  sales,  fancy 
bazaars,  and  crazy  patchwork  are  not  the  whole 
soul  and  business  of  life,  and  that  missing 
word  competitions,  double  acrostics,  and  even 
golf,  bicycles,  or  croquet,  are  not  sufficient  to 
satisfy  their  activities  and  their  restlessness. 

Those  who  have  turned  what  would  other- 
wise have  been  their  unused  energies  in 
the  direction  of  charity  organisation,  work 
on  public  bodies,  such  as  School  Boards,  as 
officials  or  school  managers,  and  guard- 
ians, know  how  great  is  the  same  want  of 
occupation  among  the  poor.  Machines  have 
taken  away  a great  proportion  of  the  work 
which  made  cottage  women  busy.  These  latter 
spin  not,  they  weave  not,  they  make  not,  they 
mend  not,  and  the  bakers,  soup  kitchens,  and 
schools  take  away  the  other  occupations  of 
baking,  cooking,  and  looking  after  their 
children,  which  used  to  form  so  important  a 
feature  in  their  lives.  There  is,  no  doubt, 
somewhere  or  other,  a plethora  of  washer- 
women and  charwomen,  but  one  always  fails 
to  find  them,  and  the  usual  cry  of  women  in 
their  homes  is  the  dulness  and  lack  of  interest, 
which  necessitates  amusement,  either  in  the 
milder  forms  of  village  gossip,  or,  in  some  sad 
homes,  of  novel  reading,  drinking,  and  even 
gambling.  Now  it  is  just  this  waste  of  valuable 
time,  of  still  more  valuable  human  labour, 
energy,  and  intelligent  activity,  which  places 
us  at  a manifest  disadvantage  with  our 
competitors  abroad.  There  is  nothing  more 
terrible  than  to  go  on  a foot  journey  round 
some  of  what  once  were  our  most  industrious 
villages,  and  ask,  “ What  is  your  occupation  ? 
— how  do  you  employ  your  time  ? " No  ; their 
mothers  worked  lace,  their  grandmothers  spun. 


their  predecessors  in  every  generation  did  this 
or  that  work,  but,  in  this  generation,  whatever 
strength  or  help  can  be  gained  from  a popula- 
tion of  industrious  cottagers,  is  practically 
lost  to  the  country,  and  why  ? because  the 
machines  have  so  increased  the  artificial  value 
of  time,  that  it  is  too  valuable  to  use  in  unpro- 
ductive arts,/.^.,  unproductive  of  money.  The 
economy  of  labour  is  forgotten,  the  wasted 
energy  is  not  taken  into  account,  and  the 
education  of  our  last  generation,  at  all  events, 
was  that  of  know  all,  but  do  nothing.  It  is 
possible  that  a sense  of  the  dignity  of  labour  is 
now  being  awakened  w'ithin  us,  but  the  loss  of 
that  sense  has  sent  us  back  many  generations 
in  the  path  of  industrial  handicraft. 

It  is  probably  the  weariness  of  doing  nothing, 
and  a reaction  in  our  school  system  in  favour 
of  hand-work,  which  has  brought  us  so  far  on 
the  road  towards  the  revival  of  what  was  once 
England’s  most  noted  industry,  that  the  possi- 
bility of  its  revival  is  even  mooted.  Eour  or 
five  years  ago,  such  a possibility  was  regarded 
as  the  wildest  chimera,  and  Langdale  and 
Windermere  fought  the  battle  alone.  Winter- 
slow,  Ramsbury,  Haslemere,  not  to  speak  of 
Sandringham,  have  followed  suit,  and  the 
Scotch  and  Irish  hand  industries  are  strong  and 
recognised  bodies,  and  gallant  little  Wales  has 
rallied  to  the  textile  battle.  Monmouth,  Bristol, 
and  Canterbury,  Compton  Greenfield,  Satch- 
ville  Heaton,  and  Little  Gaddesden,  have  all 
their  special  interests,  and  scattered  individual 
efforts  all  over  the  country  testify  to  awakened 
interest. 

The  question  is,  if  the  revival  spreads,  how 
far  may  it  be  expected  to  e.xtend  ? what  are  its 
limits  ? and  what  its  possibilities  ? It  is, 
perhaps,  easier  to  speak  of  the  actual  revival 
and  rapidly  - increasing  activity  in  the  silk 
trade — a revival  not  the  less  to  be  acknow- 
ledged, though  both  Bethnal-green  and  Spital- 
fields  have  been  denuded  of  looms  and  workers. 
On  the  contrary,  it  is  rather  a virtue  than  a 
failing,  that  the  recrudescence  of  the  silk 
trade,  in  the  hand  branches,  has  drawn  its 
workers  away  from  the  congested  city  streets 
into  the  purer  air  and  cheaper  regions  of 
Suffolk  and  Essex.  Ipswich,  Braintree,  Sud- 
bury, and  the  villages  around — Haveril, 
Glemsford,  and  others — are  becoming  centres 
of  renewed  activity,  and  if  you  want  hand- 
weavers  you  will  find  it  pretty  well  im- 
possible to  get  them. 

One  of  the  causes  of  this  partial  recovery  of 
hand-weaving  is  no  doubt  the  wave  of  machine 
activity  which  is  sweeping  over  Europe.  Hither- 
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to  much  of  the  hand-weaving’  in  silk  has  been 
done  in  the  mountains  of  Italy,  in  Switzerland, 
and  the  South  of  France.  But  what  happened 
in  the  middle  of  this  century  in  England  has 
now  taken  place  abroad.  Capital  has  accumu- 
lated, and  turned  itself  into  machinery  ; peace 
has  brought  assurance  to  the  capitalist,  and 
quantity  rather  than  quality  is  the  goal  at 
which  he  aims. 

Given  the  possibility  of  obtaining  good 
weavers  in  the  silk  trade,  the  proceeds  of  a 
hand  factory  are  quite  as  great  as  those  of  a 
steam  factory.  The  outlay  in  machinery  in 
the  latter  instance  is  far  greater  than  in  the 
former.  The  time  and  labour  of  getting  the 
machinery  under  weigh  is  for  short  lengths  far 
more  in  a power-loom  than  in  a hand-loom,  and 
the  work  of  intricate  patterns  is  infinitely  supe- 
rior when  placed  in  the  hands  of  a practised 
weaver  than  when  entrusted  to  automatic 
machinery.  Hand-loom  firms  rarely  fail — 
power-loom  firms  are  not  nearly,  I am  told,  so 
fortunate  in  this  respect.  But  the  great  defici- 
ency is  workers,  for  after  the  first  conquest  of 
machinery,  the  product  of  hand-labour  was 
discounted,  and  the  exaggerated  importance 
and  value  of  time  seemed  to  paralyse  industry. 

The  superiority  of  work  in  the  hand-looms 
will  be  a matter  of  positive  proof,  and  can  be 
and  is  gradually  becoming  a subject  of  interest. 
The  better  the  class  of  hand  worker  we  train, 
the  greater  will  be  this  difference,  and  the  more 
potent  will  be  the  industrial  revival  which  re- 
conquers what  was  supposed  to  be  an  abrogated 
kingdom. 

Here  is  work  which,  if  taken  up  as  a pro- 
fession and  not  as  a pastime,  may  give  work  to 
thousands  of  our  idle  and  discontented  country 
women,  tlere,  if  peace  is  con^^inued  to  us  we 
may  find  a field  of  conquest  v*hich  may  enable 
us  to  disregard  the  diminution  of  machine 
labour,  and  the  loss  in  the  quantity  produced, 
for  the  demand  for  a better  class  of  article  is 
on  the  increase,  due  as  we  have  said  partly  to 
the  rapid  extension  of  machinery  on  the  Con- 
tinent, and  partly  to  a revival  of  an  artistic 
taste  for  that  v/hich  is  in  itself  the  work  of 
human  rather  than  automatic  skill. 

There  is,  however,  another  extensive  branch 
of  this  subject  which  deals  with  questions  which 
may,  perhaps,  trend  on  debatable  ground,  and 
therefore,  I should  not  like  to  urge  it,  though  I 
may  state  it  for  what  it  is  worth.  A cry  has 
been  raised  against  prison  labour,  against 
industry  in  any  form  which,  being  State-aided, 
might  interfere  with  trade.  But  since  trade  in 
our  spinning  and  weaving  centres  refuses  to  be 


frightened  by  this  mouse  which  nibbles  only  at 
chains  of  idleness,  it  is  possible  that  there  is  no 
chance  of  opposition  to  the  scheme.  But  the 
vast  loss  to  our  nation  of  man)^  thousands  of 
feeble-minded,  feeble-bodied  persons,  who  are 
dependent  on  the  State  or  public  for  mainten- 
ance ; of  children  in  industrial  homes,  in  State- 
aided  asylum.s,  not  to  speak  of  prisons,  work- 
houses,  and  the  whole  mass  of  unorganised  and 
unutilised  energy — why  should  it  not  be  turned 
to  account,  made  useful  to  itself  and  to  the 
country.  Why  should  not  the  beneficent  effect 
of  manual  education  be  extended  to  those  who 
most  need  it,  whose  feeble  mental  capacity 
requires  the  development  which  such  education 
gives. 

Experiments  are  being  made  at  this  moment 
in  a lunatic  asylum,  in  a deaf  and  dumb  home, 
in  an  inebriate  establishment,  and  in  a work- 
house.  Why  should  not  such  experiments 
be  extended  ? Why  should  the  extraordinary 
intelligence  displayed  by  deaf  mutes  not  be 
turned  to  account  ? Machine  labour  may  never 
be  ousted  from  the  field  by  hand  labour,  but 
in  the  competition  with  foreign  countries  who 
have  stolen  a march  upon  us  by  education  and 
technical  instruction,  let  us  in  a life  or  death 
struggle  use  every  instrument  we  possess,  and 
strain  every  energy  in  defence  of  our  industry 
and  commerce.  Hand-weapons  are  good  and 
effective  at  close  quarters,  and  we  may  wrest 
from  them  more  than  one  field  of  enterprise, 
and  win  it  for  our  own  countrywomen  and  our 
own  profit. 

The  districts  in  which  hand-weaving  in  wool 
fiourishes  are  notably  the  outlying  districts  of 
Ireland  and  Scotland,  where  the  principal 
sources  of  profit  are  the  various  tweeds,  which 
have  won  for  themselves  a well-deserved  fame. 

Certainly,  in  one  district  of  Ireland,  the 
industry  is  so  managed  that  not  a penny  of 
expense  is  incurred  beyond  that  of  absolute 
manufacture  and  cost  of  carriage.  Advertise- 
ment is  not  required,  for  the  goods  advertise 
themselves,  and  are  in  great  demand.  Agents 
are  not  required,  nor  is  any  profit  required 
beyond  that  which  covers  the  absolute  expenses 
of  the  undertaking.  Now,  of  course,  this  fact 
would  be  sufficient  to  stamp  the  enterprise  as  a 
non-commercial  undertaking,  and  to  brand  it 
as  charity  in  disguise.  It  may,  however,  more 
justly  be  classed  under  the  head  of  economic 
and  industrial  work,  for  wherever  an  industry 
puts  a pound  a week  into  a cottager’s  family 
pocket  which  would  otherwise  be  dependent  for 
subsistence  on  the  produce  of  bog  or  moorland, 
such  an  income  at  once  places  them  outside  of 
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dependence  on  the  poor-rates,  and  thus  inci- 
dentally assists  others  as  well  as  themselves, 
and  adds  to  the  prosperity  of  the  community  at 
large.  Care,  however,  has  to  be  taken  in  all 
such  cases  that,  when  once  the  original  or- 
ganisers of  the  work  give  it  over  into  other 
hands,  the  status  of  the  workers  does  not 
degenerate  by  means  of  certain  agencies, 
which  in  another  part  of  Ireland  has  im- 
poverished a formerly  most  flourishing  industry. 

The  system  as  it  now  works  is  this.  An 
agent  buys  in  London  a large  consignment  of 
tea ; this  when  delivered  in  the  district  of 
which  I speak,  costs  is.  3d.  a lb.  ; with  each 
pound  of  tea  he  provides  sugar  to  the  value  of 
about  3d.  He  charges  that  tea  and  sugar  to 
the  people  at  3s.,  and  gives  them  ^ lb.  of  tea, 
say,  for  a yard  of  material,  though  the  rate  of 
payment  may,  in  some  instances,  be  higher. 
The  agent  sells  that  material  in  the  English 
market  for  2s.  6d.  or  3s.  a yard,  which  is  not 
only  cent,  per  cent,  profit,  but  is  also  consider- 
ably below  the  actual  cost  of  production,  and 
thus  while  defrauding  the  actual  producers, 
pulls  down  the  price  of  labour  throughout  the 
country. 

As  to  the  cost  of  production.  The  average 
price,  say,  of  wool,  is  from  lod.  to  is.  per  lb. 
Counting  for  waste,  which  in  some  wools  is 
considerable,  a pound  of  wool  goes  to  a yard 
of  material.  The  price  of  washing,  carding, 
spinning,  and  oil — which  Irish  and  Scotch  in- 
dustries use — comes  to  another  is.  The  cost 
of  dyeing  is  from  6d.  to  pd.  per  lb.,  and  the 
cost  of  weaving,  from  3d.  to  6d.,  thus  bringing 
the  cost  of  production,  minus  carriage,  to 
2s.  pd.  or  3s.  3d.  a yard.  When  this  is  sold 
through  orthodox  channels  in  the  English 
market,  it  realises  from  3s.  pd.  to  4s.  6d.  a 
yard,  tailors  and  wholesale  houses  purchasing 
it  at  about  the  lower  sum. 

Now,  it  seems  at  first  sight  very  easy  to 
decry  this  system  of  payment  in  kind,  but  not 
long  ago  I heard  that  the  Irish  women  folk 
preferred  a system  which  secured  to  them  a 
certain  amount  of  grocery  to  the  more  easy 
payment  in  coin,  which  had  a habit  of  going 
into  their  husbands’  pockets  and  turning  into 
drink.  I have  never  been  to  Ireland  and  so 
cannot  tell  how  things  are  managed  there,  but 
I know  in  an  English  village  if  a woman  wants 
drink  she  can  get  it  in  exchange  for  bread,  and 
I suppose  there  may  be  similar  facilities  in 
Ireland. 

These  details,  however,  explain  the  matter 
now  in  dispute  between  the  two  sections  of  the 
Scotch  industries,  one  upholding  the  establish- 
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ment  of  grocery  stores,  the  others  avoiding 
any  such  system,  which  however  admirably 
managed  in  the  present,  and  the  very  greatest 
boon  to  outlying  districts,  may  so  easily  de- 
generate into  payment  in  kind,  and  that 
terrible  truck  system,  which  however  illegal, 
may  nevertheless  crop  up  in  new  forms  in 
distant  and  poverty-ridden  parts. 

With  regard  to  other  branches  of  hand- 
weaving, the  one  I should  most  urge  to  the 
front  is  linen.  In  Ireland  and  Scotland  the 
tweed  industry  is  so  well  established,  that  I 
would  not  encourage  any  English  countries  to 
develop  that  special  line  of  weaving.  It  is 
already  well  represented  at  Winterslow  and 
Ramsbury. 

True,  wool  is  the  natural  produce  of  this 
country,  but  if  anything  further  is  to  be  done 
in  this  line  in  hand-weaving,  it  ought  to  be  in 
lighter  fabrics,  or  in  the  old-fashioned  whinsey, 
which  lends  itself  to  more  general  use  than  the 
heavy  cloths,  finer  spun,  so  fashionable. 

Linen,  it  appears  is  always  in  request,  and 
the  American  market,  last  year,  made  greater 
demands  than  could  be  met. 

In  the  direction  of  art  weaving  and 
tapestry,  there  lies  a practically  unoccupied 
field  of  delightful  work.  It  is  probably 
better  suited  for  those  whose  natural  talent 
lies  towards  the  higher  branches  of  artistic 
development.  There  are  always,  in  every 
age,  wealthy  patrons,  those  who  will  gladly 
acquire  rare  works  of  art,  and,  though  the 
field  is  limited,  there  is  no  reason  why  it 
should  be  deserted.  It  is  one  of  the  lessons 
we  have  to  learn.  We  have  all  been  working 
for  time,  and  against  time.  Why  not  work 
for  eternity,  or,  at  all  events,  for  posterity  ? 
Those  who  work  for  to-day,  perish  with  to-day  ; 
but  they  who  live  with  the  knowledge  that 
to-morrow  is  but  the  continuation  of  to-da}'’s 
duties,  that  time  is  but  an  artificial  division, 
and  really  is  synonymous  with  eternity,  they 
live  really  and  work  honestly,  and  throw  the 
shuttle  to  some  purpose,  weaving  a web  which 
another  may  perhaps  inherit,  and  beginning 
what  another  may  complete.  But  while  thus 
sketching  out  hastily  and  cursorily  the  possi- 
bilities which  may  be  before  us  in  the  revival 
of  hand-weaving,  I would  throw  out  a few 
hints  as  to  the  direction  our  efforts  for  its 
advancement  might  take. 

The  school  system  of  to-day  offers  many 
opportunities  for  the  training,  not,  of  course, 
specialists  in  every  branch  of  trade,  for  the 
object  of  education  is  not  apprenticeship,  but 
the  development  of  general  intelligence.  As 
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with  machinery,  so  with  intelligence  ; directly 
you  specialise  you  circumscribe  your  powers ; 
directly  you  concentrate  you  may  gain  strength, 
but  you  lose  in  other  directions.  Nevertheless, 
if  you  wish  to  encourage  handicrafts,  the 
varied  occupations  of  the  Education  Code 
gives  the  opportunity  of  educating  and  de- 
veloping many  of  these  faculties,  and  much  of 
that  manual  skill  which  will  hereafter  be  of 
use  to  the  textile  worker.  Nay,  more,  the 
nature  object-lessons  will  give  the  children 
of  this  generation  a far  greater  insight 
into  the  resources  of  their  country  than 
was  enjoyed  by  their  forerunners,  and  should 
these  fortunate  circumstances  be  enhanced  by 
an  adaptation  to  older  classes  of  similar  forms 
of  instruction,  we  may  gain  a class  of  worker 
ready  prepared  for  hand-work,  intelligent  in 
mind,  and  comprehending  the  value  and 
beauty  of  manual  labour.  If  again  the  spirit 
of  travel,  which  the  fashionable  bicycle  has 
awakened,  leads  our  intelligent  classes  to 
travel  abroad,  they  may  well  do  so  with  a 
purpose.  How  is  it  that  wherever  you  go — in 
the  wilds  of  Lapland,  in  the  forests  of  Finland, 
on  the  steppes  of  Russia,  the  German  traveller, 
inured  in  his  early  school  days  to  foot  wander- 
ings of  many  weeks  duration,  or  to  the  artisan 
tours  so  frequent,  and  so  extended,  is  to  be 
found  omnipresent,  and  omnivorous  (if  we  may 
use  the  term)  in  his  trade  hunger.  Everywhere 
his  hideous  packs  are  to  be  seen,  his  polyglot 
tongue  to  be  heard.  Rather  than  not  drive  a bar- 
gain he  will  blunder  through  every  continental 
tongue,  sell  his  goods  below  the  cost  of  pro- 
duction rather  than  not  sell  them  at  all, 
and  all  along  and  at  every  moment  glean 
money  for  himself,  and  information  for  his 
fatherland.  He  will  penetrate  his  way  to 
the  ice  sea  and  look  what  the  White  Czar 
is  putting  up  shanties  for  on  the  only  open 
harbour  of  that  frozen  coast.  He  will  drop 
down  the  Danube  in  a cattle  boat,  search  for 
old  coins  on  the  Volga  or  the  Don,  and  do  a 
thriving  trade  all  the  while,  till  a tariff  war 
still  more  severe  than  the  last  drives  him  back 
to  his  own  country.  Where  all  the  time  is  the 
English  traveller  ? You  never  meet  him.  You 
may  scour  these  countries  and  tramp  over 
Belgium.  If  you  want  a special  article  from 
abroad,  and  cannot  get  it  yourself,  it  is  not  an 
English  traveller  but  a German  you  must  ask 
for  it.  Now  why  should  these  things  be  ? 
Cannot  we,  the  greatest  nomads  in  the  w’orld, 
make  headway  against  this  clever  and  ever- 
dominant  and  intrusive  race  ? 

Surely  the  ambition  of  every  English  man 


and  woman,  should  be  to  protect  our  trade, 
our  manufactures,  and  our  commercial  in- 
terest in  general  against  this  insidious  policy. 
That  patriotism  is  yet  alive,  and  to  be  kindled 
by  a spark,  German  travellers  know  well,  and 
the  impetus  given  to  one  home  trade  only,  that 
of  narrow  braid  and  trimming  weaving,  by  the 
German  Emperor’s  telegram  to  Kruger  was  an 
object-lesson  which  might  well  be  repeated. 
It  is  not  that  we  cannot  work,  that  we  cannot 
weave,  but  merely  that  the  spirit  of  industry  has 
received  blow  after  blow  and  has  become  inert. 
Machinery  on  industry,  as  we  have  said,  has  a 
paralysing  effect ; foreign  labour  invasion  is 
almost  equally  numbing ; while  certain  com- 
mercial treaties  put,  at  least  in  the  silk  trade, 
a final  weight  to  the  balance,  and  seem  alto- 
gether to  lay  the  former  energy  and  industry  of 
hand-weaving  trades  in  the  dust. 

If  the  revival  of  our  hand-weaving  is  to  be  a 
success,  if  we  are  to  reconquer  lost  ground, 
we  must  not  sit  still  and  admire  our  energy 
and  be  proud  of  our  revival ; we  must  carry  our 
goods  to  the  open  market ; we  must  do  as 
the  Germans  do — carry  our  campaign  into  the 
heart  of  distant  countries,  and  conquer  by  force 
of  persistency  as  well  as  by  the  virtue  of  ex- 
cellence. If  I had  time  and  money,  I would 
organise  a very  army  of  lady  travellers,  and 
trust  to  their  wit  and  their  energy  to  assist  the 
home  market. 

But  then  money  must  also  be  laid  out  at 
home.  We  must  not  only  teach  those  who  can 
afford  to  pay  for  instruction,  but  we  must  have 
the  means  wherewith  to  pay  the  many  who 
are  incapable  of  outlay.  One  large  silk  firm  is 
already  raising  the  roof  of  its  establishment,  in 
order  to  accommodate  a large  number  of  such 
hand-working  apprentices.  Another  applied, 
though  for  what  exact  purpose  I have  not  dis- 
covered, for  500  similar  workers.  Another,  and 
I believe  a linen  firm,  was  reported  to  need  2,000 
workers.  And  it  is  not  always  actual  weavers 
that  are  wanted — -winders,  harnessers,  enterers, 
twisters,  harness-makers  (though  harness  is 
now  chiefiy  made  by  machinery),  can  all  earn 
fair  wages  at  their  trade,  especially  in  the 
smaller  firms  where  gas-engines  have  been 
discontinued  for  winding  since  the  Factory  and 
Workshop  Acts  have  been  in  force. 

The  ever  - changing  details  of  legislation 
affects  our  various  trades,  now  in  one  way,  now 
in  another.  Boys  and  girls  cannot  easily  now 
obtain  labour  certificates  before  they  are 
fifteen,  but  they  can  leave  school  at  a much 
earlier  age.  Hence  in  Bethnal-green  several 
children  have,  since  a recent  change  in  the 
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Educational  Code,  been  taught  the  rudiments 
at  all  events  of  these  arts,  who  would  have 
otherwise  have  gone  straight  from  school  to 
quite  a dilferent  profession. 

There  is  no  doubt  one  species  of  legislation 
all  hand  - weavers  would  love  to  see  come 
through  Parliament.  Why  if  we  are  not 
allowed  to  call  margarine  butter  should  any 
rubbish  made  of  wood  be  called  silk,  or  silk  be 
so  weighted  with  lead  as  to  be  practically  a 
metal  ? Why  should  flax,  rhea  grass,  cotton 
wool,  or  any  other  substance  be  allowed  to  pass 
as  silk?  Why  should  best  serges  be  composed 
of  rhea  grass,  and  yet  pass  as  serge,  or  velvet 
be  made  of  the  ravellings  of  waste,  and  be 
called  velvet  instead  of  schapps?  We  may  all 
believe  in  free  trade  as  devoutly  as  we  believe, 
say,  in  the  Divine  right  of  kings,  but  free 
trade  does  not  consist  in  deception  or  imita- 
tion. Machinery  may  not  care  what  rubbish 
passes  through  its  manipulation,  but  a hand- 
weaver  must  be  and  always  is  more  or  less  of 
an  artist.  He  may  be,  and  he  almost  always  is, 
an  inventive  genius  (hence  the  origin  of  one  of  his 
mechanical  substitutes  for  his  own  diligence), 
but  he  would  consider  it  below  his  art,  a 
degradation,  if  you  will,  of  his  genius,  to  make 
rubbish  and  spoil  his  work  with  bad  material. 
Hence,  hand-weaving  represents  not  only  skill, 
but  honest  work — -it  is  the  conscience  of 
weaving  a forcible  contrast  to  the  shoddy  and 
scamping  work  of  a machine. 

We  have,  however,  barely  touched  on  that 
all-important  point  — wages.  What  can  a 
hand-weaver  earn  ? As  a matter  of  fact  a 
hand-weaver  is  paid  better  than  the  watcher  of 
machine  labour.  He  is  also  better  paid  now 
than  at  the  end  of  the  last  century. 

The  system  of  payment  in  the  silk  trade  has 
been  on  the  system  of  a retaining  fee.  Men 
w'ho  were  skilled  in  their  work  were,  and  still 
are  in  certain  firms,  paid  from  35s.  upward  to 
£2  los.,  and  even  £^  a week.  This  they  had 
to  work  off  during  the  week,  but  if  the  master 
had  not  sufficient  work  for  them,  they  ran  into 
debt  as  it  were,  a debt  of  work.  I have  known 
men  in  bad  times  be  £20,  ^30,  £60,  and  even 
;^8o  in  debt  to  their  masters.  Naturally  this 
was  a heavy  drain  on  a firm,  and  though  in 
good  weeks  a man  might  possibly  make  from 
£S  to  £y,  as  often  as  not  the  debt  was  never 
cleared  off,  and  this  system  of  payment  is  to 
my  mind  one  of  the  chief  causes  which  led  to 
the  employment  of  machine  versus  hand- 
weaving in  silk.  It  is  a ruinous  system  for 
masters  when  trade  is  bad. 

The  payment  is  regulated  by  a well-known 


tariff,  so  many  pence  per  yard  for  so  many 
threads  ; an  extra  ^d.  or  id.  would  be  added 
for  an  extra  1,000  threads,  or  for  an  additional 
shuttle,  for  the  use  of  a Jacquard  machine,  or 
for  an  extra  roll  ; so  that  what  might  at  first 
sight  seem  a ridiculously  low  price,  would 
mount  up  to  more  than  double  the  apparent 
sum. 

For  women  hand-weavers  no  such  extrava- 
gant earnings  are  possible,  because  they  ought 
only  to  go  in  for  light  work  and  narrow  wiiUhs, 
and  have  to  be  content  with  from  12s.  6d.  to 
35s.  a week.  The  latter  is  an  outside  price  ; 
7s.  6d.  and  los.  6d.  are  the  prices  earned 
in  the  country  by  beginners.  Hence  it  is 
that  employers  prefer  country  factories  and 
women,  for  in  both  cases  lower  prices  pre- 
vail. A guinea  per  week  is,  however,  said 
to  be  a fair  sum  in  I.ondon.  A lady  who 
can  spend  a small  sum  on  silk,  and  has 
her  own  clie7itele,  can  earn  proportionately 
more.  The  payment  for  a silk  square  of 
a given  size,  is  paid  for  at  the  rate  of 
IS.  id.  for  weaving.  A woman  is  expected  to 
weave  three  a day,  but  it  is  an  expectation  I 
have  never  seen  realised.  However,  that  silk 
square  contains  (let  us  say)  about  4s.  qd.  of 
silk.  If  a weaver  spoils  it,  she  is  charged 
7s.  6d.  If  it  is  sold  to  the  trade  at  lOs;,  and 
to  the  general  public  at  12s.  6d.  or  15s.,  then 
the  lady  would  realise  a handsome  profit,  even 
counting  the  cost  of  setting  up  her  work, 
which  is  an  expensive  item.  If  she  works  to 
private  orders,  she  can,  of  course,  quote  her 
own  price,  but  even  if  she  sold  them  to  the 
trade,  she  would  not  lose  by  the  transaction. 

The  paper  was  illustrated  by  a series  of  exhibits  of 
silks  and  other  materials  made  in  the  hand-loom  ; a 
hand-loom  and  spinning-wheel  were  also  shown  in 
action. 


DISCUSSION. 

The  Chairman  said  the  wisdom  of  the  Society  in 
inviting  Miss  Clive- Bayley  to  give  this  paper  had  been 
more  than  justified.  In  the  course  of  the  Society’s 
history  of  150  years,  few  j^apers  had  been  given 
by  ladies,  but  in  each  case  the  paper  had  been 
above  the  average.  Some  years  ago  Mrs.  Newman 
lectured  on  jewellery,  and,  in  1887,  !Mrs.  hhnest 
Hart  lectured  on  cottage  industries  in  Ireland, 
a subject  much  akin  to  the  present,  and,  looking  to 
the  results,  he  was  proud  to  think  that  he  was  one 
of  the  first  to  insist  on  the  barrier  being  broken  down 
which  limited  the  lecturers  to  men.  This  paper  had 
not  been  so  much  an  account  of  hand-loom  weaving  in 
England,  as  an  exposition  of  the  economic  side  of  the 
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subject,  of  which  he  had  no  knowledge.  However,  it 
had  been  so  lucid  that  he  had  easily  apprehended  it,  and 
had  derived  considerable  instruction,  while  everyone 
would  admit  that,  in  her  treatment  of  the  subject.  Miss 
Bayley  had  shown  great  imaginative  power.  It  was 
very  interesting  to  hear  how  far  the  revival  had 
extended,  and  he  thought  it  was  a field  in  which 
female  labour  was  most  correctly  applied.  It  was 
strange  to  find  in  the  history  of  weaving,  both  in 
ancient  and  modern  times,  how  different  countries 
had  differed  with  regard  to  the  nature  of  the  labour 
applied  to  it.  In  all  Greek  illustrations  of  hand-loom 
weaving  found  on  pottery  and  elsewhere,  and  in  all 
reference  to  it  in  Greek  and  Latin  writers,  it  is  always 
found  in  the  hands  of  females  ; in  India  he  never 
saw  a woman  weaving,  the  whole  work  being  done 
by  males,  whilst  on  Egyptian  monuments  both  men 
and  women  were  depicted  as  weaving.  What  was 
the  reason  of  this  he  knew  not,  but  there  was  sure 
to  be  some  interesting  explanation,  if  anyone  would 
follow  it  out.  The  work  had  been  so  far  extended 
throughout  Great  Britain  and  Ireland  that  it  really 
seemed  worth  considering  whether  the  time  had  not 
arrived  to  have  an  exhibition  in  London  of  these  local 
industries.  It  was  evident  that  the  work  was  strongly 
supported  by  the  County  Councils,  and  also  by 
the  gentry  and  aristocracy  throughout  the  country, 
and  from  his  experience  of  the  way  in  which  exhibi- 
tions were  got  up,  he  thought  there  would  be  little 
difficulty  in  obtaining  support  for  such  an  exhibition, 
which  would  prove  very  attractive  and  do  great  good 
in  the  way  of  advertising.  He  did  not  quite  sym- 
pathise with  the  idea  of  lady  travellers,  because  it 
was  quite  bad  enough  to  deal  with  sentiment  as 
between  man  and  man,  and  if  ladies  were  introduced 
into  relationships  of  that  kind,  he  feared  a great  deal 
of  distraction  w'ould  result,  and  possibly  some  de- 
moralisation in  the  commercial  sense.  Women  were 
so  enthusiastic  that  when  once  they  took  up  a thing, 
their  advocacy  knew  no  bounds.  He  feared,  there- 
fore, that  the  introduction  of  lady  travellers  w'ould 
only  hasten  our  progress  in  an  undesirable  direction. 
The  proposal  for  practical  School  Board  teaching 
seemed  a very  sound  one,  and  he  was  glad  to  know 
that  more  and  more  attention  was  being  given  to 
it.  .Some  time  ago,  when  at  Brighton,  he  was  talking 
to  a fisherman  on  the  beach,  who  told  him  that 
fishing  would  soon  die  out  altogether,  for  the  boys 
were  all  being  taught  their  ABC,  and  they  became 
quite  unfit  for  fishing  or  any  hard  work.  He  said 
there  were  plenty  of  them  along  the  terraces 
above,  looking  down  on  their  fathers,  and  thinking 
what  fools  they  were  to  work  so  hard.  It  was 
high  time  to  alter  that  kind  of  thing,  and  give  the 
children  of  the  industrial  classes  a more  practical 
education.  He  begged  leave  to  propose  a hearty  vote 
of  thanks  to  Miss  Clive-Bayley. 

The  vote  of  thanks  having  been  carried, 

Miss  Clive-Bayley  said  she  thought  lady  com- 


mercial travellers  would  have  a great  deal  to  learn 
from  the  men  as  to  the  way  of  pushing  their  wares. 
She  was  talking  to  an  Irishman  the  other  day, 
who  showed  her  specimens  of  what  he  called  hand- 
loom  work,  but,  on  being  pressed,  said  first  they  were 
as  much  hand-made  as  possible,  and  finally  admitted 
that  they  were  not  hand-made  at  all.  In  another 
case  a traveller  brought  her  some  things  which  he 
wanted  her  to  exhibit  for  sale,  which  he  said  were 
hand-made  by  English  ladies,  but  had  to  admit  that 
they  were  made  in  France,  by  machine,  and  were  not 
pure  silk,  as  they  were  represented,  but  only  of  what 
passed  in  the  trade  as  pure  silk.  She  did  not  think 
any  lady  would  have  gone  as  far  as  that. 

Mr.  J.  W.  Lovibond  said  he  should  like  to  thank 
Miss  Bayley  for  her  paper,  and  also  to  ask  her  if  she 
could  give  any  suggestions  with  regard  to  the  starting 
of  these  industries  in  villages,  especially  in  the  way  of 
finding  a market  for  the  goods.  He  referred  more 
especially  to  woollen  goods,  not  the  fancy  goods 
which  were  principally  shown  that  evening.  One  of 
the  conditions  of  starting  such  an  industry,  he  under- 
stood, was  that  the  work-people  were  paid  so  much 
per  lb.  for  all  the  wool  they  spun,  and  that  involved 
someone  finding  capital  to  start  with,  and,  of  course, 
it  was  very  important  to  get  substantial  returns  as 
soon  as  possible.  There  w'as  an  interesting  experi- 
ment going  on,  as  an  offshoot  from  the  Winterslow 
industry,  to  see  if  the  villagers  could  be  got  to 
clothe  themseves  and  the  farmers  in  their  district, 
the  basis  being  that  instead  of  the  whole  of  the 
funds  to  pay  for  the  spinning  being  provided, 
only  half  was  to  be  paid  in  cash,  the  other  half  being 
taken  out  in  clothing.  If  this  were  successful  it  would 
lessen  the  difficulty  of  finding  a market,  and  would 
help  to  find  employment  for  the  women  and  girls. 
He  had  watched  the  Winterslow  industry  from  its 
commencement,  and  knew  how  much  labour,  energy, 
self-denial,  and  application  had  been  thrown  into  it 
to  make  it  the  success  wdiich  it  was.  Formerly  it 
was  one  of  the  hardest  villages  in  Wiltshire,  and  he 
knew  personally  how  much  the  condition  of  things 
had  been  ameliorated,  and  what  comfort  had  been 
brought  into  many  a cottage. 

Mr.  Thomas  Bolton  asked  if  Miss  Bayley  could 
give  any  idea  of  the  cost  of  establishing  one  of  these 
industries  ; for  example  the  cost  of  the  machine,  the 
probable  cost  of  tuition,  and  the  outlay  necessary  for 
material  to  make  a start.  There  was  no  doubt  that 
people  in  villages  did  waste  their  time  terribly  in 
frivolous  ways,  but  if  anything  in  the  nature  of  re- 
munerative employment  were  offered  them  many  of 
them  would  be  disposed  to  embrace  the  opportunity. 
One  of  the  most  deplorable  things  in  agricultural 
England  was  the  way  in  which  the  small  industries  had 
gone  out  of  existence.  Even  twenty  years  ago,  in  a 
district  with  which  he  was  pretty  well  acquainted,  he 
could  not  let  a cottage  unless  it  had  a good  brick  oven 
in  which  the  bread  could  be  baked.  Now  such  a thing 
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was  not  wanted.  Bakers  travelled  the  country  selling 
an  inferior  and  much  less  nutritious  article,  and  the 
brick  oven  had  ceased  to  exist.  Again,  there  used  to 
he  rope  walks,  where  good  useful  roj)es  were  made 
for  the  wants  of  the  neighbourhood,  now  nothing  of 
the  kind  existed,  and  many  similar  illustrations  might 
be  given.  The  question  of  the  market  was  a difhcult 
one,  but  he  believed  that  if  a good  article  were  pro- 
duced sooner  or  later  it  would  find  a market.  The 
great  complaint  now  was  of  shoddy  articles,  and 
ini-xcd  articles,  not  up  to  sample.  The  tendency  was, 
when  a man  had  established  a trade,  to  reduce  the 
quality  in  order  to  make  more  profit.  Hand  work 
could  never  hope  to  comiiete  with  the  great  machine 
industries  of  the  country,  but  all  events  a good  deal 
of  employment  might  be  provided  for  cottagers,  and 
that,  of  itself,  would  be  an  immense  advantage. 

^Ir.  Barry  thought  there  would  be  very  great 
difficulties  in  doing  much  of  a home  trade,  owing  to 
there  being  so  much  competition,  but  suggested  that 
with  the  help  of  the  Imperial  Institute  a good  trade 
might  be  opened  up  with  the  colonies.  It  might  be 
imagined  that  in  that  case  the  exporters  would  have 
a long  time  to  wait  for  their  money,  but  that  was  not 
so,  because  when  orders  ^or  indents  were  sent  from 
the  colonies,  the  shipping  houses  in  the  city  would 
make  advances  on  the  goods  as  soon  as  shipped,  to 
the  extent  of  something  like  90  per  cent,  of  the 
invoice  price. 

Mr.  S.  S.  Bromhead  said  it  appeared  to  him  that 
this  was  a gigantic  undertaking,  which  it  would  be 
very  difficult  for  pri^•ate  enterjwise  to  grapple  with. 
Capital  was  required  to  provide  the  looms  and  wheels, 
purchase  material,  and  pay  wages,  and  he  would  sug- 
gest that  it  might  be  dealt  with  by  the  agency  of  the 
Poor-law,  if  necessary,  additional  power  being  given 
by  Parliament.  Boys  in  workhouses  were  now  taught 
shoemaking  and  carpentering,  and  girls  laundry  work, 
and  so  on,  and  he  thought  the  Guardians  might  ex- 
tend their  operations,  and  advance  capital  to  the  rate- 
payers for  the  purpose  of  establishing  cottage  indus- 
tries ; whilst  by  the  machinery  of  the  department 
they  would  be  in  a position  to  know  where  the  pro- 
duct could  be  disposed  of.  .Mr.  Barry  had  drawn 
rather  a fancy  picture  of  the  facility  with  which  goods 
could  be  exported  to  the  colonies,  and  large  advances 
obtained  upon  them.  From  what  he  knew  of  that 
kind  of  business,  he  should  say  that  considerable 
expense  had  first  to  be  gone  to  in  sending  out 
samples,  sometimes  without  any  result,  and,  at  any 
rate,  it  would  be  six  months  before  orders  would  be 
received.  Exporters  to  the  colonies  w’ere  constantly 
being  undersold,  and  in  this  case  they  would  have  to 
meet  the  competition  of  both  English  and  foreign 
machine-made  goods  at  lower  prices. 

Miss  Clive-Bayley,  in  reply,  said  she  had  already 
mentioned  in  connection  with  the  Winterslow  indus- 
try that  she  did  not  wish  to  urge  any  further  manu- 


facture of  similar  woollen  goods  at  present,  lest  the 
market  should  be  overstocked.  But  she  had  noticed 
in  passing  the  stores  of  the  Scottish  Industries  that 
bales  were  continually  going  to  America,  Africa,  and 
Hong  Kong,  and  on  imiuiry  she  was  informed  that 
a large  colonial  trade  was  being  developed,  but 
.she  had  no  figures  to  show  the  extent  which 
it  had  reached.  There  was  no  doubt  that  these 
hand-made  goods  were  largely  used.  East  year,  if 
she  had  had  hands  enough  to  carry  out  the  work, 
she  could  have  had  a large  busine.ss  in  a cloth, 
such  as  was  used  in  .South  Africa.  .She  could  have 
disposed  of  thousands  of  yards,  but,  not  having 
hands,  she  lost  the  opportunity,  and  then  the  diffi- 
culty was  to  find  a market.  That  was  partly  why 
she  suggested  lady  travellers,  because  whenever  yrni 
had  a new  industry,  you  wanted  a market.  In 
starting  a new  branch,  she  generally  made  it  a point 
that  something  should  be  taken  up  different  from 
what  w'as  produced  in  other  villages,  so  that  there 
might  not  be  a glut  of  one  kind  of  work.  At  the 
present  moment  she  had  orders  for  aluminium 
cloth  quite  beyond  her  power  to  cairy  out,  because 
no  one  else  had  the  aluminium  thread  which  she 
had,  and  w’hich  was  much  admired.  .She  was 
also  told  that  there  would  be  no  difficulty  in 
finding  a market  for  certain  small  braids,  which 
were  at  juesent  only  made  in  I’aris,  which  were 
very  fashionable  for  ladies’  dresses.  She  had  two 
ladies  who  did  nothing  but  braid  w^ork.  .Some  people 
gave  away  their  w’ork  at  first  in  order  to  advertise  it, 
and  generally  ended  by  making  a good  market.  Any 
new  industry  in  the  way  of  w’orkers  ought  to  be  in  the 
finer  qualities.  She  had  been  asked  to  supply  vicuna 
cloth,  but  had  not  done  so,  not  having  the  necessary 
capital  to  get  the  material.  To  a private  individual 
the  question  of  capital  was  the  great  difficulty,  and 
one  had  to  go  cautiously.  The  most  practical  way 
she  could  suggest  for  finding  a market,  was  to  take 
a shop  or  a window'  in  Bond-street,  but  seeing  that 
the  rent  of  a ground  floor  was  about  a year,  that 

meant  a large  capital.  Still,  she  had  no  doubt  it 
w'ould  pay.  The  expense  of  starting  an  industry 
depended  on  how'  it  W'as  done.  The  cost  of  a 
small  loom  was  ^^3  los.,  and  a wheel  25s. 
The  material  she  bought  wholesale,  and  sold  as 
nearly  wholesale  as  possible,  simply  to  cover  expense  . 
Quite  recently  she  lost  a good  offer  from  a shipping 
agent,  w'ho  wanted  her  to  make  tabarets,  such  as  were 
made  in  North  Italy,  because  she  hatl  not  hands  enough 
to  carry  it  out  ; this  would  have  found  work  for 
forty  ladies  if  .she  could  have  got  them.  ^^40  or  /'50 
ought  to  cover  the  cost  of  starling  a village  industry, 
teaching  thirty  or  forty  persons,  apart  from  the  ques- 
tion of  rent.  The  other  day  she  was  asked  to  take 
up  an  Irish  industry,  which  had  fallen  through  owing 
to  the  truck  system,  and  was  told  that  ^^400  or  Lyxt 
would  make  a very  thriving  industry  of  it.  P'or  a silk 
factory  some  ^2,000  w'ould  be  wanted,  but  with  good 
business  management  it  ought  to  pay  well.  Some  of 
the  earlier  experiments  cost  more  than  they  would 
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now,  because,  for  one  thing,  she  had  gained  know- 
ledge and  experience,  and  was  able  to  purchase 
materials  much  cheaper  than  b efore. 


Miscellaneous. 


DAIRY  FARMS  IN  THE  NORTH  OF 
FRANCE. 

Dairy  farming  in  the  North  of  France — one  of  the 
chief  agricultural  industries — is  still  in  its  infancy 
when  compared  with  the  same  industry  in  other 
countries  of  Europe.  Some  large  dairy  farms  on  the 
modern  system  are  now  being  started  at  Roubaix. 
The  usual  system  in  vogue  is  as  follows  : — A dairy- 
man arranges  with  several  small  farmers  to  take  all 
of  his  milk  at  stated  times  and  at  fixed  prices.  These 
farmers  have  cooling  rooms  where  the  millc  is  put  in 
shallow  pans,  and  the  cream  allowed  to  set.  The 
churning  is  done  in  a wooden  churn  shaped  like  a 
low  washtub.  The  butter  is  put  on  stone  slabs  to 
set.  The  milk  left  from  churning  is  sold  to  milkmen, 
who  derive  a good  profit  from  its  sale,  as  the  in- 
habitants of  the  north  boil  this  milk  with  rice  and 
chopped  apples,  and  use  the  mixture  as  an  article  of 
food ; it  is  considered  healthful.  In  the  winter  the 
milk  from  churning  is  often  given  to  the  cattle.  In 
summer  the  cattle  feed  on  grass,  clover,  hay,  and 
green  Indian  corn ; in  winter  they  are  fed  on  beet- 
roots and  tops,  potatoes,  refuse  of  sugar  mills  and 
distilleries,  and  a large  quantity  of  cotton  seed  and 
linseed  cake  ; the  windmill  oil  cake  being  the  most 
in  demand  on  account  of  its  large  percentage  of  oil. 
The  United  States  commercial  agent  at  Roubaix 
says  that  the  linseed  cake  made  in  France  for  feeding 
purposes  must  contain  9 per  cent,  of  oleoginous 
matter,  and  from  20  to  25  per  cent,  of  albuminous 
matter.  As  a rule  cow-houses  are  lofty,  well-aired, 
and  clean,  and  are  always  whitewashed  and  tarred. 
They  are  usually  of  brick  and  stone  and  with  thatched 
roof.  The  average  price  of  milk  is  two  pence  per 
litre,  the  litre  being  equivalent  to  176  imperial  pint  ; 
the  quality,  however,  is  not  rich  on  account  of  the 
meagre  pasturage.  Butter  is  sold  at  about  is.  3d.  a 
pound,  and  is  sold  to  the  retail  trade  in  parts  of 
one-half  pound,  one  pound,  and  two  pounds. 
Farmers  usually  send  their  butter  to  market  in  blocks 
of  40,  60,  and  sometimes  80  pounds,  selling  whatever 
quantity  may  be  demanded.  Pure  butter  is  rare,  as 
oleomargarine  is  largely  used.  In  one  department 
there  is  a factory  which  carries  on  business  on  so  large 
a scale  that  it  has  its  own  railway  trucks  to  deliver 
the  margarine  in  all  the  principal  towns  in  France. 
It  is  stated  that  margarine  is  manufactured  in  Paris 
at  the  rate  of  33,000  pounds  a day.  The  margarine 
is  distributed  between  Holland,  England,  Normandy, 
and  Brittany.  In  the  last  two  localities  it  is  mixed 
with  the  butter  of  the  country.  The  highest  class 
butter  in  France  is  made  in  Isigny,  Bayeux,  and 
Gournay. 


Correspondence. 

♦ 

ANCIENT  AND  MODERN  INK. 

The  woid  ink  is  derived  through  the  Old  Frencj 
enque,  and  Latin  “ encaustum  ” [“  encaustum  ” hi 
came  the  Italian  inchiostro\  from  the  Greek  hikausto 
“ burnt  in,”  “ painted  in  encaustic  ” ; and  it  refers  I 
the  practice  of  the  earlier  Greek  artists  of  applyin 
their  colours  with  wax,  in  order  that  when  heated  the 
might  be  more  deeply  absorbed  by  the  surface  o 
which  they  were  spread ; and  long  after  the  Gree 
and  Roman  artists  learned  to  paint  with  flui 
[watery,  gummy,  mucilagenous,  &c.]  colours,  th 
latter  were  still  called  “ encausta,”  as  in  the  case  ( 
the  “ encaustum  sacrum,”  or  red  ink  used  for  th 
signature  of  the  Byzantine  Caesars  ; the  use  of  whic 
by  others  was  punished  by  death  [cf:  “the  Vermillio 
pencil  ” of  the  Emperors  of  China]. 

The  thing  ink— the  fluid  vehicle,  of  varying  con- 
position  and  colour,  of  writing,  as  the  art  is  practise' 
by  us — was  originally  the  “ black  ” substance  know 
to  the  Greeks  by  the  names  of  melan  and  tnelanterm 
— mela?tudocheiun  being  their  name  for  “inkstand,’ 
and  known  to  the  Romans  by  the  name  of  “atra 
mentum,” — “ atramentarium  ” being  their  name  fo 
inkstand.  But  just  as  the  name  of  the  waxy  encausU 
passed  on,  in  the  forms  of  enque,  and  “ink,”  an( 
encre,  &c.,  to  the  fluid  vehicles  of  writing,  so  the  nanv 
of  “ atramentum,”  or  the  “ black-(.?menstruum),’ 
came  in  Rome  to  be  gradually  given  to  any  “ atra 
mental,”  i.e.,  “ ink-like  ” fluid,  such  as  “ liquo: 
ruber”  and  “liquor  viridis,”  fit  for  writing,— 
“scribendo  aptus;”  and  similarly  in  modern  Greece 
melan  and  melariteria  may  be  any  ink  of  the  brilliani 
aniline  series,  as  well  as  the  best  black. 

Pliny,  Book  ix.,  chap.  45  (29),  says  that  the  cuttle- 
fish [“sepia”],  when  chased,  discharges  “ attramen- 
turn,”  the  black  natural  fluid,  long  erroneously 
supposed  to  be  the  source  of  “ Indian  \i.e.,  Chinese^| 
Ink.”  In  Book  xxxii.,  chap.  52  (10),  he  says  that 
“atramentum  sepise  ” is  of  such  blackness  that  it 
burnt  in  a lamp  the  persons  present  look  black  ! In 
Book  XXXV.,  chap.  25(6),  he  again  says  that  the  sepia 
has  a wonderful  property  of  secreting  “ atramentum,” 
but  adds  that  from  this  no  colour  is  prepared.  It  is 
in  this  place  that  he  enumerates  the  seven  kinds  of 
atrament  known  to  him,  in  addition  to  “ atramentum 
sutoriurn,”  or  shoe-black,  to  be  noted  later  on,  viz. : 
(1)  “bone  black,”  apparently  infected  with  sulphate 
of  copper;  (2)  “lamp  black,”  or  “smoke  black,” 
obtained  from  the  burning  of  pitch  or  resin,  or  best 
of  all,  of  the  torch  pine  [“taeda,”  Finns  Mugho]', 
(3)  calcined  vine  lees,  i.e.,  “ charcoal,”  used  by  Polyg- 
notus  and  Micon  under  the  name  of  trigynon  ; {4) 
“ ivory  black,”  invented  by  Apelles  under  the  name 
oi  elephantinon-,  (5)  “Indicum,”  here,  apparently, 
not  “ indigo,”  but  “ Indian  Ink  ” ; (6)  an  atra- 
mantum  from  the  inflorescence  which  forms  on 
brazen  dust-pans,  i.e.,  “ smoke  black,”  with  pos- 
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sibly  an  admixture  of  sulphate  of  copper  ; and  (7) 
sepia.  Pliny  adds  that  every  kind  of  atrament 
is  completed  by  exposure  to  the  sun  ; that 
for  wilting,  “ atramentum  librarium,”  “ having  an 
admixture  of  gum,”  and  that  for  plastering,  “ atra- 
mentum tectorium,”  “ an  admixture  of  glue.”  In 
Book  xxiv.,  chap  i,  he  says  that  “ atramentum,” 
and  he  here  evidently  means  “ a : librarium,”  is  most 
easily  removed  with  water ; a passage  which  tends  to 
)>rove  that  the  ordinary  “ ink  ” of  the  Romans  con- 
tained neither  salts  of  iron,  nor  galls,  nor  other 
mordant,  but  was  simply  an  admixture  of  bone 
black,”  or  “ ivory  black,”  with  some  watery  or 
gummy  or  mucilaginous  fluid. 

Identically,  the  ink  of  Dioscorides,  Petd  Melanos^ 
is  composed  of  three  parts  of  “ lamp  black  ” and  one 
part  of  gum,  dissolved  in  water.  This  was  probably 
the  earliest  known  receipt  for  black  “ink;  ” and  it 
possibly  goes  back  to  the  most  ancient  times.  Its 
discovery  is  attributed  to  the  Chinese,  but  the 
Egyptians  also  knew  it,  and  before  them,  and  may 
have  transmitted  it  to  them  through  the  Chaldmans. 
In  “ the  Book  of  the  Prophet  Jeremiah,”  xxxv.  18, 
Baruch  is  described  as  writing  down  Jeremiah’s 
prophecy  against  Israel  “with  ink  in  the  book.” 
In  “ the  Book  of  the  Prophet  Ezekiel,”  ix.  2,  one 
I of  the  men  seen  “in  vision”  by  the  prophet  is 
, described  as  “ clothed  in  linen  with  a writer’s  inkhom 
by  his  side,”  i.e.,  hanging  from,  or  stuck  in,  his 
girdle,  just  as  the  inkhom  is  carried  in  India,  and 
: throughout  the  East,  the  morning  lands  of  light  and 
civilisation,  to  this  day.  Then,  from  the  “ Book  of 
Xumbers”  we  find  that  the  ink  of  the  ancient 
Hebrews  was  soluble  in  water,  for  it  is  there  (v.  23) 
stated  that  a woman,  under  ordeal  for  suspected  in- 
idelity,  was  made  to  gulp  down  certain  curses,  by  first 
writing  them  down  in  a book,  and  then  dissolving 
Ithem  out  with  water,  mixed  with  dust  from  the  floor 
)f  the  tabernacle,  and  giving  her  to  drink  of  this 
‘ bitter  draught  ” of  “ the  water  of  jealousy.” 

Again,  throughout  India  the  best  ink,  used  for 
writing  on  palm  leaves  and  on  paper,  is  made  of 
iqual  parts  of  lamp  black  and  gum  arabic,  dissolved 
[U  the  juice  of  the  aloe  leaf  and  dried  in  the  sun. 
After  it  is  dried,  a portion  is  dissolved  in  water 
iis  wanted.  “ Indian  Ink,”  that  is,  Chinese  stick  ink, 
dmilarly  made,  like  the  best  Roman  “ atramentum,”  is 
I rom  the  “smoke  black  ” of  burning  pine  branches.  It 
Is  scented  with  musk,  and,  as  described  in  the 
^Builder,  and  stamped  with  the  “dragon  pattern,” 
rthich  is  silvered  or  gilded. 

j But  it  is  evident  that  the  ancients,  or  at  least  the 
Romans,  also  knew  of  a mordant  atramentum. 
Hiny,  in  Book  xxxv.,  ch.  25  (6),  already  quoted, 
distinctly  says,  atramentum  dissolved  in  vinegar  is 
lot  easily  washed  out  with  water  : — “ Quod  autem 
iceto  liquefactum  est,  aegre  eluitur.”  Again,  Book 
5xiv.  ch.  26  (ii),  the  test  he  gives  for  detecting 
iulphate  of  iron  in  sulphate  of  copper,  proves  that  he 
mew  a mordant  atramentum  that  could  be  used  for 
A’riting-ink,  and  on  paper  : — “The  fraud  may  also  be 


detected  by  using  a leaf  of  ])a{)er  [“papyrus”]  that 
has  been  steej)ed  in  an  infusion  of  nut-galls,  for  it 
becomes  black  immediately  on  the  genuine  verdigris 
being  applied”: — “Xigrcscit  cnim  statim  aerugine 
illita.”  In  this  context  should  also  be  read  the 
account  given  in  the  same  Book,  chapter  28  (12),  of 
the  preparation  of  “shoe  black,”  “atramentum 
sutorium.” 

The  etymology  of  the  w'ord  palimpsest,  meaning  a 
manuscript  which  has  been  twice  written  on,  that  is  a 
second  time  over  the  first  writing,  or  after  the  first  has 
been  removed.  The  word  is  made  uj)  oipdlin,  “again,” 
and  psestos,  “ scraped,”  and  refers,  originally,  to 
parchments,  Charta  Pergamca,  the  first  writing  on 
which  had  been  more  or  less  scraped  off  to  make  way 
for  a second  writing  thereon.  A soluble  ink  would 
have  been  washed  off,  and  the  operation  of  “ scrap- 
ing ” implies  the  use  of  an  indelible,  or  mordant  ink. 
In  fact,  you  cannot  write  on  parchment  comfortably, 
except  with  a “biting”  ink.  It  is  highly  probable, 
indeed,  that  mordant  inks  came  into  use  with  the 
invention  of  parchment,  in  the  second  century  before 
Christ. 

The  mediaeval  prescription  for  mordant  ink,  given 
by  Theophilus,  Book  i.,  chap.  40,  “ De  Incausto,” 
is  in  summary,  this: — “Cut  with  your  own  hand 
twigs  from  the  hawthorn  trees  in  April  or  May, 
before  they  put  forth  their  leaves  and  flowers, 
and  lay  them  by  in  the  shade  to  diy  some- 
what. Then  pound  off  all  the  bark  and  put 
the  same  into  casks  full  of  water,  and  let  them 
stand  for  eight  days,  until  the  water  absorb  all 
the  sap  of  the  bark.  Then  pour  out  the  water 
into  a pan  or  a cauldron,  and  boil  it  ; and  then 
throw  in  more  bark,  until  you  boil  all  the  sap  out 
of  it,  and  repeat  this  until  the  water  is  boiled  down 
to  a third  ; and  then  boil  this  until  it  grows  black, 
and  begins  to  thicken,  taking  care  to  add  no  more 
water.  Then  add  one-third  of  pure  wine,  and  put 
it  into  three  new  pans,  until  a skin  forms  on  the 
surface.  Then  place  the  pots  in  the  sun,  until  the 
black  ink  separates  itself  from  the  red  dregs.  After- 
wards, pour  the  pure  ink  into  small  bags  of  parch- 
ment, or  bladders,  and  hang  in  the  sun  until  all  is 
quite  dry.  And  when  dry,  take  as  much  as  you 
want,  and  mix  with  wine  over  a fire,  and  add  a little 
‘ atramentum  ’ [here  sulphate  of  iron],  and  write.” 

The  above  detailed  quotations,  illustrative  of  the 
ancient  history  of  writing-ink,  will,  I hope,  be  found 
to  add  to  the  practical  value  for  future  reference  of 
the  interesting  and  suggestive  article  in  the  Builder. 

George  Birdwood. 


General  Notes. 

♦ 

The  World’s  Coal  Prodlxtion. — An  interest- 
ing statement  has  recently  been  prepared  by  the 
E'rench  Ministry  of  I’ublic  Works  showing  the 
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quantities  of  coal  produced  in  tlie  principal  countries 
of  the  world.  The  following  particulars,  which  are 
inclusive  of  lignite,  have  been  taken  from  the  state- 
ment in  question,  and  refer  in  each  case  to  the  year 
1896,  unless  otherwise  stated  : — United  Kingdom, 
198,487,000  tons;  United  States,  168,957,000; 
Germany,  112,438,000;  France,  29,190,000;  French 
Colonial  Possessions,  137,000;  Austria,  28,112,000; 
Belgium,  21,252,000  ; Hungary(year  1895),  4,586,000  ; 
Russia  (1895),  9,009,000;  Australasia,  5,745,000; 
British  Possessions  in  Asia  (year  1895),  4,442,000; 
Japan  (1893),  3,329,000;  Central  and  South  America 
(1895),  992,000;  Spain,  1,923,000;  Portugal  (1892), 
18,000;  Italy  (1895),  3o5>ooo;  Sweden,  226,000,  and 
Greece,  14,300  tons. 


MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  Evening's,  at  8 o’clock  : — 

May  i[. — “Water  Gas  and  its  Applications.” 
By  Prof.  Vivian  B.  Lewes.  Corbet  Woodall, 
M.Inst.C.E.,  in  the  chair. 

May  i8. — “The  Evolution  of  the  Cycle.”  By 
J.  K.  Starley.  C.  V.  Boys,  F.R.S.,  will  preside. 


Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — 
May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.  (Member  of  the  Council  of  India). 
Henry  M.  Stanley,  M.P.,  Avill  preside. 

Foreign  and  Colonial  Section. 
Tuesday  afternoon,  at  4.30  o’clock: — 
hlAY  24. — “The  Goldfields  of  British  Columbia.” 
By  W.  Hamilton  Merritt.  Sir  Charles  Mal- 
colm Kennedy,  K.C.M.G.,  C.B.,  ^vill  preside. 

Applied  Art  Section. 

Tuesday  afternoon  at  4-30  o’clock 

May  10. — “The  Life-Work  of  William  Morris.” 
By  F.  S.  Ellis. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — ■ 

Prof.  Charles  A.  Cards  Wilson,  M.A., 
M.Inst.E.E.,  Professor  of  Electrical  En- 
gineering, McGill  University,  Montreal. 
“Electric  Traction.”  Four  Lectures. 

Lecture  II. — May  9. 

Acceleration — Conditions  under  which  a train  is 
started — Method  of  drawing  acceleration  curves — 
Uniform  and  variable  acceleration — Example — The 
City  and  South  London  Railway — Control — Com- 
parison of  different  methods — How  to  ensure  a smooth 


start  — The  series-parallel  controller  — Example , 

The  Liverpool  Overhead  Railway— Different  ways  of| 
handling  the  controller — Example — The  Buffalo  and. 
Niagara  Falls  Electric  Railway — Effect  of  the  slippingl 
of  the  driving-wheels. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  May  9 ...  SOCIETY  OF  ARTS,  John-street,, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof. 
Carus  Wilson,  “ Electric  Traction.”  (I.ecture  II. )| 

Royal  Institution,  Albcmarle-street,  AV.,  5 pm. 
General  Monthly  Meeting. 

Geographical,  University  of  London,  llurlington- 
gardens,  W.,  8J  p.m. 

Medical,  11,  Chandos-street,  AV.,  83  p.m.  General 
Aleeting. 

Tuesday,  May  10...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  AV.C.,  43  p.m.  (Applied  Art  Section. )| 
Mr.  F.  S.  Ellis,  “The  Life-AVork  of  AVilliam 
Morris.” 

Royal  Institution,  Albcmarle-street,  W.,  3 p.m. 
Dr.  S.  R.  Gardiner,  “ The  Historical  Development 
of  Europe.”  (Lecture  II.) 

Medical  and  Chirurgical,  20,  Hanover-square,  AV., 
83  p.m. 

Photographic,  5A,  Pall-mall  East,  8 p.m. 

Anthropological,  3,  Hanover-square,  AV.,  8J  p.m. 

Colonial  Inst.,  Whitehall-rooms,  Whitehall-place, 
S.W.,  8 p.m.  Major  A.  St.  H.  Gibbons, 

“ Marotscland,  and  the  Tribes  of  the  Upper 
Zambesi.” 

Asiatic,  22,  Albemarle-street,  AV.,  3 p.m.  Annual 
Meeting. 

Wednesday,  M.\y  ii... SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  Prof.  Vivian  B.  Lewes, 

“ AVater  Gas  and  its  Applications.” 

Ro}^al  Literary  Fund,  7,  Adelphi-terrace,  AV.C., 

3 P-m- 

United  Service  Institution,  AATiitehall,  S.W.,  3Jp.m. 
Rev.  J.  H.  S.  Moxley,  “A  New  Theory  of  the 
Tides.” 

Royal  Society  of  Literature,  20,  Hanover-square, 
W.,  I p.m. 

Thursday,  May  12. ..Royal,  Burlington-house,  W.,  4J  p.m. 

Antiquaries,  Burlington-house,  W.,  83  p.m. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 

“ Lord  Rayleigh,  “ Heat.”  (Lecture  I.) 

Electrical  Engineers  (at  the  House  of  the  Society 
OF  Arts),  8 p.m.  i.  “Prof.  J.  A.  Ewing,  “A 
Magnetic  Balance  for  AA^orkshop  Test  of  Permea- 
bility.” 2.  Mr.  A.  J.  Gibbings,  “The  Registration 
of  Small  Currents  used  for  Electric  Lighting  and 
other  purposes.” 

Mathematical,  22,  Albemarle-street,  W.,  8 p.m. 

Friday,  May  13. ..United  Service  Institution,  AVhitehali, 
S.AV.,  3 p.m.  Capt.  G.  Neal,  “ The  Evolution  of 
Volunteer  Position  Artillery  into  Auxiliary  Field 
Artillery.” 

Royal  Institution,  Albemarle-street,  W.,  8 pm. 
AVeekly  Meeting,  9 pm.  Prof.  AV.  A.  Tilden, 
“Recent  Experiments  on  Certain  of  the  Chemical 
Elements  in  Relation  to  Heat.” 

Astronomical,  Burlington-house,  W.,  3 p.m. 

Clinical,  20,  Hanover-square,  W.,  8|  p.m. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  W.,  5 p.m.  Prof.  W.  E.  Aj-rton  and  Mr.  T.  i 
Mather,  “Galvanometers.”  (Part  II.)  j 

Saturday,  May  14... Royal  Institution,  Albemarle-street,  j 
Sir  Walter  Parratt,  “ Programme  Music.”  (Lec- 
ture IV.) 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


Notices. 


CONFER  SA  ZIONE. . 

The  Society’s  Conversazione  will  take  place 
at  the  Natural  History  Museum,  Cromwell- 
road,  S.W.  (by  permission  of  the  Trustees  of 
the  British  Museum),  on  Wednesday,  22nd  June, 
The  reception  will  commence  at  9 p.m. 

The  following  portions  of  the  Museum  will 
be  open  : — On  the  Ground  Floor — the  Central 
Hall,  British  Saloon,  and  Bird  Gallery  ; on  the 
First  Floor— the  East  and  West  Corridors,  and 
the  Lecture  Room, 

Each  member  is  entitled  to  a card  for  him- 
self (which  will  not  be  transferable),  and  a 
card  for  a lady.  In  addition  to  this,  a limited 
number  of  tickets  will  be  sold  to  members  of 
the  Society,  or  to  persons  introduced  by  a mem- 
ber, at  the  price  of  5s.  each,  if  purchased  before 
the  date  of  the  Conversazione.  On  that  day 
the  price  will  be  raised  to  7s.  6d. 

These  tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (which  can  be 
obtained  from  the  Secretary)  or  a letter  of 
introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  claret 
cup,  &;c.)  will  be  supplied. 

Visitors  arriving  or  leaving  by  either  of  the 
Metropolitan  Railways  will  be  allowed  the  use 
of  the  District  Company’s  Subway,  which  leads 
from  the  South  Kensington  Railway  Station 
direct  into  the  grounds  of  the  Museum. 


CANTOR  LECTURES. 

Prof.  Charles  A.  Carus  Wilson,  M.A., 
M.Inst.E.E.,  delivered  the  second  lecture  of 
his  course  on  “ Electric  Traction,”  on  Monday 
evening,  9th  inst. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess 


APPLIED  ART  SECTION. 

Tuesday  afternoon.  May  10,  1898:  Dr, 

Richard  Garnett,  C.B.,  in  the  chair.  The 
paper  read  was  “ The  Life-Work  of  William 
Morris,”  by  F.  S.  Ellls. 

The  paper  was  illustrated  by  an  exhibition  of 
examples  of  Morris’s  skill  in  caligraphy  and 
illumination,  kindly  lent  by  Lady  Burne-Jones  ; 
the  Kelmscott  Press  publications,  by  Mr 
Emery  Walker  ; tapestries — one  of  the  “ Four 
Seasons,”  from  Morris’s  own  design,  by  the 
Science  and  Art  Department,  the  other  a re- 
production of  Sandro  Botticelli’s  “Prima- 
vera  ” from  the  Accademia  at  Florence,  by 
Messrs.  Morris  and  Co.  ; also  several  examples 
of  carpet  work,  numerous  hangings  of  woven 
stuffs  in  velvet,  silk,  and  cotton,  and  wall- 
papers, lent  by  Messrs.  Morris  anri  Co. 

The  paper  and  report  of  the  discussion  will 
be  published  in  a future  number  of  the  Journal. 


Proceedings  of  the  Society. 

♦ 

INDIAN  SECTION. 

Thursday,  April  28  ; Sir  David  M. 
Barbour,  K.C.S.L,  in  the  chair. 

The  Chairman,  in  introducing  Sir  Edward 
Sassoon,  said  they  were  met  to  hear  a paper  on 
the  currency  of  India.  No  words  were  necessar}-  to 
impress  on  the  audience  the  importance  of  the 
question,  both  as  affecting  India  and  the  United 
Kingdom,  and  they  were  especially  fortunate  in 
having  as  the  author  of  the  jiaper.  Sir  E.  Sassoon, 
whose  connection  with  India,  and  whose  knowledge 
of  the  conditions  of  production  and  trade  in  the 
country,  and  his  long  study  of  the  subject,  would 
make  his  opinion  of  great  value. 

The  paper  read  was — 

INDIA  AND  HER  CURRENCY. 
By  Sir  Edward  Sassoon,  Bart. 

My  first  duty  is  to  express  to  Sir  David 
Barbour  my  grateful  acknowledgments  for  the 
few  considerate  words  with  which  he  has  intro- 
duced my  name  to  this  select  audience ; and,  not 
less,  for  so  readily  acceding  to  our  request  to 
preside  over  our  proceedings  and  deliberations. 
He  has  filled,  with  conspicuous  abilitv,  the 
highest  financial  post  in  that  magnificent 
dependency  of  ours  ; he  has  since  added  to 
that  reputation  by  various  contributions  on 
matters  of  financial  moment,  and  can,  there- 
fore, sum  up  with  an  authority  and  influence 
second  to  none.  I do  not  know  whether,  when 
we  come  to  disperse,  we  shall  have  discovered 
the  philosopher’s  stone,  or  cd  the  Gordian 
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knot,  to  everyone’s  satisfaction,  but  we  shall 
perhaps  have  succeeded  in  casting  the  horo- 
scope of  the  probable  time  when  India’s 
financial  and  economic  state  of  suspended 
animation  will  cease.  The  Chairm^an  has  truly 
said  that  the  subject  in  hand  is  one  of  capital 
importance,  because  if  a country’s  best 
interests  depend  upon  the  steady  progress 
of  its  trade  and  commerce,  and  this  in 
turn  is  affected  by  the  soundness  of  the 
lines  upon  which  its  system  of  currency 
is  based,  then  India,  with  her  comparatively 
backward  and  poverty-stricken  people,  may  be 
said  to  hover  on  the  brink  of  what  may  con- 
ceivably prove  a formidable  crisis.  Her  com- 
mercial and  industrial  relations  with  the  United 
Kingdom  are  so  vast  and  varied,  the  trade  of 
the  two  countries  has  become  so  mutually  in- 
dispensable to  the  wage  earners  of  both 
nations,  and  a right  or  a mistaken  ordering 
of  her  money  has  such  a direct  and  all- 
important  bearing  on  the  uninterrupted  flow 
and  gradual  expansion  and  development  of 
these  trading  relations,  that  an  apology  seems 
scarcely  required  for  intruding  some  considera- 
tions in  regard  to  the  recent  currency  efforts 
of  her  Government  upon  the  attention  of  your 
Society.  Give  me  good  finance,  exclaimed  a 
celebrated  minister,  and  I undertake  to  give 
you  a good  policy. 

The  Indian  Government  still  adhere  to  their 
proposal  to  establish  a gold  standard,  and  they 
believe  that  in  the  immediate  future  they  will 
be  able  to  rely  on  the  effective  maintenance 
of  the  rate  of  is.  qd.,  modified  only  by  the 
variations  in  rate  due  to  the  bullion  points 
between  the  import  and  export  of  gold.  But 
whether,  after  a period  of  probation  lasting 
over  close  on  five  years,  we  are  within  a 
measurable  distance  of  the  goal  as  the 
authoritative  exponents  of  that  scheme  would 
fain  believe,  or  whether,  as  the  profane  sceptics 
allege,  we  are  no  nearer  the  Promised  Land, 
and  that  thus  the  sole  effect  of  the  contraction  of 
currency  has  been  to  bring  about  famine  values 
for  loanable  capital,  while  no  sort  of  confidence 
is  felt  in  present  rates  of  exchange,  are  ques- 
tions which  it  is  highly  important  to  examine 
into.  In  entering  into  a speculative  analysis 
of  the  chances  and  immediate  prospects  of 
that  scheme,  it  will  be  my  aim  to  maintain  a 
dispassionate  and  almost  a judicial  attitude, 
the  object  being  to  invite  discussion  and  to 
elicit  views  and  varying  phases  of  thought  on 
the  best  and  soundest  steps  to  be  adopted,  in 
order  to  solve  a problem  of  such  magnitude  and 
of  no  little  perplexity.  At  any  rate,  if  as  the 


result  of  the  interchange  of  views,  even  some  ' 
of  the  doubtful  points  which  have  foregathered  ■ 
round  this  crucial  situation  are  elucidated,  and  | 
as  a consequence  the  matter  is  by  so  much  j 
advanced,  our  meeting  here  will  not  have  been  1 
held  in  vain.  I have  closely  followed  and 
studied  the  course  of  the  economic  disturbance 
of  prices  since  the  severance  of  the  link 
between  the  two  metals  in  1873,  and  I give 
you  my  conviction  for  what  it  may  be  worth — ■ 
that  a system  of  international  bimetallism, 
with  due  safeguards,  and  based  upon  some  not 
unreasonable  ratio,  with  the  at  least  partial 
support  and  benevolent  countenance  of  this 
country,  seems  to  be  the  only  method  by  which 
the  maintenance  of  values  can  be  secured,  and, 
as  a consequence,  freedom  from  harassing 
financial  and  economic  unrest.  Since,  how- 
ever, a considerable  mass  of  banking  and 
other  authorities  scout  that  view,  and  as  the 
mention  of  that  word,  that  portentous  shibbo- 
leth— unlike  the  blessed  word  Mesopotamia — ■ 
provokes  imprecations  in  all  the  moods  and 
tenses,  and  acts  upon  some  of  the  mono- 
metallists rather  as  a red  rag  to  a bull,  I 
shall  discard  both  the  word  and  its  doctrines 
for  the  purposes  of  this  paper.  There  is 
though,  a direct,  not  an  unseverable  connec- 
tion between  the  two. 

Now  let  me  recall  briefly  the  history  of  the 
immediate  origin  of  the  causes  that  led  to  the 
closing  of  the  mints  in  India.  You  remember 
the  abortive  result  of  the  last  Conference 
held  in  Brussels  in  1892.  Its  dispersal 
was  regarded  as  a great  triumph  for  those 
who  consider  silver  unfitted  for  any  other 
than  the  humblest  functions  of  token  coinage. 
The  worshippers  at  the  shrine  of  a single  gold 
standard  exulted,  believing  that  their  oppo- 
nents’ views  had  received  their  final  quietus. 
The  failure  at  that  Conference  of  Mr.  Alfred  de 
Rothschild’s  proposals  for  a somewhat  extended 
use  of  silver,  a perfectly  harmless  experiment, 
was  unfortunate,  as  if  it  had  been  properly 
carried  into  effect,  it  would  have  proved  an 
excellent  object-lesson  as  to  the  possi- 
bility of  raising  the  gold  value  of  silver. 
But  the  failure  of  that  proposal,  coupled 
with  the  provision  of  further  hostile 
measures  in  the  direction  of  demoneti- 
zation, induced  a further  serious  fall  in  silver. 
The  Indian  Government,  getting  naturally 
alarmed  at  the  dead-set  made  against  the 
metal  to  which  they,  of  all  other  Governments, 
gave  the  unlimited  hospitality  of  their  mints — 
and  dreading  the  imminence  of  the  repeal  of 
the  Sherman  Act— a measure  which,  if  carrie 
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out,  threatened  to  displace  no  less  an  amount 
than  54,000,000  of  ounces  of  silver  per  annum 
i from  the  currency  systems  of  the  world — 
asked  the  India  Council  for  authority  to  close 
their  mints  to  private  coinage.  They  further 
suggested  that  the  suspension  of  coinage 
should  be  accompanied  by  the  promulgation 
of  a decree  declaring  their  willingness  to 
receive  gold,  and  to  give  rupees  in  exchange 
J at  the  rate  of  one  rupee  for  every  is.  6d.  in 
gold.  The  now  famous  Herschell  Committee 
was  appointed,  and  after  some  hesitation 
and  searching  of  hearts,  they  decided  to 
recommend  the  adoption  of  the  views  of  the 
Indian  Government  as  regards  mint-closing, 
afid  suggested  that  the  rate  of  is.  4d.  for  the 
exchange  of  rupees  into  gold  would  prove  a 
more  workable  figure. 

The  Secretary  of  State  for  India  followed  the 
advice  of  the  Herschell  Committee,  and  gave 
authority  to  the  Indian  Government  to  close  the 
mints  whenever  they  might  think  such  a step 
advisable.  To  the  great  surprise  of  most 
persons  interested,  the  Indian  Government 
proceeded,  without  any  delay  whatever,  to 
exercise  the  authority  thus  granted  to  them 
and  closed  the  mints  to  silver  for  private 
1 coinage,  though  we  now  know  that  Sir  David 
Barbour  did  not  personally  favour  the  policy  of 
I immediate  closing.  As  the  Indian  Govern- 
j ment  had  for  the  previous  twelve  years  been 
1 urging  on  the  Home  Government  the  great 
I importance  of  an  international  agreement 
* among  the  leading  nations  so  as  to  fix  a par  of 
exchange  between  silver  and  gold,  it  was  con- 
fidently relied  upon  that  the  Indian  Govern- 
ment would  have  then  availed  themselves  of 
the  opportunity  of  endeavouring  to  bring  about 
such  an  arrangement.  The  power  of  closing 
the  mints  gave  them  an  immense  leverage  in 
urging  France,  the  United  States,  Belgium, 
Holland,  &c.,  to  action,  as  if  the  Indian  mints 
were  once  closed  the  United  States  would 
practically  be  forced  to  suspend  their  purchases 
of  silver,  and  a stupendous  change  would  be 
produced  in  the  relative  use  of  silver  and  gold, 
thus  enormously  aggravating  the  existing 
monetary  difficulties. 

The  rate  of  exchange  ruling  at  the  time  was 
IS.  2^d.,  and  the  price  of  silver  was  in  the 
neighbourhood  of  38d.  the  oz.  At  one  bound 
this  declined  to  close  upon  3od.  But  the  gold 
value  of  the  rupee  jumped  up  to  is.3|d.  It,  how- 
ever, remained  there  but  a very  short  time,  and 
although  the  refusal  of  the  India  Council  to  sell 
its  drafts  at  anything  below  is.  3|d.  tended 
to  maintain  nominally  that  rate,  yet  transactions 


were  extremely  limited.  The  banks  and  mer- 
chants preferred  to  await  further  developments, 
and  showed  great  and  not  unreasonable  scepti- 
cism as  to  the  ability  of  the  Government  to 
make  the  necessary  sacrifice  involved  in  the 
abstention  from  the  sales  of  its  bills.  These 
presentiments  proved  only  too  well  founded, 
as  after  a short  interval  the  Council  found  it 
imprudent  to  keep  up  the  struggle.  A few  lacs 
of  rupees  were  tendered  for  at  rates  varying 
from  IS.  3^d.  down  to  is.  3d.,  and  so  on,  v/eek 
after  week  the  downward  tendency  went  on 
with  accelerated  speed  until,  after  rather  wide 
fluctuations,  the  rate  touched  the  abnormally 
low  figures  of  is.  o|d.,  about  a year  after  the 
decree.  An  illustration  of  the  frailty  of  human 
calculations  ! The  members  of  the  Herschell 
Committee  reckoned  without  their  host  in 
failing  to  believe  in  the  probability  of  a large 
upheaval  of  the  hoards  of  silver  money, 
which  actually  took  place.  Not  only  that,  but 
from  Zanzibar,  from  the  littoral  of  the  Red 
Sea,  the  Straits,  the  Malay  Peninsula,  came 
coined  rupees  for  the  purpose  of  being  ex- 
changed for  the  greatly  cheapened  metal 
of  which  the  rupees  are  composed.  The 
immediate  consequences  of  the  rupture  of 
the  link  between  silver  and  the  rupee  was 
shown  in  the  large  falling  off  in  exports  to 
silver-using  countries,  the  phenomenal  drop 
in  the  Mexican  dollar  as  measured  in  rupees, 
viz.,  from  225  rupees  bullion  parity  to  170  per 
every  100  Mexican  j dollars,  caused  b}'  the 
divergence  of  the  respective  bases  of  the  two 
standards,  thus  inflicting  enormous  losses  on 
those  having  to  make  remittances  from  China 
and  Japan,  who  had  disposed  of  their  mer- 
chandise, relying  on  the  previously  prevailing 
rate.  These  two  sets  of  occurrences,  the 
bringing  out  of  the  hoards  on  the  one  hand 
and  the  check  to  exports  both  to  silver  and  to 
gold-using  countries  on  the  other,  caused  a 
contraction  of  the  demand  for  rupees  to  pro- 
ceed lari  lassu  with  the  restriction  of  their 
supply.  Commerce  has,  in  well  - regulated 
countries,  a marvellous  power  of  adjusting 
itself  to  altered  circumstances,  and  in  the  case 
of  India,  we  see  this  fact  realised,  but  the  influ- 
ence of  the  contracted  currency  has,  with  a more 
active  course  of  trade,  caused  such  a stringency 
in  loanable  capital- — rates  in  the  open  Bazaar 
having  been  quoted  as  high  as  24  per  cent — that 
it  appears  to  baffle  all  the  efforts  hitherto  at- 
tempted by  the  Indian  Government  to  mitigate 
this  great  stumbling  block  to  the  progress  of 
commerce  and  industrial  enterprise. 

It  must  be  understood,  however,  that  I am 
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not  questioning  the  wisdom  of  the  new 
policy  as  a temporary  expedient  in  an 
emergenc}q  or  even  remotely  suggesting  that 
the  home  Government  should  have  over- 
ruled the^desire  strenuously  expressed  by  that 
of  India.  It  is  always  easier  to  judge  after 
the  event.  As  'practical  people,  we  have  to 
look  at  accomplished  facts  in  their  practical 
aspects  — to  endeavour  to  decide  for  our- 
selves^by  the  light  of  the  experience  of  the 
past  and  the  teaching  of  the  present  in  fore- 
casting the  future,  and  to  see  whether  the 
balance  of  argument  and  of  public  advantage 
points  to  the  desirability  of  the  scheme  being 
revoked  or  being  given  a fresh  period  of 
grace,  or  of  being  persevered  with  for  all 
human  time  at  all  costs  and  sacrifices  of 
India’s  best  interests.  Besides,  were  I inclined 
to]  condemn  the  policy,  I should  experience 
the  greatest  difficulty  in  rebutting  the  argu- 
ments of  the  Indian  Government,  who  foresaw 
the  perils  that  seemed  imminently  likely  to 
threaten  their  exchequer  (although  two  eminent 
authorities — Sir  Robert  Giffen  and  Mr.  Barr 
Robertson — dissent  from  the  justification  upon 
which  that  act  was  grounded),  I should  be  in  dire 
straits  to  solve  the  knotty  problems  of  the  ‘Gvhat 
would  have  been,”  whether  bimetallism  would 
have  been  adopted,  whether  the  Sherman  Law 
would  have  received  its  cou^  de  g/'dce,  whether 
Japan]  would  have  seen  fit  to  discard  silver  in 
pursuit  of  a fashionable  currency  policy, 
whether  the  mine-owners  of  Colorado  and 
Montana  would  have  seen  the  prudence  of 
curtailing  their  output  in  accordance  with  the 
altered]  fortunes  of  silver,  the  increasing 
capacity  of  the  natives  to  absorb  the  metal, 
&c.  Upon  exact  knowledge  of  these  and  many 
other  points  would  depend  the  pronouncement 
ex  cathed/’d  as  to  the  correctness  or  otherwise 
of  the  Indian  Government’s  forebodings  in 
1893.  The  above  is  a brief  summary  of  the 
salient  features  that  characterised  the  monetary 
affairs  of  India  up  to  the  time — the  momentous 
time — when  the  Wolcott  proposals  were  made 
to  our  Government.  This  was  a new  departure, 
the  full  and  cardinal  significance  of  which  will, 
in  due  course  of  events,  I believe,  not  fail 
to]  be  recognised.  Before,  however,  entering 
at  some  length  into  the  question  of  these 
overtures,  it  would,  perhaps,  be  more  in 
consonance  with  the  views  of  this  audience  that 
we  should  face  the  even  still  more  crucial 
question  as  to  whether  the  Governments  here 
and  in  India  have  given  more  proof  of  faith 
and  courage  than  of  foresight  and  prudence 
in  proclaiming  urbi  et  orbi  the  advent  of  the 


“ eve  of  success  ” of  their  policy,  and  how  far 
the  method  adopted  and  that  likely  in  the 
immediate  future  to  be  adopted,  have  in  them 
the  germs  of  a successful  result. 

Now  I start  with  the  assumption  that  were 
India  to  be  endowed  out  of  hand,  by  some 
miraculous  interposition  of  Providence,  with 
an  effective  gold  standard  with  silver  coins 
linked  to  it  at  the  ratio  tumbled  upon  by  the 
Herschell  Committee,  it  would  be  a boon  and 
a blessing  to  the  country  and  to  her  customers. 
In  the  absence  of  this  supernatural  agency, 
and  in  order  to  avoid  the  ruinous  derangement 
of  business,  the  dislocation  of  industry  in  all 
its  forms,  both  of  which  are  delicate  organisms 
requiring  to  be  nurtured  and  fostered  on 
freedom  from  harassing  uncertainties  and  on  an 
unstinted  automatic  currency,  I take  it  that 
the  following  four  propositions  are  of  elemental 
consequence  as  indispensable  for  the  fulfilment 
of  the  requisite  conditions  of  an  effective 
establishment  and  maintenance  of  a gold 
standard.  I put  them — with  the  exception  of 
the  first, which  seems  a self-evident  proposition 
■ — ^in  the  form  of  interrogatories,  because  I 
totally  lack  confidence  in  my  ability  to  answer 
for  their  reaching  any  practical  stage. 

1.  There  must  be  a certain  minimum  quantity 
of  gold  for  a Conversion  Fund. 

2 . Is  gold  likely  to  be  attracted  into  India  even 
to  this  small  extent  in  the  immediate  future  ? 

3.  Is  it  not  desirable  to  have  an  effective  con- 
current circulation  of  the  two  kinds  of  money? 

4.  Would  it  not  be  necessary  to  prohibit  the 
importation  of  the  silver  metal,  seeing  that  this 
uncoined  metal  is  being  used  as  barter  in  up- 
country  districts  ? 

With  regard  to  the  first  point.  Sir  David 
Barbour  calculated  that  an  amount  of 

1 5, 000, 000  of  gold  would  be  adequate  to 
begin  with  for  the  maintenance  of  a gold 
standard,  and  that  figure  appears  to  have 
been  based  on  the  view  that  the  active  rupee 
circulation  amounted  to  about  115  crores. 

The  second  point,  namely,  the  likelihood  of 
gold  being  drawn  to  India,  is  a matter  of  such 
uncertainty,  its  sudden  realisation  to  this  large 
extent  would  cause  such  a financial  earthquake 
in  every  monetary  centre  of  Europe  and  the 
world,  that  it  is  difficult  to  grasp  its  possibility, 
be  the  conditions  conducive  to  its  attraction 
and  accumulation  ever  so  favourable.  Per- 
sonally, I do  not  believe  much  gold  is  likely  to 
be  sent  out,  unless  the  Government  decree  their 
readiness  to  exchange  it  for  all  times  at  a fixed 
rate,  so  that  they  might  for  example  give 
IS  3|d.  for  a rupee.  Should  they  do  so,  and 
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! under  this  encouragement  large  sums  are  sent 
out,  the  risks  attendant  on  the  assumption  of 
such  vague,  yet  vast,  liabilities  need  only  to  be 
I mentioned  to  be  recognised.  They  may  be 
' called  on  to  produce  millions  of  gold  almost 
j at  a moment’s  notice. 

[ The  third  point,  as  to  concurrent  circulation 
' of  two  metals,  raises  a most  serious  issue. 
Here  we  should  have  to  battle  with  the  in- 
grained immemorial  propensity  of  the  Indian  to 
hoard  or  to  keep  gold  and  silver  coin  in  a 
dormant  state — a habit  which  100  years  of 
settled  British  rule  and  relative  prosperity 
have  not  succeeded  in  curing  him  of,  or 
even  the  native  princes  for  the  matter  of  that. 
A superior  officer  stationed  at  Hyderabad  was 
told  by  one  of  the  nobles,  who  stands  near  to 
the  gadee,  that  w'hen  demolishing  certain 
walls  a treasure  trove  full  of  gold  mohurs  w^as 
found,  whereupon  the  officer  promptly  inquired 
if  his  Highness  meant  to  make  a judicious 
investment  of  the  find.  “Not  if  I know  it,” 
was  the  unhesitating  rejoinder,  “ the  gold  will 
go  back  to  some  other  equally  secure  resting 
place,  because  once  money  sniffs  the  air  it  has 
an  uncomfortable  way  of  walking  away.”  In 
my  opinion  the  leopard  will  have  changed 
his  spots,  before  the  natives  will  be  got  to  see 
the  utter  folly  of  hiding  away  endless  masses 
of  capital  instead  of  employing  it  reproduc- 
tive!}’. It  is,  however,  hardly  an  eventuality 
to  be  reckoned  upon  in  the  declining  years  of 
this  century.  Then  there  is  another  dangerous 
yet  obscure  factor  to  be  taken  into  account, 
namely,  that  of  illicit  coinage  in  native  States 
and  neighbouring  hill  provinces,  so  difficult  of 
detection.  These  two  elements — hoarding  and 
illicit  coinage — will  naturally  be  the  disturb- 
ing quantities  which  must  ever  tend  to  baffle 
the  astutest  plans,  and  to  interfere  with  their 
success.  One  is  told  that  in  systems  of  cur- 
rency like,  for  instance,  that  of  Italy,  no  such 
concurrent  circulation  e.xists,  nor  in  most  pro- 
vincial towns  there  does  any  coin  circulate  at 
all  and  copper  takes  its  place.  Its  exchange 
fluctuates  also  considerably  in  consequence, 
and  I hardly  think  you  would  approve  of  any 
servile  imitation  of  such  systems  with  their 
serious  drawbacks. 

The  case  of  France  is  widely  different,  and 
I venture  to  think  Sir  James  Westland  made  a 
mistaken  comparison  in  his  despatch  of  Septem- 
ber 1 6th  last,  in  comparing  a wealthy  creditor 
country  with  a poor  and  debtor  country  like 
India.  The  position  of  France  enables  her  to 
keep  for  internal  trade  purposes  and  require- 
ments, such  side  by  side  circulation  of  gold 


and  silver,  with  the  result  that  her  standard  is 
workmanlike,  and  its  elasticity  causes  its  foreign 
exchange  to  move  w’ith  but  infinitesimal  fluc- 
tuations. Of  course,  a gold  standard  without  a 
gold  currency  seems  perfectly  conceivable, 
though  in  a backward  country  like  India,  the 
greater  the  rarity  of  the  coined  metal  rey.re- 
senting  the  measure  of  value,  the  greater  the 
zest  to  the  proneness  of  its  people  to  hoard 
gold,  whereas  such  concurrent  circulation 
would  enormously  obviate  the  risks  of  a ship- 
wreck of  the  new  policy. 

Now,  with  respect  to  the  fourth  proposition — 
prohibition  of  silver — the  experience  of  four  and 
a half  years  following  the  closing  of  the  mints, 
shows  that  despite  of  it  no  less  a sum  than 
32  crores  of  rupees  worth  of  silver  was  im- 
ported during  the  four  years  ending  March, 
1897.  The  total  net  imports  were  as  follows, 
from  March,  1893,  to  March,  1897  : — 

Silver  32,487,200  Rx. 

Ow’ing  to  the  large  amount  of  gold  exported 
in  the  year  1894-5,  the  net  imports  of  gold 
during  the  same  four  years  amounted  to  only 
Rx.  484,200. 

So  here  w’e  have  a very  large  amount  of  silver 
absorbed  by  the  country,  notwithstanding  the 
closing  of  the  mints,  and  the  imposition  of  a 5 
per  cent,  import  duty.  Its  phenomenal  cheap- 
ness is  alluring,  compared  to  the  time  when  a 
rupee  and  a similar  weight  of  silver  were  sy- 
nonymous, barring  seniorage ; the  Indian  is 
likely  to  continue  to  take  it  in  quantities  even 
larger  were  any  further  drop  in  its  gold  value 
to  ensue.  In  up-country  districts,  I understand 
that  the  bars  are  used  to  liquidate  a number 
of  transactions,  in  the  form  of  barter,  the 
Marwaree  money  lenders  usually  contriving 
to  get  the  turn  of  the  market  and  other 
pickings  besides,  when  the  ultimate  holder  of 
the  bars  comes  to  them  for  rupees.  Seeing 
the  rooted  fondness  of  the  people  for  silver, 
it  would  be  interesting  to  consider  whether, 
and  if  so  how  far,  the  virtually  free  influx 
of  the  metal  (save  for  the  duty)  is  capable 
of  retarding  the  establishment  of  the  new 
system  on  a durable  basis.  And  if  it  ope- 
rates in  that  sense,  whether  an  embargo, 
or  a stiff  duty  amounting  to  such,  or  a 
sliding  scale  varying  in  inverse  ratio  to  the 
movements  in  the  recorded  price  of  the  metal 
in  London  may  not  ultimately  have  to  be  re- 
sorted to.  An  arbitrary  decision  of  this  character 
would  certainly  prove  vexatious  to  the  last 
degree,  and  interfere  with  the  time-honoured 
and  traditional  usages  of  an  essentially  con- 
servative race.  It  may  also  constitute  a 
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political  danger  of  which  one  can  scarcely 
measure  the  grave  consequences.  Especially 
so  when  we  reflect  that  it  has  been  bruited 
about,  with  more  or  less  plausibility,  that  the 
effects  of  the  famine  were  immensely  enhanced 
by  a money  famine,  throwing  obstacles  in  the 
way  of  moving  of  grains  and  other  foodstuffs  ; 
that  it  has  been  dinned  into  the  minds  of  the 
natives  that  the  suspension  of  coinage  and 
consequent  debasement  of  silver  as  a standard 
was  a measure  distinctly  conceived  with  the 
object  of  saving  loss  to  the  highly-paid 
offlcial  classes.  The  mcral  is  not  difficult 
to  draw.  Such  tangible  grievances  sink 
deep  into  the  minds  of  the  untutored  and 
credulous  ryots  ; the  ruling  authorities  could 
not  safely  disregard  them,  or  render  them  more 
acute  by  a wholesale  decree  of  prohibition. 
Another  thing  to  be  kept  in  view  is  that  such 
an  extreme  step,  by  still  further  lowering  the 
gold  value  of  silver,  would  inevitably  intensify 
the  divergence  between  Indian  exchange  and 
that  of  silver  currency  countries,  and,  as  a 
direct  result,  cripple  the  nascent  Indian  indus- 
tries by  the  aid  of  which  so  many  hundreds  of 
thousands  eke  out  their  daily  existence.  I 
have  now  cursorily  glanced  at  the  practical 
bearings  of  the  propositions,  with  the  simulta- 
neous realisation  of  which  appear  to  be  linked 
the  interests  and  the  potentialities  of  a proxi- 
mate success  of  the  new  monetary  policy. 
Rupee  prices  had  begun  to  rise,  or,  in  other 
words,  silver  began  to  lose  somewhat  in  pur- 
chasing power,  the  index  number  of  the  prices 
of  Indian  exports  and  imports  in  1894  being 
as  high  as  108,  as  against  97  in  1892,  while 
the  very  high  rates  of  interest  have  caused 
a disturbance  of,  and  a failure  to  sustain  with 
tolerable  steadiness,  the  level  of  prices,  a 
circumstance  likely  to  inflict  injury  on  the 
prospects  of  production  in  view  of  the  uncer- 
tainty which  enshrouds  the  fate  of  the  country’s 
monetary  position.  Mr.  Yule,  the  chairman 
of  the  Bank  of  Calcutta,  mentioned  to  his 
shareholders  the  decision  come  to  by  several 
of  their  indigo  customers,  not  to  sow  any  more 
pending  the  crystallization  of  the  Government’s 
flnancial  policy.  If,  therefore,  diminished  ex- 
ports are  to  be  faced  in  addition  to  the  prospects 
of  the  precarious  fulfilment  of  those  conditions 
which  are  clearly  necessary  to  the  success, 
immediate  and  effective,  of  that  policy,  we  do 
not  see  how,  in  the  words  of  the  Indian 
Government,  “ the  expansion  and  contraction 
of  the  currency  will  be  left  to  the  natural  forces 
of  the  market,  that  is,  that  it  will  be  regulated 
automatically  by  the  inflow  and  outflow  of  gold.” 


One  of  the  gravest  economic  dangers  to 
India  which  would  attend  her  adoption  of 
any  form  or  system  of  a gold  standard,  is  one 
which  the  present  Government  of  India  seems  i 
to  undervalue,  namely,  the  advantage  which  1 
would  permanently  accrue  to  China  and  silver- 
using countries  generally,  in  every  branch  of 
their  industries,  as  regards  produce  or  manu- 
factured commodities,  which  would  compete 
with  India’s  produce  or  manufactures.  From 
what  appears  in  their  despatch  of  September 
1 6th  last,  it  is  evident  the  Government  of 
India  desire  a gold  standard  with  a rupee 
having  a gold  value  of  is.  qd.  Now,  consider 
from  the  practical  business  point  of  view,  the 
relative  effects  upon  India’s  industries  and 
China’s  industries.  Every  rupee  required  to 
to  pay  fixed  charges,  taxes,  and  wages  in 
India  would  cost  is.  qd.  in  gold.  In  China, 
where  silver  in  its  bullion  state  will  remain 
the  standard  of  value,  the  gold  price  of  a piece 
of  silver  of  the  weight  of  a rupee  will,  at  pre- 
sent prices,  be  lod.,  and  therefore,  speaking 
generally,  fixed  charges,  taxes,  and  wages  will 
cost  in  India  60  per  cent,  more  than  in  China. 
Is  it  necessary  to  do  more  than  state  the  case 
in  order  to  prove  the  serious  danger  to  India’s 
industries  and  export  trade,  which  such  a con- 
dition of  things  would  involve  when  made  per- 
manent by  India  going  on  a gold  standard  at 
IS.  qd.  per  rupee  ? 

It  may  be  answered  that  for  some  time 
China  has  had  an  advantage  to  nearly 
the  same  extent,  but  I would  remind  you 
that  trade  changes  slowly,  as  a rule,  and 
business  men  like  to  make  sure  of  their  ground, 
and  see  that  an  offered  advantage  is  likely  to 
be  permanent  before  they  operate.  Now,  in  the 
past  there  has  been  an  uncertainty  as  to  its 
continuance,  for  it  has  been  declared  again 
and  again  that  the  present  artificial  rupee 
system  in  India  is  a temporary  experiment,  and 
more  than  two  years  ago  the  Government,  by 
the  mouth  of  some  of  its  most  prominent  mem- 
bers, declared  that  the  Indian  mints  would  be 
reopened  if  some  other  nations  would  at  the 
same  time  remonetise  silver,  and  the  prospect 
of  that  consummation  has  till  recently  been 
considered  bright.  Besides,  during  a part  of 
the  time  since  the  Indian  mints  were  closed, 
we  have  had  the  Chinese  war  with  Japan,  with 
much  consequent  disturbance,  and  for  a time, 
also,  doubts  were  entertained  as  to  whether 
foreign  capital  investments  in  China  would 
be  welcomed,  and  if  they  would  be  fairly 
dealt  with.  These  were  all  good  reasons 
why  prudent  business  men  should  wait  before 
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I venturing^  to  take  advantag-e,  to  any  great 
I extent,  of  the  favourable  competitive  mone- 
j tary  conditions  which  obtain  in  China.  But, 

I notwithstanding  these  reasons,  considerable 
I industrial  developments  have  been  made  since 
I the  war  by  native  and  foreign  capitalists, 

I and  the  results,  in  every  case,  so  far  as  I 
have  heard,  have  been  most  satisfactory  and 
encouraging  to  the  investor. 

The  treaty  which  closed  the  war  secured  for 
foreigners  rights  which  were  before  unknown, 
and  opened  channels  for  investments  which 
were  previously  impossible  ; and  the  Chinese 
Government  are  adhering,  and,  as  well  as  can 
be  judged,  intend  to  adhere,  to  the  spirit  as 
well  as  the  letter  of  the  treaty,  and  give  every 
encouragement  to  foreign  capital  investments. 
It  should  be  specially  noted  also,  that  recent 
political  events  point  to  a more  rapid  Euro- 
peanisation of  that  vast  and  populous  territory 
than  appeared  possible  six  months  ago.  If 
India  goes  on  to  a gold  standard  at  is.  4d., 
instead  of  the  exchange  advantages  to  China 
being  the  result  of  a temporary  experiment 
which  might  at  any  moment  be  altered,  they 
will  become  permanent ; and  as  another  blow 
would  be  struck  at  silver,  it  is  practically 
certain  we  should  see  a further  fall  in  the  gold 
price  of  that  metal,  and,  therefore,  industrial 
India  would  be  handicapped  even  to  a greater 
extant  than  the  60  per  cent.  I have  already 
referred  to.  And  remember  that  such  an 
advantage  would  not  only  attach  to  everything 
consumed  or  used  in  China,  which  India  now 
supplies,  but  which  China  could  produce  or 
manufacture,  but  also  to  all  such  commodities 
outside  China — even  in  India  itself.  For  it  is 
certain  that  such  an  economic  benefit,  taken 
advantage  of  as  it  will  be  to  the  fullest  extent 
by  British,  German,  French,  Russian,  and 
American  capitalists,  when  they  see  its  per- 
manence assured,  will  not  only  enable  China  to 
supply  itself,  but  also  to  compete  successfully 
in  neutral  markets,  possibly  even  in  India.  I 
will  not  attempt  to  go  into  the  details  of  the 
various  branches  of  trade  which  may  be  thus 
affected,  but  the  great  tea  industry  of  India 
will  at  once  suggest  itself  to  you  as  having  its 
future  at  stake  in  this  matter,  and  the  Govern- 
ment of  India  may  contemplate  with  what 
equanimity  it  can  that  a further  heavy  blow 
would  be  struck  at  its  opium  revenue. 

What  position  will  the  Government  of  India 
be  in  to  discharge  its  external  gold  obligations 
if  the  general  export  trade  is  seriously  inter- 
fered with  ; how  will  they  get  their  land  taxes 
paid  by  the  handicapped  ryots  ; and  what  will 


be  the  general  condition  of  those  unfortunate 
ryots  who  are  doubtless  relying  upon  the  con- 
sideration of  their  benevolent  Government  ? 

Let  us  now  see  how  matters  stand  in  regard  to 
the  rejected  overtures  made  by  the  United  States 
and  France.  The  Indian  Government,  in  their 
dispatch  of  September  i6th  last,  left  a certain 
loophole  for  harking  back  to  them.  They  say, 
“ If,  however,  assurances  of  really  substantial 
co-operation  should  be  secured  from  other 
countries,  we  shall  be  glad  to  learn  their  exact 
nature,  and  we  shall  then  consider  whether  the 
promised  co-operation  changes  the  conditions 
of  the  problem,  or  adds  materially  to  the 
chances  of  success.” 

They  also  said,  and  it  is  to  be  supposed  they 
had  an  object  in  saying  it: — “We  presume 
that  a union  based  upon  a ratio  low  enough  to 
suit  our  interests  would  be  unacceptable  to 
France  and  the  United  States.”  (In  an  im- 
mediately preceding  sentence  the  despatch 
states  that  the  true  interests  of  India  demand 
that  the  ratio  should  not  differ  greatly  from 
IS.  qd.  the  rupee.) 

The  United  States  appear  by  no  means 
recalcitrant  to  the  idea  of  revising  the  terms 
forming  the  basis  of  their  negotiations,  nor  are 
they  wedded  to  the  old  ratio,  judging  from  the 
reception  accorded  to  the  declarations  made 
before  the  Senate  by  Senator  Wolcott,  wherein 
he  expressed  his  belief  in  the  weight  of  the 
objections  raised  by  the  Indian  Government, 
and  w'ent  so  far  as  to  suggest  the  parity  at  the 
ratio  of  20  to  i.  Then  the  French  Cabinet,  with 
its  powerful  Prime  Minister,  are  practically 
committed  to  the  endeavour  to  act  in  concert 
with  other  powers  to  bring  about  the  rehabili- 
tation of  silver  in  the  interest  of  their  pro- 
ductive industries.  It  may  here  be  men- 
tioned that  their  five-franc  pieces,  amount- 
ing to  the  colossal  figure  of  ;^90,ooo,ooo 
sterling  face  value,  are  only  worth  intrinsicallv 
;!^39,ooo,ooo  as  bullion,  and  at  present  are 
unavailable  for  any  but  domestic  purposes, 
whereas,  at  the  ratio  of  22  to  i (suggested  by 
India),  they  would  be  worth  ^(63,000,000,  and 
the  loss  of  recasting  them  into  coins  at  this  ratio 
would  be  more  than  counter-balanced  by  their 
being  rated  universally  at  their  bullion  value. 

We  may  now  touch  upon  the  position  of  this 
country  with  respect  to  the  Franco-American 
proposals  in  connection  with  the  re-opening  of 
the  Indian  mints. 

I.  We  were  asked  to  hold  one-fifth  of  our 
bullion  reserve  in  the  Bank  of  England  in  silver. 
The  Bank  Act  of  1844  has  expressly  provided 
for  it,  and  it  was  acted  upon  up  to  as  late  as 
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1870,  at  times  when  the  Bank  found  it  profitable, 
but  it  was  not  bound  to  hold  one-fifth,  though 
it  was  permitted  to  do  so. 

2.  We  were  asked  to  purchase  a certain 
quantity  of  silver  annually.  Very  many  people 
in  the  City  raised  the  strongest  objection  to 
this,  as  also  to  the  issue  of  20s.  notes  based 
on  silver,  and  to  the  withdrawal  of  the  half- 
sovereigns  (a  most  wasteful  coin),  and  sub- 
stituting for  them  los.  notes  based  on  silver, 
with  limited  legal  tender. 

Let  me  say,  however,  with  regard  to  the 
purchase  of  silver  part  of  the  proposals,  that 
there  is  a very  general  impression  that  this  was 
inserted  for  the  purpose  of  being  “bartered 
away”  in  the  negotiations,  and  with  this  view 
I am  inclined  to  agree.  At  the  same  timie, 
time,  considering  that  France  and  the  United 
States  were  proposing  to  open  their  mints  to 
the  full  and  unrestricted  coinage  of  silver,  with 
full  legal  tender  power,  it  would  not  be  un- 
reasonable to  ask  this  country  to  purchase  a 
limited  quantity  of  silver  if  only  as  a basis  for 
small  notes,  a course  for  which  the  high  authority 
of  Mr.  Goschen  might  be  quoted.  With  this 
reservation  one  feels  bound  to  confess  that  these 
proposals  taken  se,  made  to  a country 
which  holds  an  unrivalled  position  as  the 
money  centre  of  the  world,  seem  rather  start- 
ling. The  boldness  of  the  features  tones  down, 
however,  when  we  consider  that  we  carry  on 
gigantic  dealings  with  countries  interested  in 
silver,  that  British  investors  have  large  sums 
embarked  out  there,  and  above  all  that  the 
accumulated  wealth  of  our  largest  dependency 
consists  of  the  white  metal.  Really  it  is  not 
asking  too  much  to  propose  to  this  country  to 
make  a considerable  contribution  to  the  pro- 
motion of  a scheme  which,  without  in  the  least 
infringing  on  the  effectiveness  of  her  standard, 
would  benefit  all  these  interests  and  would 
fairly  be  carrying  out  the  spirit  of  the  two 
resolutions  unanimously  passed  by  the  House 
of  Commons  under  the  administration  of  both 
of  the  great  parties  in  the  State,  recognising 
the  injury  caused  by  the  instability  of  silver  to 
the  best  interests  of  this  country,  and  urging 
upon  the  Government  the  advisability  of  doing 
all  in  their  power  to  secure  a stable  par  of 
exchange  between  gold  and  silver.  How- 
ever that  may  be,  our  minds  must  now  be 
centred  on  the  course  to  be  pursued  by 
India,  which  by  some  irony  of  fortune 
sees  itself  the  arbiter  of  the  situation.  I ask 
whether  India  would  not  be  well  advised  to 
take  up  the  position  of  saying — that  having 
thrown  her  lot  on  the  is.  qd.  basis,  she  would 


\_Afay  13,  1898.  ■ 

if  the  French  and  American  mints  were  opened 
at  that  ratio,  agree  to  a scheme  based  upon 
the  reopening  of  her  mints  whenever  bar  silver  is| 
maintained  at  the  level  of  42-86  pence  per  oz. 
— the  IS.  qd.  parity.  This  is  what  Mr.  Courtney, 
a justly  recognised  authority,  suggested,  and 
without  wishing  to  play  the  part  of  a prophet, 
one  might  safely  speculate  on  the  absolute 
improbability,  humanly  speaking,  of  silver 
going  below  the  parity  to  be  fixed  by  the 
Union.  At  one  stroke  of  the  pen,  the  mone- 
tary equilibrium,  offering  immense  possibilities 
of  smoothness  and  stability  with  no  troublesome 
periods  of  transition,  would,  it  seems,  most 
likely  be  secured.  Of  course,  this  suggestion 
is  open  to  the  obvious  objection  that  pending 
the  issue  of  the  negotiations,  which  need  not 
be  prolonged  in  these  days  of  rapid  com- 
munication, business  would  be  unsettled : the 
reply  to  that  is,  that  it  is  so  already,  and  the 
unsettlement  in  India  takes  the  aggravated 
form  of  alternating  between  violent  exchange 
fluctuations,  and  ruinously  high  rates  for  money. 

Another  point  to  which  I would  advert 
— though  perhaps  not  strictly  relevant  to 
the  subject  - matter  in  hand,  it  goes  to 
the  root  of  the  perennial  troubles  which 
have  confronted  Indian  finances  — is  the 
part  played  by  her  gold  liabilities  in  the 
economic  development  of  her  system  of  currency. 
I allude  to  this  point,  bristling  with  complexity, 
with  extreme  diffidence  since  such  an  eminent 
and  well-known  authority  as  Sir  Robert  Giffen 
has  clothed  it  with  the  sanction  of  his  judgment. 
He  prefaces  the  main  question  with  the  dictum 
“ that  to  receive  for  revenue  in  one  metal 
and  to  pay  in  another  is  at  most  an  incon- 
venience.” An  inconvenience!  What  a splendid 
euphemism  this  is  for  the  tremendous  financial 
embarrassments  under  which  the  Indian 
exchequer  has  been  groaning  for  years,  until 
the  Government  have  been  compelled  to  adopt 
one  of  the  most  exceptional  expedients  to  which 
any  Government,  ancient  or  modern,  have  had 
to  resort  to  face  their  obligations.  Then  Sir 
Robert  goes  on  to  say  that  “ the  real  burdens 
of  a gold  debt  can  be  no  greater  for  a country 
with  a silver  money  than  for  one  with  a gold 
money.  So  much  gold  has  to  be  found  in 
either  case,  and  that  gold  will  be  found  if  the 
country  has  the  produce  to  pay  it  with.” 

It  is  far  from  being  the  case  that  the  real 
burdens  of  a gold  debt  can  be  no  greater 
for  a country  with  a silver  money  than  for 
one  with  a gold  money,  or,  v/ce  versa, 
depending  on  the  circumstances.  In  this 
statement  Sir  Robert  leaves  entirely  out  of  sight 
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the  fact  that  if  there  is  a fixed  amount  of  gold 
debt  the  burden  will  be  no  greater  in  a silver 
|,  money  country  as  compared  with  the  same 
‘ burden  in  a gold  money  country,  if  the  gold 
money  and  the  silver  money  continue  on  the 
|j  same  ratio.  But  if  the  two  countries  have  the 
same  gold  debt,  and  gold  increases  in  pur- 
chasing-power so  that  the  produce  that  formerly 
was  valued  at  ^100  comes  to  be  valued  at  £(j2 
(these  being  the  exact  figures  of  Mr.  Sauerbeck, 
namely,  £100  as  the  annual  average  of  the 
period  1867 — 1877,  with  a fall  to  £62  in  1897), 

I then  a gold  debt  contracted  at  the  average 
I of  the  eleven  years  1867-77,  will  now  require 
61  per  cent,  more  produce  per  annum  at  gold 
prices  to  pay  the  fixed  amount  of  interest  than 
it  did  when  the  debt  was  contracted,  and  in 
, the  event  of  the  redemption  of  the  principal 
I 61  per  cent,  more  produce  will  now  have  to  be 
, given  than  the  money  would  have  bought  at 
I the  time  it  was  borrowed.  Thus  a loan  of 
;^i,ooo,ooo  sterling  contracted  in  1867-77, 
would  be  paid  off  to-day  with  £1 ,000,000. 
But  to  pay  off  the  ^1,000,000  at  to-day’s 
gold  prices,  would  require  produce  that  in 
1867-77  would  have  been  valued  at ;^^i,6io,ooo. 
So  that  by  the  increase  in  the  purchasing- 
power  of  gold  during  the  last  twenty-five  years, 
the  burden  in  produce  of  the  debt  has  increased 
in  the  proportion  of  _;^i,ooo,ooo  to  ^1,610,000. 

On  the  other  hand,  if  a silver  country  had  in 
1867-77  borrowed  £1,000,000  in  gold,  with  the 
Mexican  dollar  at  4s.,  it  would  have  received 
in  coin  $5,000,000  Mexican  ; but  if  it  had  to 
repay  the  £1,000,000  at  is.  lo^d.,  the  rate  of 
to-day,  the  amount  of  dollars  required  to  do  so 
would  be  no  less  than  $10,667,000.  But  as 
silver  (not  rupee)  prices  of  produce  are  about 
30  per  cent,  higher  than  they  were  in  1867-77, 
the  equivalent  burden  in  produce  may  be 
represented  by  $8,200,000  as  compared  with  the 
$5,000,000  received  when  the  loan  was  made. 

So  when  Sir  Robert  Giffen,  as  quoted  above, 
says  that  “ so  much  gold  has  to  be  found  in 
either  case,  and  that  gold  will  be  found  if  the 
country  has  the  produce  to  pay  it  with,”  he 
states  what  is  perfectly  true,  that  they  have  the 
produce  with  which  to  pay,  but  he  omits  to  say 
that,  in  a case  like  the  one  taken  above,  the 
silver  country  has  to  find  113  per  cent,  more 
actual  silver  money  than  it  borrowed,  or  64 
per  cent,  more  produce  than  it  borrowed. 
These  are  the  increased  burdens  of  which  we 
have  abundant  reason  to  complain,  and  these 
are  the  unredressed  grievances  alike  of  the 
manufacturer  and  agriculturist  in  the  gold  and 
silver  countries,  to  which  they  have  to  submit  , 


in  the  interest  of  the  holders  of  securities,  who 
reap  the  benefit  of  the  increase  in  the  purchas- 
ing power  of  gold. 

One  of  the  greatest  evils  with  which  India 
has  had  to  contend  during  the  last  23  years 
has  been  the  greatly  increased  amount  of 
rupees  that  have  been  required  to  pay  a given 
amount  of  gold  debt  in  this  country,  caused  by 
the  divergence  between  gold  and  silver  and 
latterly  between  gold  and  the  rupee,  owing  in 
the  case  of  India  almost  entirely  to  the  in- 
creased purchasing  power  of  gold,  and  this  is 
really  the  pivot  around  which  the  interest  and 
the  action  of  the  Indian  Government  are  con- 
centrated. Their  object  in  closing  the  mints 
in  1893,  when  the  rate  was  at  is.  2^d.,  was 
to  arrest  the  further  fall,  if  possible,  in  the  gold 
value  of  the  rupee,  so  as  not  to  require  to  re- 
sort to  further  taxation  for  the  purpose  of  pay- 
ing the  gold  obligations  in  London.  In  tr}'ing 
to  arrest  the  fall,  they  were  not  altogether 
successful,  seeing  that  the  rate  fell  below 
IS.  id.,  but  by  excluding  silver  from  the  mints 
and  thus  bringing  about  a contraction  of  the 
currency,  both  actual  and  relative,  the  rate 
has  now  been  pushed  up  to  is.  3|d.  and  even 
IS.  qd..,  th.ough  this  has  been  accompanied  by 
one  of  the  severest  periods  of  monetary  string- 
ency that  India  has  ever  known. 

The  Indian  Government  and  the  Home 
Government  have  doubtless  been  fully  alive 
to  the  dangers  of  the  monetary  situation,  and 
to  the  importance  'of  placing  the  anomalous 
currency  system  of  India  on  some  more  stable 
and  defensible  foundation.  But  no  public  de- 
claration had  been  made  by  the  Government, 
until  the  Hon.  Vicary  Gibbs,  M.P.,  raised  the 
question  in  the  House  of  Commons  on 
March  29,  by  moving,  “That  a Select  Com- 
mittee or  Royal  Commission  be  appointed  to 
consider  the  monetary  condition  of  India,  and 
the  effects  of  closing  the  Indian  mints  to  silver 
on  the  different  classes  and  interests  affected 
thereby,  to  report  on  the  suggested  establishment 
of  a gold  standard  in  that  country,  and  to  make 
such  recommendations  as  they  may  think  fit.” 
After  the  question  had  been  dealt  with  by 
several  speakers.  Lord  George  Hamilton,  the 
Secretary  of  State  for  India,  rose  and  explained 
the  views  of  the  Government.  In  regard  to  the 
opening  of  the  mints  the  opinion  of  the  Govern- 
ment was  that  any  such  attempt,  “ without 
some  international  arrangement  being  come  to 
would  be  an  act  of  lunacy.”  He  said  that  he 
“ should  be  sorry  to  be  a party  to  inquiry  into 
the  Indian  monetary  system  if  it  were  believed 
that  he  in  any  way  associated  himself  with  the 
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idea  that  that  inquiry  would  lead  to  a reversal 
of  the  policy  established  in  1893.”  He  declined 
to  accept  Mr.  Gibbs’s  motion,  but  while  rejecting- 
the  recommendation  to  appoint  either  a Select 
Committee  or  a Royal  Commission,  for  reasons 
that  he  stated,  he  nevertheless  consented  to 
the  appointment  of  a committee,  not  being  a 
departmental  committee  in  the  sense  of  being 
composed  mainly  of  officials  in  the  India 
Office,  but  one  having  all  the  powers  and  all 
the  attributes  of  a Royal  Commission,  and 
which  is  simply  put  in  the  shape  of  a com- 
mittee because  this  is  a handier — and,  he 
thought,  a more  effective  — instrument  of 
inquiry.” 

The  House  agreed  to  the  proposal  of  the 
Secretary  of  State,  and  it  may  be  expected 
that  the  terms  of  reference  will  enable  the 
whole  question  of  India’s  monetary  system  to 
be  thoroughly  and  practically  examined.  We 
know,  from  what  has  been  officially  published, 
that  the  Indian  Government  desire  a gold 
standard,  and  that  the  rate  they  wish  fixed  is 
a rupee  equivalent  to  is.  qd.  in  gold.  The 
other  features  of  the  scheme  have  either  not 
taken  shape  yet  or  they  are  withheld  for  the 
present,  so  that  it  is  impossible  to  say  whether 
there  is  any  really  practical  method  of  provid- 
ing an  autom.atic  system  which  vvill  give  an 
effective  gold  standard  for  India.  Now,  at 
least,  the  whole  subject  will  be  carefully 
investigated,  and  knowing  as  I do  the 
difficulties  that  lie  in  the  path  of  the  Indian 
Government,  I shall  not  attempt  to  prejudge 
the  results  of  this  investigation.  I shall 
merely  express  the  hope  that  the  outcome  of 
the  deliberations  of  the  Committee  will  prove 
to  be  a benefit  to  India  by  the  recommendation 
of  some  system  that  will  put  an  end  to  the 
currency  uncertainties  of  the  last  few  years, 
that  will  restore  confidence  to  discontented 
communities  and  put  an  end  to  the  causes  of 
the  serious  monetary  stringencies  that  have 
been  so  disastrous,  and  that  will  bring  pros- 
perity and  contentment  to  the  great  mass  of 
the  people  of  India. 

In  conclusion,  I beg  to  thank  you  for  the 
extreme  patience  and  forbearance  you  have 
shown  in  listening  to  what  I fear  has  been  a 
long  and  somewhat  tedious  paper,  but  I 
venture  to  hope  that  I have  advanced  no 
argument  in  any  spirit  of  arid  dogmatism  but 
rather  in  that  of  anxious  inquiry,  and  that  the 
paper  will  gain  some  brilliancy  from  the 
reflected  ability  of  those  who  may  be  disposed 
to  take  part  in  the  discussion  of  the  several 
points  raised  therein. 


DISCUSSION. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
Sir  Edward  Sassoon  for  his  very  valuable  paper, 
said  there  were  a few  observations  he  should  like  to 
make  before  inviting  a general  discussion.  In  the 
first  place  he  hoped  they  would  all  imitate  the 
example  set  by  the  reader  of  the  paper,  and  treat  this 
matter  with  good  temper.  It  was  unfortunate  that 
so  abstract  a subject  as  the  currency  question  should 
produce  so  much  ill-temper,  and  it  was  their 
duty  to  struggle  against  that  tendency.  He  would 
also  ask  especially  that  the  Government  of  India 
and  Sir  James  Westland  should  be  treated  with  all 
possible  consideration.  They  did  not  take  the  matter 
up  out  of  lightness  of  heart,  but  because  by  their 
positions  they  were  bound  to  come  to  some  decision 
on  this  question,  and  though  his  friend.  Sir  James 
Westland,  was,  he  believed,  made  of  sterner  stuff  than 
himself,  if  Sir  James  suffered  half  as  much  lately  as  the 
present  speaker  did  in  the  six  months  before  the 
mints  were  closed,  he  deserved  compassion  and  not 
censure,  whatever  his  proposals  might  be.  There 
were  also  a few  matters  he  might  explain  with 
regard  to  which  there  appeared  to  be  some  con- 
fusion. It  was  not  the  case  that  after  the  Herschell 
Committee  closed  its  proceedings  the  Government 
of  India  was  at  liberty  to  delay  closing  the  mints 
while  they  negotiated  with  other  Powers.  The 
decision  was  then  finally  come  to  to  close  the  Indian 
mints,  and  to  attempt  to  introduce  a gold  standard. 
They  could  not  say  we  will  not  close  the  mints  for 
the  present,  and  hold  out  a threat  of  doing  so  to 
other  nations  whilst  negotiating  with  them  with  a 
view  to  coming  to  some  other  airangement.  The 
mints  were  closed  to  the  free  coinage  of  silver, 
with  the  intention  of  ultimately  establishing  a 
gold  standard.  As  far  as  he  was  aware  the 
Government  did  not  finally  decide  what  should  be 
the  next  step  ; it  waited  to  see  the  result,  and  re- 
served to  itself  the  right  to  take  such  steps  as  might 
appear  necessary.  Certainly  the  Government  had  not 
accepted  any  proposals  of  his,  or  come  to  any  final 
conclusion  as  to  what  should  be  done ; nor  did  it 
decide  at  that  time  that  the  ratio  at  which  the  gold 
standard  should  be  introduced  would  be  is.  qd. 
That  figure  of  is.  qd.  was  introduced  into  the  discus- 
sion in  this  way.  The  Herschell  Committee  thought 
that  on  the  first  closing  of  the  mints  there  might 
be  a dangerous  rise  in  the  rate  of  exchange,  and  as 
a matter  of  precaution  suggested  is.  qd.  as  the  point 
at  which  rupees  would  be  given  for  gold  so  as  to 
prevent  any  dangerous  and  sudden  rise ; but  it  was 
still  open  to  the  Government  of  India,  or  to  the 
Secretary  of  State,  to  choose  is.,  is.  qd.,  is,  6d.,  or 
IS.  8d.  He  did  not  kniw  whether  they  had  finally 
come  to  any  decision,  but  the  tendency  had  been 
towards  the  adoption  of  is.  qd.  Still  that  figure  had 
never  been  formally  laid  down  as  the  rate  at 
which  the  gold  standard  should  be  introduced. 
There  was  another  matter  on  which  a little 
explanation  might  be  useful.  It  had  been  said 
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that  a statement  \vas  once  made  by  him  that 
5,000,000  sterling  in  gold  would  be  sufficient  to 
' maintain  the  gold  standard  in  India.  Now  he  did 
1 not  mean  that  if  you  took  ^15,000,0000  either  by 
boiTowing  or  in  any  other  way,  and  added  them  to 
the  Indian  currency,  the  gold  standard  would  be 
secure  for  all  time ; he  meant  that  if  the  gold 
standard  were  introduced,  and  the  rupee  currency 
reduced  as  far  as  necessary  to  arrive  at  a rate  of 
(say)  IS.  4d.,  and  that  figure  became  the  normal 
rate  of  exchange  for  the  time,  then  with  the 
resene  of  15,000,000  in  the  active  currency  pass- 
' ing  from  hand  to  hand  he  should  look  on  the  gold 
I standard  as  reasonably  secure.  With  regard  to  the 
general  discussion,  he  would  suggest  the  importance 
of  bringing  forward  new  facts  if  they  were  available. 
They  had  had  a great  deal  of  theory,  and  what  they 
wanted  now  were  facts  as  regarded  the  position  in 
India  since  the  mints  were  closed.  One  important 
question  was  whether  the  present  high  rate  of 
e;xchange  was  likely  to  be  maintained,  and  in  arriv- 
ing at  a decision  on  that  point  they  must  decide 
whether  the  present  high  rate  of  discount  was  due  to 
a positive  scarcity  of  rupees  or  to  a want  of  loanable 
capital.  If  it  were  due  to  a positive  scarcity  of 
rupees  then  they  were  on  the  eve  of  the  establish- 
ment of  a gold  standard,  for  as  rupees  became  scarcer 
the  rate  of  exchange  must  continue  at  is.  qd.  For 
his  part  he  did  not  believe  that  the  high  rate  of 
discount  in  India  was  due  to  an  actual  want  of 
rupees  but  rather  to  a want  of  loanable  capital. 
It  was  well  known  that  bankers  had  for  many 
years  kept  as  little  capital  as  possible  in  India, 
withdrawing  it  from  there  because  they  lost  by 
keeping  it  in  silver.  It  was  also  known  that  many 
persons  had  taken  advantage  of  the  recent  high  rate 
of  exchange  to  get  their  money  home  from  India,  and 
he  believed  some  banks  had  done  the  same.  It  was 
also  the  case  that  there  had  been  a good  deal  of 
borrowing  in  India,  and  there  must  have  been  a good 
deal  of  capital  taken  away  from  the  Presidency  towns 
and  centres  owing  to  the  famine.  Another  cause 
which  a banker,  in  whose  opinion  he  had  confidence, 
thought  was  operative  was  this  : in  former  times  when 
silver  was  sent  out  in  large  quantities  to  India  it  was 
coined  into  rupees  ; it  was  then  sent  into  the  banks 
and  found  its  way  gradually  into  the  country  ; 
during  its  temporary  stay  in  the  banks  it  was  avail- 
able to  meet  the  wants  of  business ; but  if  it  went 
out  as  uncoined  silver,  and  remained  uncoined,  it  was 
not  available  for  the  wants  of  trade  when  there 
happened  to  be  pressure  for  money.  Capital  was 
very  cheap  in  this  country,  and  the  question  was  why 
did  it  not  go  to  India.  The  reason  was  that  the  public 
were  not  confident  that  the  present  rate  of  exchange 
would  be  maintained,  otherwise  they  would  certainly 
rather  lend  their  money  at  12  per  cent,  in  Calcutta 
than  3 or  4 per  cent,  in  this  country.  There  was 
another  point  on  which  information  would  be  very 
valuable.  What  became  of  the  large  imports  of 
silver  into  India  at  the  present  time  } It  seemed 


probable  that  they  were  simply  ab.sorbed  in  the 
ordinary  way  by  the  countr\%  and  there  was  a large 
amount  going  there  now.  It  would  be  also  useful  if 
anyone  could  give  information  with  regard  to  the 
condition  of  the  currency  in  native  States  which  had 
the  power  of  coining.  .Some  had  accepted  the  Indian 
rupee,  Ca.shmere  for  instance,  and  when  he  left  India 
there  was  some  talk  of  the  coinage  of  .silver  being 
stopped  in  certain  .States,  but  in  other  States  it  was 
po.ssible  that  silver  was  still  being  freely  coined.  One 
would  like  to  know  the  condition  of  the  currency  in 
the  chief  native  State.s,such  as  Hyderabad,  .Scindia’s 
Territory,  and  the  Great  Rajpoot  .States;  had  they 
gone  on  coining,  or  had  they  stopped,  and  how  was 
trade  carried  on  between  British  territory’,  where  an  arti- 
ficial rupee  was  current,  and  those  States  where  there 
was  another  artificial  rupee  or  perhaps  a natural  rupee 
current.  It  had  been  suggested  that  uncoined  .silver 
was  used  to  a large  extent  as  a circulating  medium, 
but  he  doubted  it.  A ryot  might  conceivably  sell  his 
wheat  for  raw  silver,  but  if  he  took  the  bar  silver 
to  the  Government  Treasury  to  pay  his  revenue  he 
would  soon  find  his  mistake.  Then  the  question  was 
how  far  it  had  been  a hardship  on  the  owners  of 
hoarded  silver  that  that  silver  was  now  of  less  value 
than  formerly  in  compari.son  with  the  rupee. 
He  was  not  satisfied  that  it  was  a very  serious 
evil  in  practice,  because  most  people  who  o\vned 
uncoined  silver  did  not  hold  it  for  the  purpose  of 
selling,  but  to  use  it  for  ornament  or  simply  to 
hoard  it.  Of  course,  the  hardship  fell  on  them 
when  they  came  to  sell  it  or  borrow  money  on  it, 
but  one  would  like  to  know  to  what  extent  that  hard- 
ship was  actually  experienced.  Only  a ver}-  small 
per-centage  of  the  people  ever  sold  their  uncoined 
silver.  The  great  difficulty  in  introducing  a gold 
standard  was  the  enormous  mass  of  coined  rupees 
in  existence.  If  it  should  prove  to  be  the  case 
that  these  rupees  were  thrown  generally  into  the 
currency,  the  cost  of  introducing  the  gold  standard 
would  be  practically  enormous,  as  all  these  laipees 
would  have  to  be  absorbed.  On  the  other  hand, 
if  they  were  not  thrown  into  the  circulation  the 
operation  would  become  much  more  easy,  and  it 
would  be  still  more  easy  if  people  went  on  hoard- 
ing rupees,  even  under  present  conditions.  There 
would  be  a natural  process  at  work  to  reduce  the 
circulation,  and  the  introduction  of  the  gold  standard 
would  be  by  no  means  impossible.  He  was  not 
offering  any  opinion  whether  it  was  desirable  or  not. 
Some  peoj)le  said  if  a gold  standard  were  introduced 
enormous  quantities  of  gold  would  be  brought  out 
from  hoards  of  private  persons  and  used  as  a 
circulating  medium.  He  wished  to  speak  with 
consideration  of  his  opponents,  but  if  anybody  made 
a statement  of  that  sort,  in  his  opinion  he  was  not 
merely  incorrect,  but  a man  whose  opinion  you  had 
better  avoid  taking  on  anything  in  connection  with 
the  currency.  If  a silver  standard  were  introduced 
into  this  countr)’,  would  the  people  who  had  silver 
teapots  and  other  articles  of  plate  melt  them  down 
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and  throw  them  into  the  circulation  ? The  thing 
was  absurd.  Of  course,  they  did  not  know  much 
about  Indian  ladies,  who  usually  lived  in  the 
seclusion  of  the  zenana,  but  he  believed  they  had  as 
much  influence  in  families  as  the  ladies  in  this 
country,  which  was  saying  a great  deal,  and  if 
an  Indian  went  to  his  wife  and  told  her  that  the 
Government  had  made  gold  a legal  tender,  that 
he  proposed  to  melt  down  her  gold  bracelets,  and 
put  them  into  circulation,  he  did  not  think  he 
would  meet  with  a very  favourable  reception.  What 
might  be  expected  to  happen  and  what  would  happen 
when  gold  began  to  circulate  as  a portion  of  the 
Indian  cun'ency  would  be  that  there  would  be  a 
greater  tendency  to  withdraw  it  and  hoard  it.  A 
native  banker,  for  instance,  would  say,  “ I can  get 
;^i,ooo  sterling  for  so  many  rupees  at  the  present 
time,  and  as  the  exchange  may  go  to  is.  3d.,  and  the 
^1,000  be  worth  more  rupees,  I will  take  that  ^i,ooo 
and  keep  it  in  a box  and  let  the  rupees  circulate.” 
Therefore,  in  the  first  instance,  any  gold  that  went 
into  the  Indian  Treasury  would  be  at  times  with- 
drawn, but  it  did  not  follow  necessarily  that  the 
process  would  be  carried  on  to  such  an  extent  that 
a gold  standard  would  become  impossible.  Still  it 
was  a thing  which  had  to  be  reckoned  with. 

Sir  Samuel  Montagu,  Bart.,  M.P.,  said  it 
was  very  difficult  to  find  anything  new  to  say  on 
this  subject.  He  agreed  with  almost  everything  to 
be  found  in  the  paper,  and  had  no  doubt  the  informa- 
tion brought  forward  would  be'  made  use  of  in  the 
inquiry  about  to  be  made.  The  Government  had,  of 
course,  the  usual  three  courses  open.  They  might 
allow  matters  to  drift  as  they  were  doing  now ; they 
could  open  the  mints  ; or  they  could  persist  in  their 
policy  of  a gold  currency  for  India.  They  were  all 
agreed  in  condemning  the  existing  state  of  things,  for 
to  leave  a great  country  without  any  metallic  standard 
at  all  must  be  prejudicial,  and  some  remedy  must  be 
found.  Most  of  his  friends  who  were  in  favour  of 
bimetallism  agreed  with  him  that  the  only  perfect 
solution  would  be  international  bimetallism  at  a 
reasonable  ratio.  When  he  was  on  the  Royal  Com- 
mission some  years  ago,  he  suggested  20  to  i ; now 
they  had  arrived  at  22  to  r.  Sir  Edward  Sassoon 
had  put  forward  very  forcibly  the  position  in  which 
France  stood,  because  under  the  international  arrange- 
ment, it  w'as  only  France  which  blocked  the  way.  As 
he  put  it,  they  had  ^90,000,000  sterling  nominal 
value  of  five  - franc  pieces,  worth  at  the  present 
rate  of  silver  000,000.  He  held  that  would  be 
quite  unsaleable  at  the  price,  but  that  was  another 
question.  That  left  ;C5i,coo,ooo  del  credere,  the 
credit  obtained  by  the  Government  by  affixing  the 
Government  stamp  on  pieces  of  silver.  Through 
making  it  a legal  tender  they  had  an  excess,  or  del 
C7'edere  value  of  ^^51, 000,000  sterling.  If  they  were 
to  adopt  the  international  agreement  proposed  by  the 
United  States,  and  take  22  to  i as  the  ratio,  which 
would  be  agreed  upon  by  the  Indian  Government, 


he  hoped  those  five-franc  pieces  would  be  worth 
;^63,ooo,ooo,  as  a really  valuable  asset,  leaving  only 
;^2 7,000,000  del  credere,  which  could  easily  be  filled 
up  by  the  printing  press,  because  if  a Government 
gained  credit  in  one  Avay  by  stamping  coin,  it  could 
get  the  same  amount  of  credit  by  issuing  Treasury 
notes.  Anybody  who  took  a five-franc  piece,  knowing 
it  was  not  worth  more  than  two  francs,  trusted  the 
French  Government  to  three  francs.  On  one  point  he 
did  not  agree  with  Sir  Edward  Sassoon,  namely,  as  to 
the  possible  withdrawal  of  half-sovereigns.  A wealthy 
country  like  this  could  put  up  with  the  inconveni- 
ence of  having  half-sovereigns.  He  should  not  like 
to  have  to  walk  about  with  19s.  of  silver  in  his 
pocket.  No  greater  fallacy  could  have  been  pro- 
pounded by  INIr.  Goschen  than  to  think  there  was  any 
difference  between  notes  based  on  silver  and  notes 
based  on  gold.  Even  in  the  United  States  certificates, 
although  stated  to  be  payable  only  in  silver,  were 
payable  really  in  gold,  because  they  could  be  tendered 
to  the  Government  in  payment  of  duties  or  taxes. 
So  it  would  be  if  we  had  los.  notes  or  £\  notes- 
based  on  silver.  If  they  did  not  want  silver,  all  they 
would  have  to  do  would  be  to  pay  their  taxes  with  it ; 
but  it  would  not  be  very  useful  for  this  country  to  buy 
a quantity  of  silver,  or  for  the  Bank  of  England  to 
hold,  as  she  was  permitted,  one-fifth  of  the  reserve  in 
silver,  unless  it  were  on  account  of  the  Indian  Govern- 
ment. Certainly  the  Bank  of  England  in  this  country 
ought  to  be  protected  from  any  result  of  a large 
holding  of  silver  When  it  would  be  done  almost 
entirely  for  the  benefit  of  India.  What  ought  our 
answ’er  be  to  France,  the  countiy  which  blocked  the 
W'ay  to  an  international  standard  for  silver.  Even  bi- 
metallists could  not  beg  and  beseech  France  to  alter 
her  course.  The  Indian  Government  ought  to  persist 
in  establishing  a gold  currency  until  France  came  to 
reason.  He  did  not  think  with  the  splendid  credit 
which  India  enjoyed,  and  which  he  hoped  she  always- 
would  enjoy,  it  would  be  very  difficult  to  collect  the 
amount  of  gold  necessary  for  her  to  establish,  at  any 
rate  for  the  time  being,  a gold  currency.  If  they  had 
international  bimetallism  there  must  be  gold  also  in 
India,  and  he  thought  the  Indian  Government  could 
accumulate  gold.  He  wmuld  ask  the  Chairman  whether 
it  w'ould  be  possible  to  exact  the  w'hole  or  a portion  of 
the  land  tax,  say,  from  the  large  holders  of  land,  not 
the  small  ones,  in  gold.  Russia  had  accumulated  an 
immense  amount  of  gold  by  making  the  customs  duty 
payable  in  that  metal.  In  an  enormous  country  like 
India  he  should  think  there  w’ere  means  of  getting 
gold  into  the  country  without  the  necessity  of  actually 
borrowing  it,  but  not  being  intimately  acquainted 
with  the  customs  in  India  he  could  not  give  an 
authoritative  opinion  upon  that. 

Mr.  Stephen  Ralli  said  the  question  under  dis- 
cussion was  a most  difficult  one,  but  there  was  no 
doubt  India  could  not  go  on  under  the  present 
system.  The  Government  were  very  well  advised 
when  they  decided  to  appoint  a Departmental  Com- 
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Miittee,  and  he  hoped  their  endeavours  to  put  Indian 
finance  on  a sound  footing  would  be  successful.  India 
was  not  like  France,  it  was  a debtor  country  to  a very 
large  extent.  The  amount  which  India  had  to  remit 
to  the  Government  at  home  amounted  to  about 
;^i8, 500,000,  besides  which  she  had  to  remit  to  private 
individuals  or  companies  ;^7, 000,000  or  ^8,000,000 
sterling,  being  the  profit  on  European  capital  invested 
there.  How  could  India  pay  that  debt  to  England  } 
It  could  only  be  done  by  the  excess  of  exports  over 
imports.  Therefore  the  Indian  Government  must  do 
what  they  can  to  increase  the  exports  as  much  as 
possible.  On  what  did  the  experts  depend.  First 
on  whether  the  crops  were  abundant,  moderate,  or  de- 
ficient ; secondly,  on  the  value  in  the  selling  markets  of 
the  various  articles  exported  from  India ; and,  thirdly, 
•on  the  relative  cost  of  the  same  articles  in  competing 
•exporting  countries.  Now  the  opinion  of  most  com- 
petent Indian  merchants  was  that  in  order  to  make 
•exports  as  cheap  as  possible  there  must  be  a low  rate 
•of  exchange.  Sir  Edward  Sassoon  had  spoken  of 
China,  and  that  was  the  most  important  feature  of 
to-day,  so  great,  that  he  was  afraid  that  the  con- 
sequences to  India  within  the  next  ten  years  would  be 
very  serious.  The  Government  had  very  cleverly 
taken  under  their  wing  the  central  provinces  of 
China.  Those  immense  provinces  were  very  fertile, 
nnd  contained  an  immense  population  of  active  and 
industrious  workers  who  were  not  paid  more  than 
Indian  workers,  and  were  infinitely  superior  to  them. 
The  future  of  those  countries  was  immense  under 
English  protection,  because  sooner  or  later  it  would 
come  to  that.  He  hoped  the  English  Government 
would  select  some  of  their  Indian  officials,  for  whose 
abilities  and  administrative  capacity  he  had  the  veiy 
highest  respect,  to  send  to  the  central  provinces  of 
China  to  assist  the  Chinese  Government.  Under 
such  men  life  and  property  would  be  safe,  and  the 
exactions  of  the  mandarins,  which  now  prevented  all 
progress,  would  be  veiy  much  restricted  if  not 
abolished.  All  the  articles  of  export  from  India  with 
the  exception  of  a few,  would  be  cultivated  in  China ; 
cotton,  wool,  and  jute  mills  would  swarm  there.  The 
cotton  cultivation  of  China  would  immensely  increase, 
and  what  would  be  the  result  on  the  cotton  mills  in 
Bombay.  They  must  feel  the  competition  very  much. 
Then  again,  the  tea  trade  in  India  and  Ceylon  had 
immensely  increased  of  late  years,  because  it  was 
under  European  management,  and  the  same  thing 
would  now  take  place  in  China.  The  competition 
with  China,  therefore,  in  ten  years  would  be  very 
great,  and  would  be  felt  in  India,  as  they  had 
already  felt  the  competition  of  Chinese  opium. 
China  would  have  an  immense  advantage  over  India, 
as  had  been  pointed  out  in  the  paper.  The  advan- 
tage of  the  interchange  being  on  a silver  basis,  the 
exchange  would  be  about  lod.,  whereas  in  India 
they  were  strangled  by  the  is.  qd.  exchange.  He 
was  very  much  afraid,  therefore,  that  unless  the 
exchange  were  lowered  India  would  be  under  a 
great  disadvantage.  What  was  the  position  in 


India  with  regard  to  exports  } This  year  there 
had  been  a large  export  of  wheat  from  India ; first, 
because  the  crops  were  abundant  ; secondly  and 
principally,  because  the  price  was  veiy  high  ; but 
in  normal  years  India  had  ceased  to  be  a factor 
in  the  export  trade,  because  America  grew  wheat 
to  an  immense  extent,  Russia  had  extended  im- 
mensely her  wheat  exportation,  and  Argentina  the 
same,  and  as  during  late  years  the  price  of  wheat 
had  been  low,  India  had  almost  ceased  to  export 
it,  because  she  could  not  compete  at  such  low  prices 
with  other  countries.  Linseed  again  was  a veiy' 
large  article  of  export.  Some  years  ago  the  ex- 
portation from  Calcutta  and  Bombay  avas  500,000 
tons,  but,  in  1896,  Russia  alone  exported  700,000 
tons,  owing  to  the  increased  cultivation  in  the 
Caucassian  provinces.  India  also  had  to  compete 
in  this  respect  with  the  Argentine  Republic.  Cotton 
was  a very  large  article  of  export  from  India,  and 
it  remained  about  the  same,  but  America  exported 
about  11,000.000  bales,  and  at  the  present  price 
of  American  cotton  at  3fd.  it  was  difficult  for 
India  to  compete.  Therefore,  unless  the  English 
Government  was  alive  to  the  necessity  of  a low 
exchange,  the  future  of  India  was  very'  critical. 
He  would  now  endeavour  to  prove  the  in- 
fluence of  the  exchange  on  the  export  trade.  A 
friend  of  his,  a great  political  economist.  Lord 
Farrer,  in  conversation  \rith  him,  maintained  that  the 
rate  of  exchange  had  nothing  to  do  with  the  exports 
of  a country,  but  if  Lord  F'arrer  and  several  clever 
men  who  agreed  with  him  had  served  for  a few  years 
in  a commercial  firm,  and  had  seen  practically  how 
the  prices  were  affected  by  the  rate  of  exchange,  and 
what  influence  it  had  on  the  cultivation  and  exports 
of  a country,  he  would  be  of  quite  a different  opinion. 
The  difference  between  Lord  Farrer  and  himself  was 
this — that  Lord  Farrer  was  a theorist,  and  he  was  a 
practical  man.  He  pointed  that  out  to  Lord  Farrer, 
and  to  his  late  friend,  Mr.  Currie,  and  told  him  that 
in  his  experience  in  London,  which  dated  from  1851, 
those  who  deduced  conclusions  from  theories,  and 
applied  them  to  business  transactions,  were  almost 
sure  to  go  wrong.  Since  that  time  all  the  merchants 
who  were  strong  in  statistics,  men  of  great  ability 
who  deduced  conclusions  from  theories  and  applied 
them  to  their  commercial  pursuits,  had  gone  to  the 
wall.  Suppose  the  exchange  to  be  is.  qd.,  at  the 
present  value  in  Europe  of  any  article  he  could  give 
to  the  native  producer  (say)  12  rupees.  Then,  if  the 
exchange  were  I2d.,  he  could  give  to  the  producer  16 
rupees  instead  of  12.  Now  as  wages  in  India  only 
changed  very  slowly,  the  cost  of  production  was 
about  the  same,  whether  the  exchange  was  is.  qd. 
or  1 2d.,  and,  therefore,  how  could  it  be  maintained 
that,  if  he  gave  the  native  16  rupees  instead  of  12,  he 
would  not  make  more  money  and  increase  his  cultiva- 
tion and  export.  Again,  by  increasing  the  exports, 
you  created  a much  larger  demand  for  imports, 
because  when  the  agriculturists  of  India  were  pros- 
perous, as  a matter  of  course  they  would  buy  more 
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European  goods.  Therefore,  a low  exdiange  favoured 
exportation  directly  and  importation  indirectly.  He 
was  sure  the  Chairman  would  bear  him  out  in  stating 
that  when  the  exchange  was  2s.  or  is.  iid.,  the 
Government  of  India  had  great  difficulty  to  make 
both  ends  meet,  and  that  during  those  years,  when 
the  exchange  declined,  the  prosperity  of  India  so 
improved  that  the  budget  was  much  better  than 
when  the  exchange  was  higher.  The  Chairman 
asked  if  any  evidence  could  be  given  of  the  scarcity 
of  rupees.  Not  long  ago  he  was  asked  the  same 
question  by  a friend,  and  made  some  inquiries. 
Moulmein  was  a large  exporting  country,  from 
which  a great  deal  of  rice  was  shipped.  His 
friend,  Mr.  Herbert  Arbuthnot,  told  him  that  Messrs. 
So-and-so,  of  Moulmein,  wrote  him  that  the  scarcity 
of  rupees  was  so  great  that  whereas  they  had  to  pay 
an  export  duty  of  21,000  rupees  on  a cargo  of  rice 
they  were  shipping  it  was  impossible  to  find  the 
money.  That  information  was  transmitted  to  a 
Minister,  who  challenged  him  for  proof  of  the  state- 
ment. He  sent  him  a copy  of  the  letter  with  the 
name  of  the  firm,  and  the  name  of  the  ship,  and  the 
additional  information  that  they  had  to  bring  rupees 
from  Calcutta.  Many  exporting  merchants  paid  will- 
ingly 20  per  cent,  interest  per  annum.  It  was  well 
known  in  Bombay,  Calcutta,  and  Kurrachee  that 
rupees  were  scarce.  How  could  they  not  be  when  the 
Government  had  ceased  coining,  and  over  and  above 
there  was  the  wear  and  tear  of  the  circulation.  Then 
another  question  was  asked — what  became  of  the 
silver  going  to  the  native  States The  general  opinion 
in  India  on  this  point  was  that  there  was  a good  deal 
of  illicit  coinage.  It  was  true  that  up  to  the  present 
time  the  illicit  coinage  in  circulation  did  not  appear 
to  be  great ; some  said  it  was  2 per  cent.,  but  it  was 
probably  \ per  cent.,  and  these  illicit  rupees  were  so 
well  made  that  it  was  impossible  to  detect  them  even 
when  sent  to  the  mint.  How  could  illicit  coinage  be 
prevented  in  native  States } The  proposition  now 
was  a gold  standard,  either  with  a gold  coinage  or 
without.  He  maintained  that  if  the  great  mistake 
which  had  been  made  was  continued,  and  if  the  rate 
of  exchange  remained  at  is.  qd.,  whether  you  had  a 
gold  coinage  or  not,  gold  would  disappear.  There 
were  factors  to  take  into  consideration.  There  were 
not  always  abundant  crops  as  there  had  been  this  year, 
but  the  tribute  or  debt  of  India  to  England  must  be 
paid  by  export,  and,  therefore,  if  the  crops  Avere 
deficient,  India  must  export  gold.  Secondly,  im- 
mediately the  Indian  princes  and  bankers  Avould 
hear  that  Her  Majesty’s  Government  had  decided 
to  have  a gold  standard  they  would  think  the 
Government  had  lost  confidence  in  rupees,  and 
those  men  who  had  millions  sterling  of  rupees 
hoarded  would  rush  to  the  Treasury  and  change 
their  rupees  for  gold.  Mr.  Lindsay  thought  that 
if  the  reserve  were  in  London  it  would  not  have 
the  same  effect  as  if  it  was  in  India,  but  that  Avas  a 
fallacy,  because  they  would  buy  exchange  from  the 
Government  at  is.  3fd.,  send  the  bills  to  London, 


and  get  the  gold  in  India.  Unless  the  exchange  1 
Avere  much  loAver,  and  trade  developed,  the  gold  | 
standard  would  fail.  j 

I 

Sir  William  Houldsavorth,  Bart.,  M.P.,  said'  1 
this  was  an  Indian  question,  and  having  no  Indian 
experience,  he  Avould  only  say  that  he  thought  they  1 
Avere  deeply  indebted  to  Sir  EdAvard  for  his  clear 
and  excellent  paper.  He  Avas  glad  that  in  one 
sentence  he  threw  aside  the  judicial  function  he 
had  assumed,  and  advocated  international  bimetallism 
as  the  only  true  remedy  for  the  difficulties  of  the 
Indian  Government  and  people.  The  Indian  currency- 
question  really  meant  the  Avant  of  a settled  par  of 
exchange  between  the  money  of  India  and  the  money- 
outside  India,  and  there  seemed  to  be  only  two- 
ways  of  dealing  with  it.  One  Avay  AA-as  to  make 
the  money  of  India  the  same  money  precisely  a» 
the  money  outside.  They  could  do  that,  or  could 
attempt  it,  Avith  regard  to  England  and  gold-using 
countries,  by  having  a gold  standard,  but  that  die? 
not  cover  the  ground,  even  if  it  Avere  possible, 
because  there  Avas  still  China  and  other  countries  on 
the  silver  standard  Avhich  Avould  not  be  covered.  He- 
thought  it  very  opportune  that  this  discussion 
should  be  taking  place  AV'hen  the  Committee  AA’as 
about  to  sit  on  the  question,  because  it  Avas 
exceedingly  important  that  public  opinion  shoulc? 
be  educated  upon  it.  After  all,  the  Committee^ 
able  as  it  might  be,  Avould  be  dependent  on  the- 
infoiTnation  and  the  arguments  and  the  views  AA’hich 
were  presented  to  it  by  the  witnesses,  and  by  public 
opinion  outside,  and.  therefore,  he  hoped  meetings  of 
this  kind  Avould  be  continued,  so  that  Avithout  attempt- 
ing to  bring  any  undue  pressure  on  the  Committee, 
it  might  be  thoroughly  infonned  as  to  the  opinion  of 
experts  and  practical  men  on  this  question. 

The  Chairman,  in  putting  the  vote  of  thanks^, 
said,  with  reference  to  Sir  Samuel  Montagu’s  inquiiy, 
that  it  Avas  quite  impossible  that  large  landoAvners 
in  India  could  be  called  upon  to  pay  the  land  reA-enue 
in  gold  in  order  to  accumulate  a reserve.  It  was  quite 
possible  to  leA'y  customs  duty  in  gold,  but  he  doubted 
AA’hether  Manchester  Avould  like  it.  With  regard  to 
the  scarcity  of  rupees  he  Avas  not  satisfied  even  on- 
the  eAudence  Mr.  Ralli  brought  foi'Avard,  that  the 
scarcity  at  Moulmein  Avas  not  due  to  the  scarcity  of 
capital  for  the  time  being.  As  regards  illicit  coinage 
in  good  siLer,  he  had  not  seen  any  evidence  that  it 
existed,  but  if  it  did  become  A'ery  preA-alent,  the 
scarcity  of  rupees  Avould  disappear. 

The  vote  of  thanks  having  been  carried  unanimously,. 

Sir  Edavard  Sassoon,  in  reply,  said  : — It  only 
remains  for  me  to  say  hoAv  much  I appreciate  your 
kindness  in  passing  the  A'ote  of  thanks  to  me.  We 
have  been  fortunate  enough  to  elicit  useful  and 
valuable  declarations  from  .Sir  David  Barbour  on 
points  Avhich  had  been  A^ariously  interpreted,  and  not 
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i the  least  of  them  you  will  think  is  the  disclosure  of 
1 the  adamantine  nature  of  his  successor’s  disposition, 
so  that  we  merchants  and  bankers,  when  we  are 
1 harassed  and  wearied  by  the  troubles  and  vagaries  of 
' an  inscrutable  and  unfathomable  exchange,  now  know 
that  we  can  turn  round  and  peg  away  at  some  one 
with  impunity. 


TWENTIETH  ORDINARY  MEETING. 

Wednesday,  May  ii,  1898  ; Corbet 
Woodall,  M.Inst.C.E.,  in  the  chair. 

The  following  candidate  was  proposed  for 
election  as  a member  of  the  Society : — 

King,  Brig.  Surg.  Lt.-Col.  Sir  George,  K.C.I.E., 
LL.D.,  F.R.S.,  care  of  Messrs.  Grindlay  and  Co., 
55,  Parliament-street,  S.W. 

The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society:  — 

Carnegie,  Douglas,  M.A.,  84,  Shooters’s-hill-road, 
Blackheath,  S.E. 

Cleghom,  Robert  Cooper,  14,  St.  Mary-axe,  E.C. 
Davis,  Harold,  Belle-vue-house,  Park-place,  Green- 
wich, S.E. 

Farmer,  Heniy,  5,  Royal  - terrace,  Portishead, 
Somerset. 

Skrine,  Francis  Hemy,  Queen  Anne’s-mansions, 

S.W. 

Smith,  George  Henry,  Brookeland,  New  Malden, 
Surrey. 

Stroud,  Prof.  Henry',  M.A.,  D.Sc.,  Durham  College 
of  Science,  Newcastle-on-Tyne. 

W illiams,  Stephen  M.  J.  (Bengal  Nagpur  Railway), 
care  of  Messrs.  Grindlay  and  Company,  Calcutta. 

The  Chairman,  in  introducing  Professor  Lewes, 
said  that  it  was  twenty  years  since  he  had  the  honour 
of  occupying  the  position  of  Chairman  at  one  of 
these  meetings,  when  Dr.  William  Wallace  read 
a paper  on  “Gas  Illumination.”  It  had  been 
his  (the  Chairman’s)  lot  to  initiate  a system  of 
lighting  public  ways  by  better  lanterns  and  burners, 
which  had  received  a large  acceptance,  and  had 
shown  that,  in  point  of  economy,  efficiency,  and  pic- 
turesque effect,  gas  was  still  able  to  hold  its  own  for 
this  purpose.  Electricity  was  just  then  coming  into 
notice  for  purposes  of  illumination,  and  they  were 
assured  by  many  that,  if  not  already  on  the  descend- 
ing scale,  gas-lighting  had  reached  its  maximum. 
In  the  year  1878,  the  consumption  of  gas  in  London 
was  about  ii^  thousand  million  feet;  to-day  it  was, 
as  nearly  as  possible,  double  that,  and,  as  far 
as  one  could  see,  the  prospects  of  advance  were  as 
bright  now  as  they  were  at  the  period  he  referred  to. 
Whether  that  result  had  at  all  been  brought  about 
by  the  efforts  of  a friend  disguised  as  an  enemy  it  was 
not  worth  while  to  argue,  but  he  claimed  at  any  rate 


that  the  period  had  been  one  of  so  much  activity  as 
ma.le  it  remarkable  in  the  history  of  the  gas  industry'. 
In  those  advances  they  had  always  found  Professor 
Lewes  ready  and  willing  to  help.  At  that  time  they 
were  satisfied  to  obtain  by  burning  gas  at  the  rate  o 
5 feet  per  hour  a light  equal  to  15  candles,  or,  roughly, 
3 candles  per  cubic  foot.  .Since  then  the  rate  had 
advanced  10  candles  per  foot,  and  to-day,  thanks  to 
the  charming  invention  of  Dr.  Auer  von  Welsbach, 
they  were  able  to  realise  25  candles  per  cubic  foot, 
or  an  increase  of  8 times  in  illuminating  effect,  with 
the  incidental  advantage  of  removing  in  great  measure 
the  nuisance  of  smoke.  In  the  process  of  manufac- 
ture probably  the  greatest  advance  of  recent  years  had 
been  that  which  was  about  to  be  explained.  The  intro- 
duction of  carburetted  water  gas  had  come  at  a very 
appropriate  period, when  with  the  demand  for  improved 
lighting  there  had  been  also  a diminution  in  the 
supply  of  high-class  coals  and  cannels  suitable  for 
making  gas  of  high  quality.  From  i88q,  when  he 
had  the  opportunity  of  investigating  this  new  process 
in  the  United  States,  until  now',  he  had  been  actively 
connected  with  this  branch  of  the  industry,  and  he 
had  seen  nothing  but  reason  for  thankfulness  at  its 
introduction  and  increasing  satisfaction  with  the 
results.  It  had  not  only  been  satisfactory  to  the 
manufacturer,  but  also  yielded  to  the  consumer  a 
better,  brighter,  and  purer  light. 

The  paper  read  was — 

WATER  GAS  AND  ITS  APPLICATIONS. 
By  Vivian  B.  Lewes, 

Professor  of  Chemistry,  Royal  Naval  Colleg-e,  Greenwich. 

The  history  of  nearly  all  commercial  pro- 
cesses shows  us  how  rarely  success  is  at  once 
attained,  the  skeleton  cupboard  of  the  manu- 
facturer containing  many  gruesome  records  of 
hard-fought  struggles  and  failures  before  the 
discovery^  of  some  small  alteration  in  the  pro- 
cess has  elevated  it  from  the  depths  of 
mediocrity  to  the  heights  of  success ; and 
when  in  the  future  the  history  of  water  gas 
comes  to  be  yvritten,  it  will  be  found  to  be  no 
exception. 

The  latter  half  of  the  last  centugv,  which 
was  so  rich  in  scientific  discovery',  saw'  the 
first  recognition  of  the  fact  that  w'hen  steam  is 
passed  through  red-hot  carbon  in  any  of  its 
many  form.s,  an  inflammable  gas  is  produced. 
This  discovery  is  generally  attributed  to 
Fontana,  and  the  fact  was  certainly'-  well 
know'n  to  Lavoisier  and  the  brilliant  band  of 
scientists  w'hose  labours  will  ever  render  this 
period  one  of  the  most  notable  in  scientific 
history,  but  it  was  not  until  1824  that  any 
attempt  was  made  to  adopt  the  action  to 
commercial  requirements.  In  this  y’ear  Mr. 
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Ibbetson  conceived  the  idea  that  the  volume 
of  illuminating  gas  could  be  largely  increased 
by  passing  steam  through  the  hot  coke  left  in 
the  retorts  after  the  carbonisation  of  the  coal 
had  been  completed,  the  gas  so  produced 
passing  on  and  mingling  with  the  coal  gas. 

It  was  soon  found,  however,  that  the  tem- 
perature of  the  carbonaceous  matter  was  too 
low,  and  that  the  large  quantities  of  carbon 
dioxide  produced  utterly  ruined  the  illuminating 
power  of  the  coal  gas,  and  although  Ibbetson’ s 
idea  has  been  patented  many  times  since  that 
date,  the  same  cause  has  always  led,  and  must 
always  lead,  to  failure. 

The  reason  for  this  is  that  at  a high  tem- 
perature the  action  of  the  steam  upon  the 
carbon  is  to  yield  a mixture  of  equal  volumes 
of  carbon  monoxide  and  hydrogen,  both  in- 
flammable gases,  whilst  the  action  which 
decomposes  the  steam  also  rapidly  reduces 
the  temperature  of  the  carbon,  and  the  moment 
this  falls  below  a certain  point,  if  the  quantity 
of  steam  be  kept  constant,  carbon  dioxide 
begins  to  appear  in  the  place  of  carbon 
monoxide,  and  as  this  gas  is  the  most  fatal 
of  any  known  gas  to  the  development  of  light 
in  flames  which  owe  their  luminosity  to  the 
separation  of  carbon  particles,  its  presence 
in  any  large  quantity  must  of  necessity  ruin 
the  quality  of  the  coal  gas  with  which  it  is 
mixed. 

The  value  of  water  gas  for  all  purposes 
depends  upon  the  carbon  dioxide  being  kept 
down  to  the  lowest  limits  commercially  pos- 
sible, and  its  average  composition  may  be 


taken  as : — 

Hydrogen  51*89 

Carbon  monoxide 40-08 

Carbon  dioxide ■.  4-80 

Methane o-io 

Nitrogen 3-13 


100-00 

The  figures  given  being  the  average  of  many 
analyses. 

Six  years  after  Ibbetson’ s experiment,  Mr. 
Donovan  attempted  to  make  carburetted  water 
gas  as  a substitute  for  coal  gas,  and  did  so  by 
passing  steam  through  coke  heated  to  a high 
temperature  in  a retort,  and  passing  the  result- 
ing water  gas  into  a second  chamber,  where  it 
was  brought  into  contact  with  crude  hydro- 
carbons, such  as  tar  or  naphthalene.  Failure 
attended  this  attempt,  and  also  many  others 
which  were  made  during  the  next  twenty  years, 
but  in  1849  another  important  step  towards 
success  was  made  by  Gillard,  who  at  Narbonne 


introduced  a sort  of  cupola  furnace  for  the 
manufacture  of  water  gas,  and  adopted  the 
entirely  new  idea  of  raising  the  temperature  of 
his  carbonaceous  fuel  by  blasting  it  with  air 
instead  of  heating  it  in  a retort  fired  from 
w'ithout,  and  having  raised  the  fuel  to  incan- 
descence by  his  air  blast,  he  then  shut  off  the 
air  and  passed  steam  through  the  fuel,  until 
the  temperature  was  so  reduced  as  to  neces- 
sitate a fresh  blowing  up  by  air,  and  it  is  this 
method  of  “blow  and  run’’  which  has  since 
been  employed  in  all  the  water-gas  processes 
which  have  had  any  claims  to  success. 

After  Gillard’ s time  numerous  other  attempts 
were  made  to  introduce  water-gas  processes, 
but  nothing  of  importance  was  done  until  1875, 
when  Lowe  and  Tessie  du  Mothay  in  America 
inaugurated  the  present  carburetted  water-gas 
systems,  wLich  are  now  as  genuine  a success 
here  as  in  the  land  of  their  birth. 

Fuel  gas  had  long  been  used  in  many 
metallurgical  operations,  and  had  been  pro- 
duced in  various  forms  of  apparatus  by  blow- 
ing air  through  a bed  of  incandescent  fuel,  an 
operation  which  yielded  an  impure  mixture  of 
carbon  monoxide  w-ith  the  residual  nitrogen 
from  the  air,  having  the  average  composition — 


Nitrogen  64-5 

Carbon  monoxide  29-0 

Carbon  dioxide 4-0 

Hydrogen 2-5 


But  as  this  usually  contained  only  some  30  per 
cent,  of  combustible  matter,  its  heating  power 
was  very  low,  and  attempts  had  been  made  to 
improve  its  composition  by  using  soft  coal 
instead  of  coke,  or  b}^  mixing  a little  steam 
with  the  air  before  passing  it  into  the  fuel. 

It  was  not  unnatural,  therefore,  that  as 
processes  for  the  production  of  water  gas 
appeared  to  be  nearing  a commercial  status 
of  success,  attempts  should  be  made  to  utilise 
this  valuable  heating  gas  for  fuel  purpos-es,  as 
by  its  aid  great  intensity  of  heat  could  be 
obtained,  its  heating  value  being  four  times  as 
great  as  the  air-coke  fuel  gas,  and  from  two  or 
three  times  as  great  as  the  improved  fuel 
gases. 

With  this  object  in  view,  several  Continental 
works  set  up  plant  on  the  “ blow  and  run  ” 
principle,  the  most  successful  being  the  form 
adopted  by  Messrs.  Schultz  Knaudt  and  Com- 
pany at  Essen,  wFo  employ  the  gas  largely 
and  successfully  for  welding  tubular  boilers 
and  lighting  by  incandescent  devices. 

The  form  of  apparatus  installed  by  them, 
which  is  still  in  use,  consists  of  what  is 
practically  a cupola  furnace  lined  with  fire- 
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brick  and  with  a constriction  a short  distance 
above  the  hearth,  the  firebrick  being-  protected 
at  this  point  by  a water-cooled  ring,  the  usual 
size  of  the  generator  being  about  20  feet  in 
height  and  7 feet  in  diameter.  An  air  blast  is 
admitted  below  the  water-cooled  ring,  and  by 
blasting  for  about  10  minutes,  the  ignited  fuel  is 
raised  to  incandescence.  The  air  blast  is  then 
cut  off,  steam  is  admitted  above  the  top  of 
the  fuel,  and  passing  down  through  it  becomes 
converted  into  water  gas  which  escapes  by  the 
same  opening  as  that  through  which  the  air 
blast  was  admitted,  thisbeing  opened  and  closed 
by  means  of  a water-cooled  valve  slide  of  such 
construction  that  it  is  impossible  for  any  explo- 
sive mixture  of  water  gas  and  air  to  be  formed. 
The  water  gas  passes  on  to  the  the  puri- 
fiers, which  remove  sulphuretted  hydrogen  and 
carbon  dioxide,  and  the  gas  is  then  stored  in 
the  gas  holders.  The  fuel  is  fed  into  the  gene- 
rator by  means  of  an  orifice  at  the  top,  which  is 
closed  by  a cone  ; the  whole  of  the  steam,  air 
and  water-gas  pipes  being  governed  by  an 
arrangement  which  renders  any  explosive  mix- 
ture impossible. 

Hearing  of  the  success  of  this  installation, 
Mr.  Samson  Fox,  after  having  the  process  in- 
vestigated, acquired  the  British  rights  to  the 
patents  covering  this  and  the  other  processes 
then  in  use,  and  erected  an  installation  at  the 
Leeds  Forge,  in  1887,  which  was  started  in 
1888,  and  proved  as  successful  for  the  par- 
ticular class  of  work  done  there  as  it  had  been 
at  Essen.  This  was  followed  by  the  exploitation 
of  water  gas,  and  the  events  of  1889  in  connec- 
tion with  it,  but  any  chance  which  water  gas  had 
of  being  made  a general  success  was  entirely 
swamped  by  the  public  disgust  at  the  jobbery  in 
connection  with  the  floatation  of  the  water-gas 
companies,  and  this  feeling  being  accentuated 
by  a deplorable  accident  at  the  Leeds  Forge 
consequent  on  a leakage  of  the  highly  poisonous 
gas,  this  chapter  in  its  history  ended  in  disas- 
trous failure  and  heavy  loss  to  the  public. 

In  the  meantime,  however,  events  in  the 
gas  world  had  gradually  been  opening  up  a 
field  for  carburetted  water  gas  as  an  auxiliary 
to  coal  gas,  and  the  price  to  which  the  cannel 
coal  used  for  the  enrichment  of  coal  gas  had 
risen  caused  the  gas  managers  of  this  country 
to  look  into  the  advances  which  carburetted 
water  gas  had  been  making  in  America,  and 
this  resulted  in  the  adoption  in  many  works  of 
the  gaseous  mixture  which  up  to  that  time  had 
been  looked  upon  as  a rival.  At  the  present 
moment  at  least  one-fifth  of  the  gas  supply  to 
London  north  of  the  Thames  consists  of  car- 


buretted water  gas,  whilst  many  of  the  large 
towns  in  the  Midlands  have  followed  the  lead 
of  the  metropolis,  and  at  the  present  time 
there  is  in  England  alone  plant  capable  of 
turning  out  over  70,000,000  cubic  feet  of  car- 
buretted water  gas  a day. 

The  prejudice  which  at  first  existed  against 
the  introduction  of  carburetted  water  gas  is 
gradually  growing  more  and  more  feeble,  and 
it  is  generally  recognised  that  when  used  with 
not  less  than  its  own  volume  of  coal  gas  the 
danger  of  poisoning  from  its  use  is  very  small, 
save  under  conditions  which  would  make  coal 
gas  itself  dangerous  to  life. 

At  this  point  it  will  be  well  to  consider  the 
economic  conditions  which  up  to  the  present 
have  prevented  pure  water  gas  from  coming 
into  general  use,  whilst  when  carburetted  it  has 
achieved  so  remarkable  a success. 

In  making  water  gas  by  such  processes  as 
those  employed  at  Essen  and  the  Leeds  Forge, 
fuel  in  the  cupola  is  first  raised  to  incandes- 
cence by  the  combustion  of  a portion  of  it 
under  the  influence  of  an  air  blast,  an  opera- 
tion giving  as  a gaseous  product  the  so-called 
air-coke  gas,  an  analysis  of  which  has  already 
been  given. 

Before  the  temperature  of  the  fuel  has  been 
raised  to  a sufficient  point  to  enable  1,000 
cubic  feet  of  water  gas  to  be  made  by  steam 
injection,  no  less  than  4,000  cubic  feet  of  this 
air-coke  or  producer  gas  has  to  be  formed, 
and  this  quantity  contains  over  44  lbs.  of 
carbon  taken  from  the , fuel  ; the  i ,000  cubic 
feet  of  water  gas  are  then  made  and  contain 
a little  over  15  lbs.  of  carbon,  so  that  the 
production  of  the  1,000  cubic  feet  of  water  gas 
means  an  expenditure  in  round  numbers  of 
60  lbs.  of  carbon. 

These  figures  are  calculated  from  the  analy- 
sis of  the  water  gas  and  producer  gas,  but 
they  are  amply  verified  by  the  fact  that  if  the 
percentage  of  carbon  in  the  coke  used  be 
taken  in  lbs.  per  ton  and  be  then  divided  by 
60,  you  will  obtain  figures  coming  within  a 
few  cubic  feet  either  way  of  the  actual  yield 
of  water  gas  obtained  from  the  particular 
quality  of  coke. 

What  that  means  is  shown  in  the  Table  on 
the  next  page. 

In  practice  results  of  several  years  work- 
ing give  an  average  of  34,000  cubic  feet  of 
water  gas  per  ton  of  coke. 

Some  observers  have  given  lower  figures 
than  these,  but  that  has  been  due  to  canal 
coke  forming  a large  proportion  of  the  fuel 
used,  and,  with  a dirty  and  very  crumbly  coke. 
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a longer  blow  has  to  be  made  in  order  to 
obtain  the  required  temperature. 


Percentage  of 
Carbon  in  Coke. 
Per  cent. 

Pounds  per  Ton. 

Water  Gas  from  a 
Ton  of  the  Coke. 
Cubic  feet. 

84 

1,859-2 

30,986 

85 

1,904 

31,733 

87 

1,948-8 

32,480 

90 

2,016 

33,600 

92 

2,060-8 

34.346 

95 

2,128 

35.466 

100 

2,240 

37,333 

A thousand  cubic  feet  of  water  gas  contains 
as  the  combustible  constituents — • 


Hydrogen 2-75  lbs. 

^Carbon  monoxide 30  lbs. 


and  the  thermal  value  will  be  represented  by 

(2'75  X 34.400)  + (30  X 2,400)  = 155,600  T.U. 

The  thermal  value,  however,  of  the  60  lbs.  of 
carbon  used  in  making  the  water  gas  would  be 

8,080  X 60  = 484,800. 

In  other  words,  the  water  gas  formed  has  only 
a little  over  34  per  cent,  of  the  heating  value  of 
the  carbon  from  which  it  has  been  formed,  and 
this  loss  of  over  65  per  cent,  of  the  calorific 
value  has  rendered  the  use  of  water  gas,  save 
for  special  purposes,  impossible. 

Where,  however,  the  air-coke  or  producer 
gas  can  be  at  once  led  away,  and  burnt  whilst 
hot  for  any  purpose,  another  223,328  thermal 
anits  will  be  produced,  bringing  the  total 
calorific  value  of  the  two  gaseous  mixtures 
ap  to  80  per  cent,  of  the  value  of  the  carbon 
used  in  generating  them. 

If  these  conditions  could  have  been  satisfied, 
there  is  no  doubt  that  water  gas  would  have 
been  highly  successful,  but  inasmuch  as  the 
producer  gas  is  four  times  greater  in  volume 
than  the  water  gas  made,  and  as  the  gases  are 
produced  intermittently  and  not  continuously, 
the  problem  of  utilising  both  of  them  was  an 
almost  insurmountable  difficulty,  as  if  storage 
had  been  provided  for  the  producer  gas,  the 
gas-holder  room  required  would  have  been 
enormous,  whilst  allowing  it  to  cool  down 
would  have  rendered  it  hardly  worth  burning. 
In  some  few  installations,  a portion  of  the 
producer  gas  has  been  successfully  used  in 
firing  boilers  and  other  work  of  the  same 
character,  but  the  difficulties  before  enumerated 

''  Although  15  lbs.  of  carbon  are  present  in  the  water  gas, 
some  of  this  is  in  the  form  of  carbon  dioxide. 
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have  been  so  great  that  they  practically  killed 
the  general  utilisation  of  water  gas  for  fuel 
purposes. 

When  the  manufacture  of  carburetted  water 
gas  was  first  successfully  carried  out  by  Lowe 
and  Tessie  du  Mothay,  it  became  at  once  appa- 
rent that  the  producer  gas,  the  loss  of  which 
had  crippled  all  water-gas  processes,  could  be 
utilised  for  raising  chambers  filled  with  chequer- 
brickwork  to  a high  temperature  in  order  to 
decompose  the  oils  to  yield  the  oil  gas  which, 
mixed  with  the  water  gas,  rendered  the  water 
gas  luminous  ; and  it  was  in  this  way,  by 
making  the  carburetted  water  - gas  plant  a 
perfect  heat  machine,  that  its  greatest  success 
was  achieved,  as  in  raising  the  fuel  to  incan- 
descence the  producer  gas,  with  all  its  heat  in 
it,  was  at  once  burnt  with  a fresh  supply  of  air 
in  the  superheating  chambers,  the  practical 
loss  of  heat  taking  place  throughout  the  whole 
apparatus  being  reduced  to  a minimum. 

In  England  at  the  present  time  the  apparatus 
used  for  the  manufacture  of  carburetted  water 
gas  is  made  on  what  is  known  as  the  “Im- 
proved Lowe  System,”  or  a modification  of  it. 
The  apparatus  consists  of  a firebrick-lined 
generator,  connected  both  and  below  the  fuel 
bed  with  the  top  of  the  carburetter,  which  is 
also  lined  with  firebrick,  the  bottom  of  which  is 
connected  laterally  with  the  adjoining  super- 
heater. The  carburetting  and  superheating 
chambers  are  filled  with  a chequer-work  of 
brick,  and  at  the  top  of  the  superheater  is  a 
valve  for  giving  exit  to  the  products  of  the 
blasting.  During  the  “run”  this  valve  is 
closed,  and  the  carburetted  water  gas  is  sent 
on  to  the  scrubbers  and  purifiers  by  a 
side  pipe.  The  oil  used  for  carburetting  the 
gas,  is  usually  that  known  as  the  Russian 
“solar  distillate;”  after  having  been  heated  by 
waste  gases  from  the  superheater,  it  is  led  into 
the  carburetter,  where  it  is  introduced  in  the 
form  of  an  atomised  spray  at  right  angles  to 
the  cross-section  of  the  carburetter. 

The  method  of  working  is  as  follows.  An 
air  blast  is  forced  through  the  fuel  in  the  gene- 
rator, raising  it  to  incandescence,  whilst  the 
products  pass  on  through  the  carburetter  and 
superheater,  and,  meeting  a regulated  air 
supply,  are  burnt  off  and  heat  up  the  chequer- 
brickwork,  after  which  the  products  of  com- 
bustion are  allowed  to  escape  into  the  chimney 
stack.  When  the  fuel  is  properly  incandescent, 
and  the  superheater  and  carburetter  at  the  re- 
quired temperature,  the  air  blast  is  shut  off,  the 
exit  valve  in  the  carburetter  closed,  and  steam 
admitted  over  or  under  the  fuel  bed.  The  result- 
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ing  water  gas  passes  to  the  carburetter,  where  it 
meets  with  the  oil  gas  produced  by  the  oil 
heated  in  the  chequer-work,  and  travels  on  to 
the  condensers  and  scrubbers.  After  a time 
the  temperature  of  the  fuel  in  the  generator 
falls,  when  the  steam  is  cut  off,  and  the  fuel  is 
again  rendered  incandescent  by  the  air  blast. 

This  form  of  apparatus,  and  all  allied  ones, 
for  making  carburetted  water  gas,  have  given 
the  onl}^  marked  success  for  the  commercial 
utilisation  of  this  gas,  and  this  success  must 
be  put  down  to  the  doing  away  of  the  enormous 
loss  which,  owing  to  the  waste  of  the  producer 
gas,  the  other  processes  necessitated. 

In  all  the  attempts  to  make  water  gas 
which  had  seen  the  light  up  to  last  year, 
the  raising  of  the  fuel  to  incandescence  has 
practically  always  been  obtained  by  using  the 
air  blast  in  so  deep  a bed  of  fuel  that  the 
carbon  monoxide  and  residual  nitrogen  of  the 
air  formed  the  chief  resultant  products,  and  it 
must  be  remembered  that  when  i lb.  of  carbon 
combines  with  oxygen  to  form  carbon  monoxide, 
as  when  forming  producer  gas,  only  2,400  heat- 
units  are  developed,  whilst  if  air  be  present  in 
sufficient  quantity  to  burn  the  carbon  direct  to 
carbon  dioxide,  the  amount  of  heat  which  is 
evolved  is  3-37  times  as  great,  that  is,  i lb.  of 
carbon  gives  8,080  heat-units.  A process  for 
making  water  gas  has  been  devised  by  Mr. 
Carl  Dellwik,  in  which  this  fact  is  utilised  by 
the  adjustment  of  the  air  supply,  and  by 
keeping  the  level  of  the  incandescent  fuel  in 
the  generator  at  a constant  height. 

Under  these  conditions,  the  producer  gas 
ceases  to  exist  as  a bye-product,  and  the  pro- 
ducts of  the  blow  consist  merely  of  the  ordinary 
noncombustible  products  of  complete  combus- 
tion, carbon  dioxide  and  nitrogen,  the  result 
being  that  double  the  quantity  of  water  gas  can 
be  made  per  pound  of  fuel  than  was  before 
possible,  and  the  extra  heat  generated  mini- 
mises the  period  of  blowing,  and  enables  runs 
or  times  of  steaming  to  be  continued  far  longer 
than  has  been  possible  before. 

In  the  old  “ European  ” process  it  was  neces- 
sary to  blow  for  nearly  ten  minutes  to  bring  the 
fuel  bed  up  to  the  right  temperature,  whilst  the 
period  during  which  the  incandescence  was 
sufficiently  great  to  decompose  the  whole  of  the 
volume  of  steam  used,  limited  steaming  to 
from  four  to  five  minutes,  whereas  in  the 
Dellwik  process  the  period  of  blowing  rarely 
exceeds  two  minutes,  and  it  is  possible  to  steam 
for  from  seven  to  ten,  according  to  the  condi- 
tion of  the  fuel. 

When  I first  examined  this  process,  my  pre 


vious  experience  in  water-gas  making  led  me 
to  believe  that  this  pi^ocedure  must  inevitably 
form  a considerable  amount  of  carbon  dioxide, 
but  analysis  soon  showed  that  I was  mistaken 
in  this,  as  the  crude  gas  collected  in  the  holder 
proved,  on  analysis,  to  be  of  excellent  quality. 
The  following  analyses  of  samples  taken  at 
intervals  during  the  process  of  making  bear 
this  out  : — 


1 

II. 

III. 

Hydrogen  

52-43 

50-09 

52-7^^ 

Carbon  monoxide  .... 

3^-30 

39-95 

37-5Q 

Carbon  dioxide  

473 

5-38 

4-08 

Oxygen  

074 

1-22 

0-46 

Nitrogen 

3-80 

3-3^^ 

5-20 

And  as  5 per  cent,  of  carbon  dioxide  in  the 
unpurified  gas  may  be  looked  upon  as  a fair 
average  when  using  the  old  “ European  ” 
process,  these  results  are  distinctly  good.  In 
order  to  make  quite  sure  that  no  mistake  was 
being  made,  analyses  were  taken  during  a 
series  of  runs,  when  it  was  found  that  the 
average  came  out  at  4'58  per  cent.,  the  highest 
being  4*9  and  the  lowest  4^2. 

In  the  old  process,  it  is  found  that  for  the 
first  two  or  three  minutes,  whilst  the  tempera- 
ture of  the  fuel  is  very  high,  the  reaction  in  the 
generator  may  be  regarded  as  being — 

C -f  H,0  = CO  -b  H-2, 

but  as  the  temperature  of  the  fuel  gets  lower 
and  lower,  the  action  more  and  more  nearly 
approaches  to — ■ 

C -f  2H.O  = COo  -b  2H2. 

Experiments,  however,  show  this  second 
equation  to  be  incorrect  under  the  condi- 
tions existing  in  generators.  The  first  pro- 
duct of  the  decomposition  of  the  steam  by  the 
carbon  is  in  every  case  carbon  monoxide  and 
hydrogen,  but  if  the  fuel  is  so  far  cooled  as 
only  to  admit  of  the  decomposition  of  a portion 
of  the  steam,  the  excess  of  steam  oxidises  the 
carbon  monoxide  into  carbon  dioxide,  and  the 
secret  of  the  low  carbon  dioxide  in  the  gas 
made  by  the  Dellwik  process,  in  spite  of  the 
long  period  of  steaming,  is  that  instead  of 
allowing  the  steam  to  blow  into  the  incan- 
descent fuel  in  large  volumes,  its  flow  is  so 
regulated  that  even  at  the  extreme  end  of  the 
run  there  shall  be  no  excess  of  steam  to  oxidise 
the  carbon  monoxide  to  dioxide. 

I made  an  exhaustive  series  of  tests  with  this 
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process  on  an  apparatus  in  use  atAVarstein, 
in  Westphalia,  and  found  that  the  completion 
of  combustion  during  the  period  of  blowing, 
claimed  by  the  inventor,  undoubtedly  took 
place,  as  is  shown  by  the  following  analyses 
made  of  the  products  of  combustion  given  otf 
during  a blow.  These  analyses  are  confirmed 
by  13  other  analyses  of  the  carbon  dioxide  in 
the  blow  gas,  which  yielded  from  i8*6  to  15*  i 
per  cent,  of  carbon  dioxide,  instead  of  the 
ordinary  5 to  6 found  in  the  “European” 
producer  gas. 


I. 

II. 

Carbon  dioxide 

17-9 

i8-8 

Carbon  monoxide 

1-8 

i-o 

Nitrogen 

CO 

6^ 

79-5 

Oxygen 

1-7 

07 

1000 

lOO-O 

The  introduction  of  this  new  process  would 
put  an  entirely  new  complexion  upon  the  value 
of  water  gas  for  fuel  purposes,  as  only  one  half 
the  weight  of  carbon  previously  employed  for 
making  the  gas  is  now  used,  and  instead  of 
having  only  some  40  per  cent,  of  the  heat 
energy  present  in  the  original  carbon  trans- 
ferred to  the  gas,  now  something  like  82  per 
cent,  of  the  heat  value  of  the  coke  used  in  both 
generator  and  steam  boiler  is  available  in  the 
gaseous  condition.  In  other  words,  it  is 
now  possible  to  make,  in  the  Dellwik  plant, 
70,000  cubic  feet  of  water  gas  from  a ton  of 
good  coke,  whilst  34,400  was  the  average 
make  by  previous  alternating  processes. 

Having  now  brought  the  history  of  the  water- 
gas  industry  down  to  the  present  time,  it  is 
possible  to  look  ahead  and  note  the  direction 
in  which  the  recent  developments  in  manufac- 
ture will  probably  influence  its  future. 

First  and  foremost,  it  will  be  well  to  consider 
how  far  it  is  possible  for  water  gas  to  aid  the 
coal-gas  industry  in  the  development  of  light, 
heat,  and  power. 

Until  ten  years  ago,  the  gas  manager  looked 
askance  at  water  gas  as  a possible  rival,  but  he 
now  freely  acknowledges  it  to  be  a valuable 
ally,  and,  although  the  price  of  cannel  coal  has 
fallen  again  well  below  the  figure  which  drove 
gas  managers  to  adopt  carburetted  water  gas  as 
an  enricher,  the  latter  has  such  enormous 
advantages  that  those  who  have  once  adopted 
it  are  not  likely  to  again  abandon  ii>s  use. 

The  great  cause  which  has  tended  to  check 
the  introduction  of  carburetted  water  gas  has 


been  the  alarm  felt  at  the  poisonous  properties 
of  the  carbon  monoxide  present  in  it,  but  the 
dangers  due  to  this  have  been  exaggerated, 
and  whilst  the  introduction  of  carburetted  water 
gas  alone  as  a town  supply  should  be  absolutely 
vetoed,  there  is  practically  no  danger  in  using 
it  as  an  enricher  when  it  is  mixed  with  any- 
thing over  its  own  volume  of  coal  gas. 

The  reason  for  this  is  as  follows. — Carbon 
monoxide  is  undoubtedly  one  of  the  most 
virulent  gaseous  poisons,  and  those  who 
attempt  to  minimise  the  danger  attending  its 
leakage  into  the  air  of  a dwelling-room  are 
really  defeating  the  cause  they  have  at  heart, 
as  it  is  only  by  fully  realising  this  fact  that 
it  becomes  possible  to  prevent  accidents  which 
would  utterly  condemn  its  use.  Pure  water 
gas,  as  has  been  shown,  contains,  approxi- 
mately, 40  per  cent,  of  carbon  monoxide,  but 
this  quantity  is  considerably  reduced  in  car- 
buretted water  gas  by  the  admixture  of  the  oil 
gas  which  gives  it  illuminating  value,  and  the 
following  analyses  of  carburetted  water  gas 
having  an  illuminated  value  of  between  22  and 
23  candles,  give  a good  idea  of  its  composi- 
tion : — 


Carburetted  AVater  Gas. 


I. 

II. 

III. 

Mean. 

Hydrogen  

40*22 

38-37 

39-72 

39-4+ 

Saturated  hydrocarbons 

i6'8o 

17-12 

16-72 

16-88 

Unsaturated  hydrocarbons... 

8-72 

8-66 

7-32 

8-23 

Carbon  monoxide 

28-74 

28-57 

29-78 

29-03 

Carbon  dioxide  

o'oo 

0*00 

0*00 

0*00 

Oxygen 

0-14 

0-38 

0-13 

0*21 

Nitrogen  

5-38 

6-90 

6-33 

6*20 

100-00 

lOO’OO 

100*00 

100*00 

From  this  it  will  be  seen  that  the  gaseous 
mixture  contains  approximately  30  per  cent,  of 
the  poisonous  monoxide,  wFilst  the  coal  gas, 
if  made  from  Durham  coal  as  is  the  case  in 
London,  contains  only  about  4 per  cent.  If 
now  a mixture  of  the  coal  gas  and  carburetted 
water  gas  in  equal  proportions  were  made,  it 
would  contain  17  per  cent,  of  the  monoxide,  if 
tv.o-thirds  were  coal  gas,  the  per-centage 
would  be  107,  whilst  one-fifth  of  carburetted 
water  gas  in  the  mixture  would  entail  9 per 
cent,  of  the  monoxide,  and  it  will  be  well  to 
now  discuss  what  would  be  the  limit  of  safety. 

The  breaking  of  a gas  main  near  the  base- 
ment of  a house  and  the  infiltration  of  large 
volumes  of  gas  into  the  house  itself,  the 
fall  of  a chandelier,  or  a serious  leakage 
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from  it  when  pulled  too  low,  or  the 
a.ccidental  cutting  into  a supply  pipe  in  a 
wall  would  all  give  leakage  of  a sufficiently 
serious  character  to  form  a poisonous  mixture, 
fatal  in  time  to  life  whether  the  escaping  gas 
were  coal  or  carburetted  water  gas,  and  the 
length  of  time  needed  to  bring  about  in- 
sensibility and  finally  death  would  probably 
be  inversely  proportional  to  the  per-centage 
of  carbon  monoxide  in  the  gas. 

Such  accidents  are,  however,  rare,  and  are 
not  the  ones  from  which  most  danger  is  to 
be  apprehended. 

The  smell  of  carburetted  water  gas  being 
even  more  penetrating  than  that  of  coal  gas, 
a leakage  becomes  apparent  to  the  nose  when 
the  air  contains  i of  gas  to  10,000  of  air,  a 
proportion  absolutely  without  action  on  health. 
From  this  it  follows  that  it  would  only  be 
during  sleep  that  the  leakage  of  a sufficient 
quantity  of  carburetted  water  gas  to  become 
dangerous  to  life  could  happen,  and  the  leak- 
age under  these  circumstances  would  only 
take  place  from  a person  going  to  sleep  with 
the  gas  burning  and  some  one  cutting  off  the 
gas  at  the  meter  and  then  turning  it  on  in  the 
early  morning,  or  by  the  more  likely  chance 
of  turning  off  the  gas-burner  and  accidentally 
turning  the  tap  on  again  either  through  a 
worn  stop  on  the  tap  or  catching  the  tap  in 
withdrawing  the  hand.  The  usual  chances 
of  leak  adduced,  however,  are  from  such  un- 
likely circumstances  as  the  gas  being  blown 
out,  an  extremely  difficult  thing  to  do,  or 
being  extinguished  by  collection  of  water  or 
naphthalene  in  the  supply  pipe,  or  by  an 
irregularity  in  the  working  of  the  meter. 

In  any  case,  the  amount  of  gas  escaping 
into  a room  under  these  conditions  will  on  an 
average  not  exceed  the  amount  passed  by  an 
ordinary  small  flat-flame  burner,  or  say,  6 
cubic  feet  per  hour. 

A small  bedroom  will  contain  about  1,000 
cubic  feet  of  air  space,  and  with  the  ordinary 
ventilating  arrangements  in  a room  of  this 
size,  and  containing  a fireplace,  a door,  and  a 
window,  the  two  latter  being  closed  and  no  fire 
in  the  grate,  the  whole  air  in  the  room  is 
probably  changed  twice  in  an  hour. 

The  data  as  to  the  per-centage  of  carbon 
monoxide  in  air,  which  is  dangerous  to  life, 
have  for  the  most  part  been  collected  from  the 
action  of  known  mixtures  upon  rabbits  and 
m.ice,  and  as  mice  are  very  susceptible  to  its 
action,  and  rabbits  are  very  little  affected  by 
it,  considerable  discrepancies  exist,  but  even 
if  this  were  not  so,  the  action  of  the  gas  on 


these  animals  by  no  means  necessarily 
indicates  the  action  on  man. 

Dr.  John  Haldane,  who  has  given  us  the  only 
data  of  practical  value  on  the  effects  of  carbon 
monoxide  on  life,  not  only  experimented  on 
mice,  but  also  tried  the  effect  on  himself,  and 
found  that  0*05  per  cent,  of  carbon  monoxide 
in  air  begins  to  have  an  appreciable  effect,  but 
can  be  inhaled  for  four  hours  without  marked 
symptoms,  and  for  all  practical  purposes, 
therefore  0^05  per  cent,  may  be  taken  as  the 
margin  of  safety.  It  will  probably  be  urged 
that  a larger  proportion  will  probably  do  but 
little  radical  harm  ; indeed  it  is  quite  possible 
to  breathe  air  containing  o*i  per  cent,  fora 
considerable  period  without  danger,  but  it  must 
be  remembered  that  both  coal  gas  and  carbu- 
retted water  gas  contain  hydrocarbons,  the  toxic 
action  of  which  are  but  little  known,  and  when 
the  action  of  these  bodies  is  taken  in  con- 
junction with  the  effect  of  the  carbon  monoxide, 
the  limit  fixed  seems  a reasonable  one. 

If  gas  escapes  into  a room  having  a capacity 
of  1,000  cubic  feet,  at  the  rate  of  6 cubic  feet 
per  hour,  whilst  the  air  of  the  room  is  changed 
twice  in  the  hour,  then,  after  3 to  4 hours,  thfc 
per-centage  of  gas  will  rise  to  0'3  per  cent., 
and  the  rate  of  leakage  and  of  removal  by  the 
changing  of  the  air  will  become  constant,  and 
the  per-centage  of  gas  will  not  rise  above  that 
point  however  long  the  leakage  may  continue. 

It  has  been  shown  that  '05  of  carbon 
monoxide  may  be  inhaled  for  4 hours  without 
dangerous  symptoms,  and  this  amount  of 
carbon  monoxide  will  be  present  if  it  consti- 
tutes one-sixth  or  i6-6  per  cent,  of  the  mixture. 

Approximately,  this  composition  is  arrived 
at  with  a mixture  of  one-half  coal  gas  and  one- 
half  carburetted  water  gas,  and  it  should  be 
clearly  understood  that  this  proportion  should 
not  be  exceeded. 

The  figures  are  given  for  coal  gas  of  the 
quality  and  composition  of  that  made  in 
London,  but  it  must  be  remembered  that  the 
carbon  monoxide  in  the  coal  gas  varies  with 
the  oxygen  present  in  the  coal  carbonised,  and 
although  London  gas  made  from  Durham  coal 
only  contains  from  3 to  4 per  cent,  of  this 
gaseous  bugbear,  Edinburgh  gas  contains  an 
initial  per-centage  amounting  to  from  10  to  ii 
per  cent.,  and  the  amount  of  carburetted  water 
gas  which  can  with  safety  be  mixed  with  the 
town  supply,  will  vary  with  the  local  factors  of 
composition,  and  the  mixture  sent  out  must 
be  so  regulated  that  the  earbon  monoxide 
shall  not  exceed  a maximum  of  16  per  cent. 

In  such  a calculation  the  weak  point  is, 
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of  course,  the  rate  at  which  the  air  in  the 
room  is  changed,  which  will  vary  greatly  with 
differences  in  atmospheric  conditions,  but  the 
presence  of  a living  being  in  the  room  will 
always  tend  to  raise  the  temperature  in  the 
room,  and  so  promote  change  with  the  exter- 
nal air. 

Moreover,  the  density  of  the  gaseous  mix- 
ture being  only  one-half  that  of  the  air,  it  is 
probable  that  for  a considerable  period  the 
air  nearest  the  ceiling  would  contain  most  of 
the  gas,  and  that  it  would  take  some  time  for 
the  mixture  to  become  equal  throughout  the 
room. 

The  question  arises,  is  carburetted  water 
gas  an  accumulative  poison,  z.e.,  can  it  be 
inhaled  in  small  quantities,  and  be  retained 
in  the  system  day  by  day  until  health  is  under- 
mined ? 

In  the  continuous  breathing  of  small  per- 
centages of  carbon  monoxide  this  might  be 
the  case,  but  if  there  is  any  change  of  locale 
it  would  be  practically  impossible.  A person 
sleeping  in  a room  with  a leaky  gas-fitting 
might  each  night  take  into  his  system  a small 
trace  of  the  gas,  but  in  his  out-door  life  in 
the  day-time  this  trace  would  be  eliminated, 
SD  that  unless  confined  to  one  apartment 
fjr  a very  long  period  no  such  action  would 
be  likely  to  happen.  In  my  experience,  men 
exposed  to  this  gas  in  working  producers,  &c.. 
soon  get  used  to  its  etfects  and  show  no  loss 
in  health. 

In  most  of  London  north  of  the  Thames, 
including  the  City,  the  per-centiage  of  carbon 
monoxide  in  the  gas  supply  has  varied  during 
the  past  few  years  from  7 to  10  per  cent.,  and 
once  it  was  found  as  high  as  12,  but  the 
following  tests  taken  lately  give  a fair  idea  of 
the  average  present — 


Date 

1898. 

Per-centag-e  of 
Carbon  Monoixde. 

February  14  . . . . 

8-82 

,, 

21  

777 

March 

24  . . . . 

8-57 

28  .... 

7-94 

?> 

30  • . • . 

8-40 

5 ’ 

31 

8-33 

April 

13 

8-59 

21  

7-47 

28  .... 

9-03 

3> 

29  ..  . . 

775 

And  when  it  is  considered  that  this  is  below  the 
quantity  present  in  many  pure  coal  gas  sup- 
plies distributed  in  the  North  of  England,  it  is 
at  once  evident  that  there  is  nothing  to  take 
exception  to  in  the  London  supply,  and  there 


is  no  doubt  but  that  in  the  future  the  use  of 
carburetted  water  gas  as  an  auxiliary  to  coal 
gas  will  become  universal  in  works  of  sufficient 
size  to  make  its  manufacture  economical. 

An  even  greater  development  will,  however, 
probably  be  found  during  the  next  ten  years  in 
the  use  of  pure  water  gas  for  outdoor  illumina- 
tion by  means  of  incandescent  mantles,  and 
for  the  generation  of  power  by  means  of  suit- 
able gas  motors. 

The  successful  introduction  of  water  gas  for 
these  purposes  entirely  depends  upon  the  cost 
of  production,  and  whereas  under  the  European 
system  the  water  gas  cost  from  qd.  to  6d.  a 
thousand,  according  to  the  size  of  the  installa- 
tion and  the  price  of  fuel,  the  price  could  now 
be  reduced,  on  a large  installation  of  the 
Dellwik  plant,  to  below  3d.,  the  items  of  cost 
being  approximately  as  follows: — 

Pence 

per  1,000  cubic  feet. 


Coke  at  9s.  per  ton 1*50 

Gas  maker ‘23 

Engine  driver  and  boiler  man. . . . "23 

Coke  man '17 

Purifying *15 

Wear  and  tear *io 

Interest "20 

Water ‘lo 

Oil,  waste,  &c *07 


2-75 

These  figures  could,  of  course,  only  be 
obtained  in  constant  working,  and  on  a large 
scale,  but,  for  the  sake  of  comparison,  we  will 
take  water  gas  in  the  holder  as  having  cost  3d. 
per  1,000,  whilst  coal  gas  under  the  same 
conditions  would  cost  is.  to  is.  3d. 

When  attempts  were  first  made  to  introduce 
water  gas  for  illuminating  purposes,  it  was 
used  in  conjunction  with  the  Fahnjelm 
magnesia  comb,  which  gives  a light  of  4*5 
candles  per  cubic  feet  of  gas  consumed,  this 
duty,  however,  falling  as  the  comb  gradually 
burns  away,  its  average  life  being  not  much 
over  100  hours. 

Great  as  was  the  gain  when  used  in  this 
way  over  the  light  obtainable  from  a flat-flame 
burner  with  coal  gas,  it  has  been  entirely 
eclipsed  by  the  brilliancy  of  the  modern 
incandescent  mantle. 

For  use  with  this,  the  water  gas  has  to  be 
freed  from  the  gaseous  compound  of  carbon 
monoxide  and  iron,  which  it  nearly  always 
contains,  and  which,  during  combustion,  would 
deposit  oxide  of  iron  on  the  mantle  and  quickly 
reduce  its  light-giving  power. 
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The  combustion  of  water  gas  only  develops 
half  the  thermal  value  that  is  to  be  obtained 
from  an  equal  volume  of  coal  gas,  and  many 
theorists  imagine  from  this  that  its  power  of 
developing  light  from  a mantle  would  be  less 
in  the  same  ratio.  This,  however,  is  an  error, 
as  the  gas  being  non-luminous,  is  burnt  at  a 
burner  of  the  Argand  type  without  previous 
admixture  with  air,  and  giving  a very  intense 
combustion  on  the  surface  of  the  mantle  where 
the  gas  and  air  meet,  develops  a higher 
Tlluminating  value  than  could  be  got  from  coal 
gas  in  an  atmospheric  burner.  The  mantles 
used  for  water  gas  on  the  Continent  are  made 
of  the  Auer  mixture  of  99  per  cent,  thoria  and 
I per  cent,  ceria,  but  the  mesh  is  larger  and 
thicker  than  with  the  ordinary  mantle,  and 
with  a consumption  of  7 cubic  feet  of  water 
gas  at  eight-tenths  pressure,  I have  obtained 
1137  candles  illumination,  or  19-8  candles  per 
foot,  and  for  lighting  streets,  squares,  or  large 
buildings,  water  gas  could  be  perfectly  well 
used,  and  would  give  the  light  at  a price 
impossible  to  equal  by  any  other  means. 

An  even  larger  field,  however,  is  to  be  found 
in  the  development  of  power  by  water-gas 
engines. 

The  gas-engine  is  hardly  perfected  for  coal 
gas  and  wants  several  alterations  before  it  is 
properly  adjusted  for  water  gas,  yet  with  all 
its  imperfections  a consumption  of  44  cubic 
feet  gives  a brake  horse-power  per  hour,  or  a 
cost  of  O' 1 2d.  per  brake  horse-power,  and  this 
ss  being  rapidly  improved  on,  and  Messrs. 
Crossley  state  that  the  engines  now  made 
would  use  nearly  40  per  cent,  less  gas  for  the 
same  result. 

If  this  be  so,  the  importance  of  water  gas 
for  the  development  of  electric  power,  either 
for  lighting  or  for  the  manufacture  of  calcic 
carbide,  aluminium,  &c.,  at  once  becomes 
manifest,  as  the  cost  of  production  would  be 
only  one-fourth  of  that  entailed  by  the  use  of 
steam  power,  and  if  the  installations  were  at 
the  gas  works  and  the  red-hot  coke  run  direct 
from  the  retorts  to  the  generators,  a still 
greater  saving  could  be  effected.  Where 
Corporations  have  the  control  both  of  the 
gas  works  and  also  the  electric  lighting  of 
a town,  the  generation  of  current  by  means  of 
water  gas  generated  from  their  coke  by  means 
of  a Dellwik  plant,  would  not  only  give 
electrical  power  at  a price  far  below  that  a 
which  it  is  obtainable  by  other  means,  but  would 
also  keep  up  the  price  of  the  coke.  These  are 
two  only  of  the  many  applications  for  which 
the  cheapened  water  gas  would  be  available, 


whilst  in  metallurgy,  glass  making,  and  for 
kiln  firing,  an  endless  field  should  be  open, 
and  we  shall  yet  see  water  gas  purged  of  its 
past  offences  and  playing  an  important  part 
in  the  march  of  civilisation. 


DISCUSSION. 

The  Chairman  said  the  paper,  as  usual  with 
Professor  Lewes,  contained  much  that  was  new,  but 
to  him  the  most  interesting  part  of  it  was  that  which 
dealt  with  the  more  or  less  dangerous  character  of  the 
gas,  on  account  of  the  per-centage  of  carbon  mon- 
oxide it  contained.  It  occurred  to  him  that  after  all 
gas  was  made  to  burn  and  not  to  breathe,  and  if  the 
sense  that  there  was  greater  danger  about  inhaling 
carburetted  water  gas  led  consumers  to  pay  more 
attention  to  their  fittings  and  so  prevent  leakages,  that 
would  be  an  advantage,  whether  they  continued  to 
use  water  gas  or  returned  to  coal  gas  only.  While  in 
the  United  States  he  made  eveiy  inquiry  amongst  his 
friends,  many  of  whom  were  at  that  time  strongly 
opposed  to  the  new  gas,  as  to  what  had  been  the 
effect  in  towns  where  water  gas  was  used  either 
exclusively  or  partially,  and  he  was  assured  by 
every  one  that  so  far  as  they  had  been  able  to 
ascertain  there  was  not  one  case  in  which  it  could 
be  said  that  poisoning  or  suffocation  had  taken 
place  because  of  the  presence  of  a greater  or  less  per- 
centage of  carbon  monoxide,  but  that  where  there 
had  been  any  fatal  result,  it  would  have  happened 
equally,  whether  the  gas  had  been  ordinary  coal  gas, 
carburetted  water  gas,  or  a mixture  of  the  two. 
Professor  Lewes  had  given  an  interesting  calculation 
as  to  the  per-centage  of  carbon  monoxide,  which 
would  be  accumulated  in  a room  of  a certain  size, 
assuming  the  gas  to  continue  to  escape  for  an 
indefinite  period.  It  was  rather  a small  room,  and  if 
it  had  been  larger,  of  course  the  per-centage  would 
have  been  less,  but  he  felt  quite  sure  that  if  anyone 
went  to  sleep  in  a room,  with  a gas  burner  delivering 
6 cubic  feet  per  hour  of  gas  made  by  any  gas  company 
in  the  kingdom,  without  any  water  gas  in  it  at  all,  the 
condition  in  which  he  woke  in  the  morning — if  he 
woke  at  all — would  be  a very  uncomfortable 
one.  The  question  of  escapes  was  so  small 
a one,  that  it  weighed,  in  his  opinion,  ver}-  little 
in  comparison  with  the  undoubted  fact  that 
the  sanitary  results  of  burning  carburetted  water  gas 
was  less  objectionable  than  the  burning  of  ordinarv' 
coal  gas  ; the  proportion  of  sulphur  compounds 
remaining  in  the  gas  was  very  much  less,  the  quan- 
tity of  atmospheric  oxygen  required  to  support 
the  flame  much  smaller,  and  consequently  the 
generation  of  carbonic  r.cid  gas  Avas  less.  If  then 
the  results  of  the  legitimate  application  of  the  gas 
Avere  distinctly  to  the  advantage  of  the  consumer,  he 
thought  they  might,  Avith  eqmii’n’ty,  face  a certain 
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amount  of  additional  risk  from  inhaling  gas  escaping 
in  such  a manner  as  had  been  suggested. 

Mr.  Charles  Gandon  said  he  had  had  no  practical 
experience  of  water  gas,  but  there  were  one  or  two 
questions  he  should  like  to  put  to  Professor  Lewes. 
He  had  referred  to  the  producer  gas  formed  being 
used  to  heat  the  chambers  for  the  decomposition  of 
the  oil,  but  he  understood  that  in  the  Dellwik 
generator  carbonic  acid  was  principally  produced, 
not  carbon  monoxide,  and  he  should  like  to  know 
whether  that  was  equally  available  for  the  Super- 
heaters. He  was  also  at  a loss  to  understand  how 
that  generator  was  able  to  run  so  much  longer 
without  being  blown  up  with  air  than  the  other  ones 
where  there  was  so  much  deeper  body  of  fuel.  One 
would  think  a deeper  bed  of  incandescent  material 
would  last  longer  than  a shallow  one.  He  entirely 
agreed  that  the  bugbear  of  increased  danger  from  the 
use  of  water  gas  came  to  nothing  when  the  matter 
was  properly  considered. 

Mr.  J.  J.  Smith  asked  if  the  products  of  con- 
sumption in  the  case  of  water  gas  were  similar  to 
those  from  coal  gas,  or  if  a higher  per-centage  of 
carbon  monoxide  was  formed.  As  he  understood,  in 
blowing  up  the  furnace  carbon  monoxide  was  formed 
as  a waste  product : could  not  that  be  utilised  by 
burning  it  into  carbonic  acid  ? 

Professor  Lewes,  in  reply,  said  Mr.  Gandon  had 
raised  a point  of  considerable  practical  interest.  He 
asked  why  it  was  if  in  the  old-fashioned  method  of 
generating  by  blowing  up  so  as  to  get  producer  gas, 
you  utilised  that  producer  gas  straight  off,  and  so 
made  it  into  a perfect  heat-engine,  and  the  Dellwik 
generator  gave  off  no  producer  gas,  but  merely  the 
ordinary  products  of  combustion,  the  latter  could 
come  in  as  a competitor  in  carburetted  water-gas 
processes.  In  this  country  it  would  only  come  in  on 
rare  occasions  as  a competitor,  but  on  the  Continent, 
the  Dellwik  process  had  the  biggest  future  of  any 
generator  for  making  carburetted  water  gas.  There, 
water  gas  as  it  is  made  in  this  country  and  iri 
America,  was  practically  an  impossibility,  be- 
cause in  Germany,  France,  and  Belgium,  the 
price  of  oil,  owing  to  duties  and  other  factors, 
was  so  high  that  it  was  impossible  to  make 
carburetted  water  gas  to  compete  with  coal  gas,  by 
the  improved  Lowe  process  of  cracking  up  the  oil  in 
superheated  chambers  so  as  to  get  oil  gas  from  it. 
What  had  to  be  done  there  was  to  make  pure  water 
gas  and  carburet  that  by  the  products  which  the  gas 
manager  had  at  his  disposal.  Extended  experiments 
made  by  Bunte  and  other,  showed  that  benzole  was 
the  most  valuable  enricher,  and  that  was  used  by 
systems  much  akin  to  the  Maxwell-Clerk  type  for 
enrichment  on  the  Continent,  and  he  heard  within  the 
last  fortnight  two  of  the  biggest  towns  in  Germany 
were  adding  to  their  gas  supply  in  that  way,  large 
installations  on  the  Dellwik  principle  being  erected 


at  Konigsberg  and  Posen.  They  made  it  by  the 
Dellwik  generate!",  in  the  proportion  of  about  one- 
third  of  the  consumption,  and  having  mixed  it  with 
the  ordinary  coal  gas  they  passed  the  mixture  through 
benzole  enrichers  and  it  formed  an  excellent  illuminat- 
ing gas.  Therein  lay  the  difference  between  that  which 
was  possible  in  England,  and  that  which  was  possible 
where  they  do  not  get  cheap  oil.  The  Dellwik 
process  was  therefore  of  enormous  value  to  them. 
Here  it  had  very  small  value  for  such  purposes ; it 
would  only  have  a future  if  our  oil  supply  were  inter- 
fered with.  It  was  for  incandescent  mantles  in  open 
spaces,  for  motive  power,  for  obtaining  electricity, 
and  for  manufacturing  purposes,  such  as  glass-making, 
enamel-making,  and  things  of  that  kind,  that  it  really 
would  have  a future.  In  making  glass,  fuel  gas  made 
by  practically  the  Siemens  process  was  used,  and  in 
certain  parts  of  the  process,  where  they  required  a 
sharp  heat  to  get  the  glass  as  liquid  as  possible  in 
order  to  get  a rapid  clearing  of  the  little  bubbles 
which  were  fonned  in  it,  avater  gas  would  enable  them 
to  govern  the  heat  much  more  perfectly  than  at 
present.  It  would  also  be  useful  in  steel-making  and 
other  operations,  but  not  for  making  carburetted  water- 
gas.  With  regard  to  the  fuel  in  the  Dellwik  generator, 
it  was  kept  constant  by  the  slip  of  coke  in  the  inclined 
retorts,  and  by  using  a big  air  supply  which  was 
fairly  evenly  distributed  over  the  fuel.  It  was  thus 
heated  up  to  a very  high  temperature,  owing  to  the 
combustion  of  the  carbon  monoxide  in  the  fuel  itself, 
and  all  the  heat  was  left  in  the  one  chamber.  Then 
the  steam  was  admitted  at  a carefully  regulated  rate, 
which  would  not  give  an  excess  of  steam  for  oxidising 
the  already  formed  carbon  monoxide.  It  was  by  this 
regulation  of  the  air  and  steam  that  the  success  of  the 
apparatus  was  secured.  With  regard  to  the  products 
of  combustion,  water  gas,  pure  and  simple,  consisted 
of  carbon  monoxide  and  hydrogen  in  practically  equal 
proportions,  with  a few  impurities,  and  when  burned 
the  carbon  monoxide  was  converted  into  carbon 
dioxide,  and  hydrogen  into  water  vapour.  Complete 
combustion  in  a proper  burner  gave  practically 
no  carbon  monoxide  when  used  in  a mixture 
with  coal  gas  for  incandescent  mantles  or  gas 
flames,  there  was  practically  no  variation  in 
the  products  of  combustion.  Such  a mixture  was 
better  fitted  for  use  with  incandescent  mantles 
than  coal  gas  alone,  as  it  required  a slightly  lower 
proportion  of  air  for  complete  combustion,  and  there 
was  less  liability  to  blackening  the  mantle.  With 
regard  to  the  producer  gas  being  a waste  product,  he 
had  pointed  out  that  it  had  to  be  blown  away  owing 
to  its  only  being  formed  intermittently,  and  also 
because  the  amount  of  combustible  matter  in  it  was  so 
low  that  it  would  not  pay  for  storing.  In  some  cases 
it  had  been  used  successfully,  and  there  the  old  pro- 
cess was  a success.  He  had  seen  installations  in 
which  the  water  gas  was  made  in  large  quantities, 
and  the  producer  gas  being  of  course  four  times  the 
quantity,  a certain  proportion  was  used  for  firing 
the  boilers  ; by  having  a number  of  generators 
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one  would  be  blowing  while  the  other  was  steaming, 
and  so  they  M ere  able  to  get  a fairly  constant  floM'. 
Under  these  conditions  you  could  use  it,  mixed  M’ith 
M'ater  gas,  for  making  Siemens-Martin  steel,  and  could 
also  utilise  it  in  burning  in  big  tubular  boilers,  and  then 
it  became  M'orth  making.  It  M as  that  loss  of  the  pro- 
ducer gas,  M’hich  M-as  a necessity  in  small  M-orks, 
Avhich  had  led  to  the  failure  of  M-ater  gas  made  by  the 
old  process,  and  that  objection  M’as  removed  by  the 
DellM'ik  process,  M’hich  M’ould  make  a success  for 
pure  M’ater  gas,  much  as  the  success  of  the  car- 
buretted  M ater  gas  had  been  attained  by  the  introduc- 
tion of  the  carburetting  process. 

Mr.  Richardson  said,  if  it  M-as  not  too  late,  he 
should  like  to  know  the  relative  explosive  properties 
of  coal  gas,  M’ater  gas,  and  M’ater  gas  as  enriched  on 
the  Continent  M’ith  benzole. 

Professor  Leaves  said  the  effect  of  an  explosion 
Avith  the  ordinary  mixture  Avould  be  as  nearly  as 
possible  the  same  as  Avith  coal  gas ; Avith  pure  Avater 
gas  it  Avould  be  considerably  less.  In  all  probability 
the  explosive  poAver  Avould  be  rather  greater  Avith 
AA'ater  gas  carburetted  Avith  benzole,  as  Avas  done  in 
Gennany,  than  Avith  carburetted  Avater  gas  made  by 
perfect  cracking  of  oil. 

The  Chairman,  in  proposing  a A’ote  of  thanks  to 
Professor  LeAA’es,  said  feAv  men  possessed  so  fully 
the  faculty  of  making  not  only  clear  but  interesting, 
Avhat  in  some  hands  Avould  be  a dull  subject.  He 
might  say  that  in  spite  of  the  effect  of  duties,  and  so 
forth,  Avhich  caused  mineral  oil  to  be  vei7  dear  on  the 
Continent,  the  process  Avhich  had  been  described  AA’as 
already  in  use  in  Germany,  Belgium,  Holland,  and 
Denmark,  and  its  extension  in  Gennany  Avas  simply  a 
question  of  time,  because  there  \A-as,  fortunately,  a 
fair  supply  of  shale  and  other  oils  Avhich  Avould  be 
free  from  duty. 

The  vote  of  thanks  AA’as  carried  unanimously,  and 
the  meeting  adjourned. 


Miscellaneous. 


THE  “GOTHENBURG  SYSTEM"  AND  THE 
SALE  OF  SPIRITS  IN  SHE  DEN 
The  scheme  for  regulating  the  sale  of  spirits,  Avhich 
originated  at  Marstrand,  but  Avhich  is  commonly 
knoAA’n  as  the  “Gothenburg  system,”  began  about 
1865  Gothenburg,  and  in  1877  in  Stockholm.  The 
theory  of  the  Gothenburg  system  is  the  transference 
by  the  local  authorities  of  the  public  house  licenses  to 
a company,  AA’ho  after  taking  6 per  cent,  as  interest  on 
the  capital  invested,  and  afterpayment  of  the  expenses 


of  management,  hand  oA  er  the  balance  of  profit  to  the 
city  or  communal  authorities.  It  must  be  borne  in 
mind  that  the  Gothenburg  system  only  affects  the  sale 
of  spirits  and  not  beer,  Avhich  according  to  Mr.  Arthur 
Herbert,  Secretary  of  H.M.  Legation  at  Stockholm, 
is  A’ery  good  in  SAA’eden  but  of  Ioav  alcoholic 
strength.  The  keynote  of  the  Avhole  system  is  that 
neither  shareholders  nor  j:>ersons  engaged  as  managers 
should  derive  any  jwofit  from  sale  beyond  a fixed  per- 
centage on  the  capital  invested.  The  company  bought 
up  the  public  house  licenses,  granting  in  return  fixed 
annuities  to  the  oAvners,  but  the  licenses  were  not 
those  of  “ tied  ” houses,  which  Avouhl  make  it  much 
easier  to  hold  out,  and  thus  artificially  force  up  the 
price  of  the  license.  This  involved  in  Stockholm  the 
annual  payment  of  about  £'j,ooo  as  annuities.  The 
first  use  the  company  made  of  their  monopoly  in 
.Stockholm  Avas  at  once  to  reduce  the  number  of  public 
houses  by  half,  and  the  sanitar}’  and  general  condition 
of  the  others  was  greatly  improved.  These  improved 
conditions,  it  is  considered,  have  contributed  as  much 
as  anything  else  to  the  decrease  of  drunkenness.  In 
England  it  is  argued  that  the  existence  of  a “ bar  ” 
Avhere  the  customer  cannot  sit  doAAn  is  the  best 
artificial  check  to  drunkenness,  but  in  .SAveden,  on 
the  other  hand,  it  is  thought  that  in  AAell  ordered  and 
respectably-frequented  premises,  Avhere  the  manager 
has  no  interest  in  the  sale  of  spirits,  is  to  be  found 
the  best  safeguard  against  excess.  Moreover,  the 
Avording  of  the  contract  states  “ that  the  manager  is 
bound  to  supply  his  customers  Avith  good  and  Avell- 
prepared  food,  cold  or  Avami,  and  he  is  on  his  OAvn 
account  to  carry  on  the  sale  of  provisions  as 
Avell  as  Avine,  coffee,  tea,  cocoa,  soda,  and  seltzer 
Avaters,  See.,  as  Avould  be  done  in  a Avell  con- 
ducted eating-house.”  The  proof  that  the  system 
pays  from  a monetary  standpoint,  and  is  efficient  in 
checking  drunkenness,  is  at  once  seen  by  the  fact  that 
it  is  in  operation  all  over  SAveden,  and  that  the 
Governors  appear  to  have  borne  unvarA-ing  testimony 
to  its  beneficial  effects.  The  public-houses  are  closed 
at  10  p.m.,  and  at  6 p.m.  on  Saturday  evenings,  and 
on  .Sundays  and  holidays  no  spirits  are  sensed  unless 
food  is  taken  at  the  same  time. 


COTTON  INDUSTRY  IN  THE  UNITED 
STA  TES. 

The  continued  groAvth  of  the  cotton  manufacturing 
industry  in  the  States  of  South  Carolina,  North 
Carolina,  and  Georgia  continues  to  attract  the  atten- 
tion of  those  interested  in  that  business,  and  some 
interesting  figures  are  given  in  the  last  report  of 
Consul  de  Coetlogon  of  Charleston.  .South  Carolina 
is  noAv  operating  more  spindles  than  any  of  the  other 
Southern  .States,  North  Carolina  being  second,  and 
Georgia  third  on  the  list.  At  the  end  of  1897, 
.South  Carolina  had  in  operation  54  cotton  mills 
Avith  nearly  1,000,000  spindles,  and  consuming  annually 
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148,767,042  lbs.  of  cotton,  equal  to  about  32  7,000  bales 
or,  say,  40  per  cent,  of  the  total  crop  produced  in  the 
State  during  the  year,  estimating  the  same  at  800,000 
bales  in  round  numbers.  North  Carolina  had  150 
mills  ; the  total  number  of  spindles  however  Avas 
smaller,  but  will  probably  reach  1,000,000  also,  when 
mills  now  being  built  are  completed.  Roughly  speak- 
ing, therefore,  it  may  be  said  that  the  two  Carolinas 
had,  at  the  end  of  1897,  each  about  r, 000,000  spindles 
and  25,000  looms  in  actual  operation  manufacturing 
cotton  goods.  The  relative  growdh  and  importance 
of  the  industry  is  apparent,  from  the  fact  that  the 
total  number  of  cotton  mi] Is  in  the  Southern  States 
amounts  to  375,  with  3,197,000  spindles,  and  manu- 
facturing 500,000,000  pounds  of  raw  cotton  annually. 
This  shoAvs  that  the  Carolinas  have  nearly  double 
the  number  of  mills  and  spindles  of  all  the  other 
States  in  the  South  combined,  and  consuming  about 
three-fifths  of  the  yearly  quantity  of  raAV  cotton 
taken  by  Southern  mills.  Georgia,  Avhich  is  by  far 
the  most  important  of  the  other  Southern  States 
manufacturing  cotton,  after  the  Carolinas,  has  a 
number  of  splendidly-equipped  mills  and  abundant 
Avater  power  at  Augusta  and  Columbus,  and  in  that 
State  are  situated  most  of  the  cotton  mills  and 
spindles  not  above  enumerated  in  the  figures  given 
for  the  Carolinas ; the  three  States  combined  prac- 
tically embracing  the  principal  cotton-manufacturing 
industries  of  the  South.  In  addition  to  the  foregoing 
cotton  mills  there  are  also  at  present  in  North 
Carolina  the  folloAving  other  textile  manufacturing 
establishments,  namely,  16  Avoollen  mills  Avith  5,038 
spindles,  and  234  looms,  25  cotton  hosieiy  mills,  Avith 
1,410  knitting  machines,  4 bleacheries,  and  4 dyeing 
and  finishing  mills,  but  there  are  no  Avoollen  mills  as 
yet  in  South  Carolina. 


ITALIAN  CHEESE.. 

The  cheese  Avhich  is  chiefly  produced  in  Italy  is  the 
“grana”  (or  Parmesan  cheese),  so  called  from  its 
granulated  texture,  next  comes  the  “ gorgonzola,” 
“emmenthal”  and  “ stracchino  ” of  Lombardy,  the 
“ fontina  ” of  the  valley  of  Aosta,  and  the  “ cacio 
cavallo  ” of  Rome  and  southern  Italy.  The  latter  is, 
hoAvever,  produced  on  a small  scale  also  in  Lombardy. 
In  shape,  grana  cheeses  are  round,  have  an  average 
depth  of  8 inches  and  a diameter  of  2 feet.  Those 
produced  at  Parma,  Reggio,  Emilia  and  Modena 
Aveigh  from  44  to  132  lbs.,  Avith  an  average  of  79  lbs. 
In  Lombardy  the  cheeses  Aveigh  from  no  lbs.  to 
155  lbs.,  and  even  200  lbs.  Grana  cheese  cannot  be 
exposed  to  a high  temperature  Avithout  injury,  yet  it 
stands  long  journeys  if  properly  packed.  Consul- 
General  Chapman,  in  a report  on  the  dairy  industry  of 
Italy,  states  that  the  whey  that  remains  after  the 
cheese  is  made  is  generally  utilised  in  Italy  to  make 
the  “ ricotta,”  which  is  produced  in  the  following 
manner.  The  Avhey  is  heated  up  to  80°  Centigrade  ( 1 76° 
Fahrenheit)  and  Avorked  up  Avith  the  “follatoio,”  a 


long  stick,  to  the  end  of  Avhich  a round  Avooden  disc  ! 
is  affixed.  In  less  than  an  hour  the  “ricotta”! 
appears  on  the  surface  of  the  liquid,  and  is  collected  | 
and  placed  in  baskets  to  dry.  The  ricotta  is  either  I 
eaten  fresh,  or  else  is  salted  and  dried  in  the  oven,' 
Avhen  it  is  used  by  the  peasantry  as  cheese.  The 
principal  centres  of  production  are  the  provinces  of 
Milan  (Milan,  Lodi,  Codogno),  Como  (Lecco),  Pavia, 
Reggio,  Emilia,  Parma,  Belluno,  Modena,  in  the  north 
of  Italy,  Avhere  abundant  pasture  for  the  feeding  of 
cattle  is  always  aA^ailable. 


AERIAL  CABLE  SERVICE  IN  VENEZUELA. 

The  United  States  Consul  at  Maracaibo,  AATiting 
under  date  of  the  6th  January  last,  reports  that  the 
Venezuelan  Minister  of  Public  Works  and  Dr.  Jorge 
Valbuena  have  entered  into  a contract  for  the  con- 
struction of  an  aerial  steel  cable  service  for  the  trans- 
portation of  merchandise,  timber,  animals,  &c.  One 
cable  from  a point  in  the  valley  of  Tovar,  section 
Merida,  State  of  Los  Andes,  to  the  point  of 
Escalante  River,  and  another  from  the  city  of  Merida, 
or  from  any  other  point  of  that  section,  to  one  of  the 
ports  of  the  district  of  Sucre,  on  Lake  Maracaibo, 
State  of  Zulia,  or  to  Santa  Barbara,  on  the  Escalante, 
for  the  safe  and  rapid  service  by  cable,  and  responsi- 
bility for  goods  and  valuables  transported  thereon. 
Government  mails  Avill  be  transported  free,  and 
GoA-ernment  freight  and  postal  packages  at  50  per- 
cent. of  the  ordinary  rates  charged  to  the  public. 
Freight  tariffs  are  to  be  fixed  by  the  contractor  and 
the  Government.  Work  must  begin  Avithin  one  year 
after  congressional  approval  of  the  contract,  and 
twenty  kilometres  (12-4  miles)  at  least  must  be  com- 
pleted per  annum.  The  service  is  exempt  from  all 
national  taxation.  The  contractor  can  employ  Avhat- 
ever  motive  poAver  he  chooses,  and  can  establish  for 
the  sole  use  of  the  service  telegraph  and  telephone 
lines  between  the  points  traversed  by  the  cables. 
The  duration  of  the  contract  is  fifty  years,  at  the 
expiration  of  Avhich  period  the  Avorks  become  the 
property  of  the  GoA-ernment.  By  consent  of  the 
Government,  the  contract  may  be  transferred  to  a 
foreign  company. 


THE  CORAL  INDUSTRY  OE  NAPLES. 

The  plague  and  famine  in  India  have  had  a 
disastrous  effect  on  the  coral  trade,  AA’hich  Avas  already 
suffering  from  the  dictates  of  fashion.  The  markets 
of  Calcutta  and  Bombay  have  been  practically  closed, 
the  natives  being  rather  sellers  than  buyers  of  per- 
sonal ornaments.  Consul  Neville  Rolfe,  of  Naples^ 
says  that  in  hopes  of  giving  a neAv  impetus  to  the 
industry,  the  school  of  coral  Avork  at  Torre  del  Greco 
has  been  endeaAmuring,  and  with  distinguished  suc- 
cess, to  effect  a ncAv  departure  in  the  art,  in  order 
that  the  AA'orkmen  of  the  tOAvn  may  still  find  employ- 
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ment  in  their  hereditary  industry.  They  have  caused 
instruction  in  mosaic  work  to  be  given,  and  mosaics 
in  charming  patterns  have  been  made  of  combinations 
of  coral,  tortoiseshell,  mother-of-pearl,  and  metals 
such  as  are  used  for  the  purpose  in  similar  industries. 
The  articles  chiefly  made  hitherto  have  been  such 
things  as  ornamental  frames  for  portraits,  glove 
boxes,  and  the  like,  and  the  work  has  been  adopted 
for  the  decoration  of  mandolines,  guitars,  and  other 
musical  instruments.  It  is  hoped  to  introduce  its 
use  for  the  decoration  of  articles  of  furniture,  such 
as  tables  and  bookcases,  and  to  combine  it  with  the 
rose- pink  shell  and  the  cameo  shell,  both  of  which 
are  fairly  abundant,  and  therefore  not  excessively 
costly.  Red  coral  is  a gift  of  the  Mediterranean, 
and  is  found  nowhere  else.  It  consists  chemically 
of  pure  carbonate  of  lime  (chalk),  and,  owing  to 
its  varying  shades,  is  chiefly  used  for  ornamental 
purposes.  On  account  of  its  hardness  it  takes  a 
high  pohsh,  white  and  black.  Black  corals  are  also 
found  in  the  Mediterranean,  and,  like  the  red,  is  used 
for  decorative  purposes.  Coral  is  worked  up  for  the 
market  by  grinding  it  with  emery  and  oil,  and  obtains 
a high  polish  by  means  of  steel.  Beads  are  turned 
on  a lathe. 


General  Notes. 

4 

The  Leather  Industry  in  Germany. — 
Some  interesting  particulars  are  given  in  the 
Moniteur  Officiel  de  Commerce  respecting  the 
leather  trade  of  Geianany.  The  leather  industry  is 
one  of  the  most  important  of  the  Empire,  occupying 
I the  third  or  fourth  place,  and  is  growing  steadily. 
,In  1895,  596)7^7  persons  were  employed,  433,586  of 
I this  number  were  occupied  in  making  shoes,  74,839 
iin  saddlery,  harness,  &c.,  47,480  in  tanning,  and 
16,278  in  glove  making.  In  the  same  year  skins 
were  imported  to  the  value  of  ;C7,ooo,ooo  (in  round 
numbers),  and  exported  to  the  value  of  ;;^2,400,000. 
Over  ;6i,/j.oo,ooo  worth  of  materials  for  tanning  were 
imported.  Exports  of  prepared  skins  and  leather 
amounted  to  nearly  ^^5, 000,000,  and  manufactured 
i leather  was  exported  to  a very  large  amount.  Ham- 
burg has  become  the  market  of  the  Continent  for 
j skins  and  tanning  material,  Havre  and  Antwerp 
having  been  entirely  eclipsed  in  that  line.  The 
German  army  uses  an  immense  number  of  leather 
articles.  Half  a million  pairs  of  shoes  are  furnished 
to  the  army  during  the  year,  not  to  speak  of  repairs, 
new  soles,  &c.  There  is  every  prospect  that  the 
industry  will  still  further  develop,  since  it  is  yet  only 
;n  the  period  of  transitic  n between  the  primitive 
methods  of  hand  labour  : nd  mechanical  production. 
Special  schools  and  techn'cal  institutions  have  been 
established  in  different  c'ties  of  Germany  where 


tanning,  glove  cutting,  and  sewing,  shoe  and  harness 
making,  and  other  branches  of  the  leather  trade,  are 
taught. 

Receipts  of  Paris  Thp:atres  in  1897. — An 
interesting  return  has  just  been  issued  by  the  Director 
of  the  General  Administration  of  Public  Assistance 
in  Erance,  showing  the  gross  receipts  of  the  principal 
places  of  amusement  in  Paris  during  each  of  the  years 
1850  to  1897  inclusive.  During  this  period  the 
largest  amount  realised  in  any  one  year  was  in  1889,, 
the  exhibition  year,  when  the  receipts  amounted  to 
;^i,292,76o ; the  nearest  approach  to  this  was  in 
1897,  when  they  reached  ^/Ti, 229, 680.  In  1878, 
also  an  exhibition  year,  the  amount  realised  was 
^^1,226,296,  and  the  lowest  amount  realised  in  any- 
one year  was,  as  may  be  imagined,  in  1871,  when 
only  ;i^228,ooo  were  received.  Taking  the  amounts 
received  at  each  establishment  last  year,  it  will  be 
found  that  the  Opera,  as  usual,  heads  the  list  with  a 
revenue  of  £126,6^2,  then  comes  the  Comedie 
Fran^aise  with  ^^84,168,  and  the  Opera  Comique 
with  ^^58,404.  The  Eolies  Bergere  realised  ^^54,1 12  ; 
the  Vaudeville,  45,696  ; the  Renaissance,  ;i^'40,692  ; 
the  Chatelet,  ^^40,328 ; the  Varietes,  ^^^39,660 ; the 
Gaite,  ^(^34,628 ; the  Scala,  ;^34,236 ; Gymnase, 
;^3 1,362  ; Nouveautes,  ;^29,056  ; Eolies  Dramatiques, 
£2J,6Go;  Ambiga,  ^^27,048  ; and  Olympia,  £26,060. 
The  Conservatoire  concerts  realised  ^^6,724;  the 
Colonne  concerts  ^9,808,  and  the  Lamoureux  con- 
certs ;^4,340. 

Oyster  Cultivation  at  Arcachon. — A lead- 
ing branch  of  industry  of  the  Bordeaux  district  is 
that  of  oyster  cultivation.  The  basin  of  Arcachon 
is  the  cradle  of  the  bivalves  where  they  are  reared 
and  despatched,  either  for  immediate  consump- 
tion or  for  education  of  an  inverse  kind,  as  the  French 
taste  is  for  green  oysters,  and  the  young  oysters  are 
sent  in  millions  to  Marennes,  in  the  department  of 
the  Charente  Inferieure,  to  become  green.  Accord- 
ing to  Consul  Hearn,  in  that  district  the  oyster-beds 
are  covered  with  a delicate  green  weed  of  a perfectly 
wholesome  and  harmless  nature,  the  scientiflc  name 
of  which  is  Naviciila  ostrearia,  and  on  which  ti  e 
oyster  rapidly  fattens,  its  beard  acquiring  a dark 
green  hue,  and  the  bivalve  itself  an  exquisite  flavour. 
Oysters  are  exported  in  large  quantities  by  parcel - 
post  to  private  persons,  and  in  larger  quantities  to 
wholesale  dealers.  The  price  of  Arcachon  oysteis 
of  three  years’  growth  is  about  4 francs  (3s.  2d.) 
per  100,  while  very  fine  fat  “ Marennes  ” green 
oysters  sell  retail  for  8 francs  (6s.  46.)  to  12  francs 
(9s.  6d.)  the  100.  The  annual  production  of 
Arcachon  oysters  laid  down  and  bred  amounts  to 
between  500,000,000  and  600,000,000.  The  number 
of  oysters  sent  annually  to  French  oyster-growing 
places  varies  from  120,000,000  to  130,000,000, 
leaving  some  450,000,000  for  export  and  local  con- 
sumption. 
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MEETINGS  OF  THE  SOCIETY. 
Ordinary  Meetings. 
Wednesday  Evenings,  at  8 o’clock: — 

May  18. — “ The  Evolution  of  the  Cycle.”  By 

J.  K.  Starley.  C.  V.  Boys,  F.R.S.,  will  preside. 

Indian  Section. 

Thursday  Afternoons,  at  4.30  o’clock  : — 
May  19. — “ Chartered  Companies  and  Coloni- 
sation.” By  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 

K. C.B.,  D.C.L.  (Member  of  the  Council  of  India). 
Henry  M.  Stanley,  M.P.,  will  preside. 

Foreign  and  Colonial  Section. 

Tuesday  afternoon,  at  4.30  o’clock  : — 

May  24. — “The  Goldfields  of  British  Columbia.” 
By  W.  Hamilton  Merritt.  Sir  Charles  Mal- 
colm Kennedy,  K.C.M.G.,  C.B.,  will  preside. 


Cantor  Lectures. 

Monday  Evenings,  at  Eight  o’clock  : — 
Prof.  Charles  A.  Cards  Wilson,  M.A., 
M.Inst.E.E.,  Professor  of  Electrical  En- 
gineering, McGill  University,  Montreal. 
^‘Electric  Traction.”  Four  Lectures. 

Lecture  III.— May  16. 

Energy  diagrams  — Sub-divisions  of  energy  ex- 
penditure— Case  when  final  speed  is  fixed — Possible 
ways  of  reducing  the  expenditure — Effect  of  series 
winding  is  to  reduce  the  heat  loss — Highest  economy 
limited  by  the  \veight  of  the  motor — How  to  find  the 
best  values  of  gear-ratio  and  driving-wheel  diameter 
— Example  — The  Baltimore  and  Ohio  Railroad — 
Effect  of  reduction  in  train  resistance — Use  of  roller 
bearings. 

Lecture  IV.— May  23. 

Case  wlien  the  final  speed  is  not  given — Design  for 
covering  a given  distance  in  the  shortest  time  for  a 
given  current — Time  curves — Effect  of  using  driving- 
wheels  of  different  diameters — Design  for  covering  a 
given  distance  in  a given  time,  with  the  least  possible 
expenditure  of  energy— Influence  of  the  weight  of  the 
motor  on  the  economy — Advantage  of  gearing — 
Example — The  Chicago  Metropolitan  Elevated  Rail- 
road. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  May  16  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof. 
Carus  Wilson,  “Electric  Traction.”  (Lecture  III.) 
Surveyors,  Savoy-street,  W.C.,  8 p.m.  Mr.  H.  T. 
Eve,  “Compensation  Values  of  Cattle  Foods— 
Chemist  versus  Valuer.” 

British  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Mr.  T.  G.  Jackson,  “ The  Libraries  of  the  Middle 
Ages.” 

Medical,  ii,  Chandos-street,  W.,  8J  p.m.  Annual 
Oration. 

Victoria  Institute,  8,  Adelphi -terrace,  W.C.,  4J  p.m. 
Dr.  Schofield,  “The  Philosophy  of  Education.” 


Tuesday,  May  17. ..Royal  Institution,  Albemarle-street,  W., 

3 p.m.  Dr.  S.  R.  Gardiner,  “ The  Historical 
Development  of  Modern  Europe.”  (Lecture  III.) 
Statistical,  in  the  Theatre  of  the  United  Service! 
Institution,  Whitehall,  S.W.,  5 p.m.  Mr.  G.  1 
Laurence  Gomme,  “ Local  Taxation  in  London.” 
Pathological,  20,  Hanover  - square,  W.,  8J  p.m. 
Annual  Meeting. 

Photographic,  12,  Hanover-squarc,  W.,  8 p.m. 
Zoological,  3,  Hanover-square,  W , 8i  p.m.  i.  Mr. 
Oldfield  Thomas,  “ A small  Collection  of  Mammals 
obtained  by  Mr.  Alfred  Sharpe  in  Nyasaland.”  2. 
Dr.  A.  G.  Butler,  “ Collection  of  Lepidoptera 
made  in  British  East  Africa  by  IMr.  C.  S.  Betton.” 
3.  Miss  Sophie  M.  Fcdarb,  “Some  Earthworms 
from  India.” 

Wednesday,  M.\y  18. ..SOCIETY  OF  ARTS,  John-stree+, 
Adelphi,  W.C.,  8 p.m.  Mr.  J.  K.  Starley,  “The 
Evolution  of  the  Cycle.” 

Meteorological  (in  the  Rooms  of  the  Astronomical 
Society),  Burlington-house,  W.,  4I  p.m.  i.  l\Ir 
Robert  H.  Scott,  “The  Frequency  of  Rainy  Days 
in  the  British  Isles.”  2.  Frederick  J.  Brodie,  “ The 
Abnormal  Weather  of  January,  1898.” 

Geological,  Burlington-house,  W.,  8 p.m. 
Microscopical,  20,  Hanover-square,  W.,  p.m.] 

Exhibition  of  ^Microscopic  Aquatic  Life. 

United  Service  Institution,  AVhitehall,  S.AV.,  3 p.m. 
Dr.  J.  Macdpnell,  “Recent  Changes  in  the  Rights! 
and  Duties  of  Belligerents  and  Neutrals  according) 
to  International  Law.” 

Archaeological  Association,  32,  Sackville-street,  W., 
ii  p.m. 

Pharmaceutical,  17,  Bloomsbury-square,  AV.C.,  8 p.m. 
Annual  Meeting. 

Thursday,  May  19  ...  SOCIETY  OF  ARTS,  John-street,. 

Adelphi,  AV.C.,  4J  p.m.  (Indian  Section.)  Sir 
Alfred  Comyns  Lyall,  “ Chartered  Companies  and 
Colonisation.” 

Chemical,  Burlington-house,  AV.,  8 p.m.  i.  Air, 
G.  T.  Alorgan,  “The  Action  of  Formaldehyde  on 
Amines  of  the  Naphthalene  Series.”  2.  Air.  F.  G. 
Ehmed,  “The  Constitution  of  Oleic  Acids,  and  itu 
Derivatives.”  (Part  I.) 

Society  for  the  Encouragement  of  Fine  Arts,  9,  Con- 
duit-street, AV.,  8 p.m.  Dr.  J.  S.  Phene,  “ Pre- 
Roman  Gold  Work  and  Alagnificent  Pre-Roman 
Jewellery  manufactured  in  the  British  Isles  in  Pre- 
Historic  Times.” 

Royal  Institution,  Albemarle-street,  AV.,  3 P 
Lord  Rayleigh,  “Heat.”  (Lecture  II.) 

Historical,  28,  Jermyn-street,  S.W.,  8|  p.m. 
Numismatic,  22,  Albemarle-street,  W.,  7 p.m. 
Friday,  AIay  20.. .Royal  Institution,  Albemarle-street,  W. 

8 p.m.  Weekly  Aleeting.  9 p.m.  Right  Hon 
Dr.  Aladden,  “ The  Early  Life  and  AA^ork  01 
Shakespeare.” 

Quekett  Alicroscopical  Club,  20,  Hanover-square. 
W.C.,8p.m. 

Saturd.\y,  May  21. ..Botanic,  Inner  Circle,  Regent’s-park 
N.W.,  3|p-m. 

Royal  Institution,  Albemarle-street,  AV.,  3 p m. 
Air.  J.  A.  Thomson,  “ The  Biology  of  Spring. 
(Lecture  I.)  ; 


Correction. — Sir  George  Birdwood  wishes  tq 
make  the  following  corrections  in  his  letter  oh: 
“ Ancient  and  Modern  Ink.”  Page  567)  col.  i,  line  4j 
from  bottom, /<?;' “xxiv.”  read  “xxxiv.”  ; line  3 from 
bottom, /or  “ sulphate,”  read  “ acetate  ” ; col.  2,  line 
12  from  top,  add  after  “ removed,”  the  words,  “con- 
firm this  view.” 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


Notices. 


CONVFRSA  ZIONE. . 

The  Society’s  Conversazione  will  take  place 
at  the  Natural  History  Museum,  Cromwell- 
road,  S.W.  (by  permission  of  the  Trustees  of 
the  British  Museum),  on  Wednesday,  22nd  June. 
The  reception  will  commence  at  9 p.m. 

The  following  portions  of  the  Museum  will 
be  open  : — On  the  Ground  Floor — the  Central 
Hall,  British  Saloon,  and  Bird  Gallery ; on  the 
First  Floor — the  East  and  West  Corridors,  and 
the  Lecture  Room. 

Each  member  is  entitled  to  a card  for  him- 
self (which  will  not  be  transferable),  and  a 
card  for  a lady.  In  addition  to  this,  a limited 
number  of  tickets  will  be  sold  to  members  of 
the  Society,  or  to  persons  introduced  by  a mem- 
ber, at  the  price  of  5s.  each,  if  purchased  before 
the  date  of  the  Conversazione.  On  that  day 
the  price  will  be  raised  to  7s.  6d. 

These  tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (which  can  be 
obtained  from  the  Secretary)  or  a letter  of 
introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman. 

Light  refreshments  (tea,  coffee,  ices,  claret 
cup,  &c.)  will  be  supplied. 

Visitors  arriving  or  leaving  by  either  of  the 
Metropolitan  Railways  will  be  allowed  the  use 
of  the  District  Company’s  Subway,  which  leads 
from  the  South  Kensington  Railway  Station 
direct  into  the  grounds  of  the  Museum. 


CANTOR  LECTURES. 

On  Monday  evening,  the  i6th  instant. 
Prof.  Charles  A.  Carus  Wilson,  M.A., 
M.Inst.E.E.,  delivered  the  third  lecture  of 
his  course  on  “ Electric  Traction.” 


The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


INDIAN  SECTION. 

Thursday  afternoon.  May  19;  HENRY  M. 
Stanley,  M.P.,  in  the  chair.  The  paper  read 
was  “ Chartered  Companies  and  Colonisation,” 
by  Sir  Alered  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.,  Member  of  the  Council  of 
India. 

The  paper  and  report  of  the  discussion  will 
be  published  in  a future  number  of  the 
Journal. 


Proceedings  of  the  Society. 

^ 

REPORT  OF  THE  COMMITTEE  ON  THE 
DETERIORATION  OF  PAPER.* 
Committee.  — Sir  John  Evans,  K.C.B., 
F.R.S.  (Chairman)  ; Maj. -General  Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.  (Chairman 
of  the  Council);  Sir  William  Anderson,  K.C.B., 
D.C.L.,  F.R.S. ; Michael  Carteighe  ; George 
Clulow;  C.  F.  Cross,  F.C.S.  ; Richard  Garnett, 
C.B.,  LL.D.;  Hugo  Muller,  Ph.D.,  F.R.S.; 
William  J.  Russell,  Ph.D.,  F.R.S.  ; Henry 
R.  Tedder,  F.S.A. ; William  Luson  Thomas, 
R.I.;  Professor  J.  Millar  Thompson,  F.R.S.; 
Dr.  Quirin  Wirtz,  M.A.,  F.I.C.  ; Sir  Henr}^ 
Trueman  Wood  (Secretary). 


During  the  present  century  the  paper-making 
industry  has  undergone  many  revolutionary 
changes.  As  an  industry  it  has  grown  pro- 
digiously, and  to  meet  the  requirements  of  the 
enormously  increased  production  a quantity  of 
new  fibrous  raw  materials  have  been  introduced 
and  have  taken  their  place  in  due  course  as 
indispensable  staples.  The  more  important  of 
these,  so  far  as  concerns  this  country,  may  be 
noted  in  chronological  order,  thus  : esparto,  in 
the  period  1860-70;  ‘'mechanical  wood  ” or 
ground  wood  pulp,  in  1870-80;  the  wood 
celluloses,  in  the  period  1880-90.  These  sub- 
stances differ  in  chemical  composition  from 
the  celluloses  obtained  from  cotton,  fla.x  and 
hemp,  which  were  the  exclusive  staple  raw 
materials  for  paper  making  up  to  this  century  ; 
and  although  they  are  efficient  substitutes  in 
most  respects,  it  must  be  admitted  that  Time 

* This  report  will  be  reprinted  with  ."in  appendix  containing^ 
abstracts  of  papers  on  the  testing  of  paper  in  Germany. 


598 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


\_May  20,  1898 


has  not  yet  been  able  to  pronounce  a judgment 
upon  the  relative  permanence  of  the  papers 
made  from  them.  There  is  more  than  a 
suspicion  that  many  of  them  are  very  inferior 
in  this  important  respect,  and  it  has  been  the 
main  purpose  of  the  work  of  the  committee  to 
sift  the  evidence  upon  which  such  suspicions 
have  been  engendered. 

Paper-making  as  an  art — both  mechanical 
and  chemical  — has  advanced  in  similar 
measure,  and  although  a sheet  of  paper  made 
to-day  necessarily  ditfers  but  little  as  a fabric 
from  the  papers  of  previous  epochs,  the 
auxiliary  methods  of  treating  the  vegetable 
fibres  up  to  the  point  of  putting  them  together 
as  a sheet  of  paper  have  been  much  extended 
and  developed.  It  would  be  difficult  in  fact  to 
imagine  more  perfect  adjustments  of  means  to 
the  one  end  than  those  which  have  been 
evolved  to  meet  the  modern  demand  for  paper 
in  all  its  varieties. 

The  science  of  the  art  has  advanced  also ; 
\iMtTvo\.j^ari^assic.  The  production  of  paper 
and  its  applications  rest  rather  upon  con- 
ventional adjustments  than  upon  such 
principles  as  may  properly  be  termed 
scientific.  It  is  not  to  be  objected  to  this 
statement  that  the  industry  gets  on  very 
well  without  conforming  to  such  a view.  On 
the  other  hand,  there  is  no  need  to  take  the 
statement  as  implying  any  wholesale  criticism 
of  paper-making|methods  as  unscientific. 

What  is  intended  in  and  by  the  statement 
will  be  more  exactly  appreciated  from  what 
follows  in  explanation  of  the  main  subject 
to  which  the  [committee  were  asked  to  give 
their  attention,  that  is  the  question  of 
standards  of  quality  of  papers. 

Paper  being  a fabric  or  structure,  its 
qualities  as  such  admit  of  more  or  less  precise 
definition  under  such  heads  as — 

Strength,  expressed  in  terms  of  the  weight 
or  strain  which  it  will  support. 

Elasticity  and  Texture,  measured  by  elon- 
gation under  strain  and  resistance  to 
rubbing. 

Bulk,  expressed  in  the  precise  terms  of 
specific  gravity  or  weight  per  unit  of 
volume. 

Of  not  less]j  'importance  than  physical 
qualities  are  those  which  belong  to  paper  as 
a chemical  substance  (or  mixture),  these  are 
(i),  its  actual  composition  ; (2),  the  liability 
to  change  under[whatever  conditions  of  storage 
and  use  to  whichjt  may  be  subjected.  Living 
in  this  age,  it  is  impossible  to  resist  the 


tendency  to  take  these  physical  and  chemical 
constants  of  paper  into  account  in  specific  terms. 
Such  constants  have  the  inevitable  force 
of  scientific  quantities  ; they  must  come  more 
and  more  into  practical  consideration,  and 
ultimately  to  rank  as  regulating  the  con- 
sumption, and,  therefore,  production  of  papers. 

This  conviction  the  Committee  feel  them- 
selves bound  to  record.  The  forecast  rests 
upon  no  prophetic  insight  but  upon  the  know- 
ledge of  what  has  been  accomplished  in  this 
direction  in  continental  countries,  and  notably 
in  Germany.  Through  the  investigations  of 
the  Imperial  Testing  Institution  of  Berlin  a 
scheme  of  testing  of  papers  has  been  formulated 
and  officially  adopted,  by  which  the  chemical 
and  physical  properties  of  papers  are  brought 
to  numerical  expression.  A more  obviously 
important  result  is  that  standards  of  com- 
position have  been  promulgated  by  the 
Institution,  and  being  officially  adopted  by  the 
Government,  have  exercised  an  important  in- 
fluence upon  the  paper  trade  of  Germany. 
Other  Governments  have  followed  the  lead  of 
Germany  in  this  matter.  The  Committee 
recognising  this  advance  have  felt  that  they 
would  render  a service  to  the  technical  public 
of  this  country  by  reproducing  in  abstract  form 
the  whole  of  the  official  publications  (reports) 
of  the  German  Imperial  Testing  Station,  so 
far  as  relates  to  the  subject  of  paper.  The 
work  of  abstracting  these  “ Mittheilungen  der 
K.  K.  Versuchs  Anstalt  ” has  been  ably  carried 
out  by  Mr.  Kershaw  under  the  direction  of  the 
Committee,  and  will  form  an  Appendix  to  this 
report. 

It  is  not  suggested  that  the  standards  arrived 
at  by  these  investigations  and  adopted  by  the 
German  Government  will  come  to  be  recognised 
as  regulating  the  English  paper  trade.  They 
form  an  important  contribution  to  the  science  of 
the  subject  and  are  reproduced  for  this  their 
special  significance.  The  matter  must  be  left 
to  adjust  itself  on  the  basis  of  public  opinion. 
The  Committee  cannot  do  more  than  offer 
this  contribution  of  material  necessarily  to  be 
taken  into  account  by  the  English  technical 
public. 

The  more  practical  work  of  the  Committee 
has  been  to  formulate  positive  conclusions 
upon  a subject  which  is  perhaps  only  a side 
issue  of  the  wider  question  of  paper  standards, 
viz.,  the  question  of  the  “ Deterioration  of 
Papers.”  This  matter  is  in  a somewhat 
nebulous  position  : on  the  one  hand  it  is  well 
known  that  papers  have  come  down  to  us  from 
the  Middle  Ages  in  a perfect  condition  of  pre- 
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servation ; on  the  other  there  are  many 
instances  of  the  total  destruction  of  books  pro- 
duced within  quite  recent  years.  There  are 
not  wanting  those  who  are  so  influenced  by 
this  superficial  antithesis,  as  to  generalise  it 
into  a condemnation  of  present  day  papers, 
as  compared  w’ith  those  of  the  olden  times. 
Between  this  excess  of  zeal  on  the  one  hand, 
and  the  total  refusal  on  the  other  to  admit  any 
case  at  all,  the  Committee  have  endeavoured 
to  arrive  at  a practical  judgment  on  the 
question  of  the  relative  permanence  of  papers, 
which  judgment  should  carry  with  it  a more 
precise  view  of  the  qualities  of  papers  as 
suited  or  unsuited  to  the  special  purposes  for 
which  they  are  required. 

It  may  be  pointed  out  that  the  narrower 
issue  of  liability  to  deterioration  is  no  new 
subject.  It  is  dealt  with  in  general  terms  in 
standard  treatises  on  the  manufacture  and 
uses  of  papers.  Thus,  in  Herring’s  well-known 
book  “Paper  and  Paper- Making  ” [Long- 
mans: London,  1856]  pp.  97-99,  it  is  pointed 
out  that  the  unregulated  use  of  bleaching 
agents  has  been  known  to  occasion  wholesale 
destruction  of  papers  and  books. 

Since  the  period  when  such  results,  following 
from  ignorant  and  careless  practice,  were 
common,  there  has  been  a great  advance  in 
the  general  grasp  of  the  chemistry  of  the 
processes  auxiliary  to  paper  making,  and  the 
Committee  would  make  no  point  of  such 
occasional  damages  as  would  arise  in  this 
direction  from  accidental  circumstances.  They 
have  occupied  themselves  with  the  question  of 
paper  as  normally  produced,  and  under  the 
conditions  of  ordinary  wear  and  tear.  The 
Committee  have  examined  a number  of  books 
as  practical  evidence  of  “deterioration  of 
paper;”  some  submitted  by  librarians  in  a 
condition  of  complete  disintegration  ; some  of 
their  own  selection  exhibiting  various  grades  of 
deterioration  of  the  paper  of  which  they  are 
composed.  They  conclude  on  the  evidence 
before  them  as  follows  : — 

As  to  the  two  tendencies  to  deterioration  of 
papers,  these  are  marked — ( i ) by  disintegration, 
(2)  by  discolouration.  They  are  independent 
effects,  but  may  be  concurrent.  They  are 
notably  so  in  papers  containing  mechanical 
wood  pulp. 

I.  Actual  disintegration  has  been  brought 
to  light  in  papers  of  all  grades  ; from  those  of 
the  best  quality  as  regards  the  fibrous  materials 
of  which  they  are  composed,  i.e.,  rag  papers  : 
also  of  course  in  those  of  lowest  quality,  i.e., 
containing  mechanical  wood  pulp  in  large  pro- 


portions. The  books  examined  had  in  certain 
cases  been  subject  to  ordinary  conditions  of 
storage  and  use  : the  effect  in  such  cases  is 
independent  of  wear  and  tear.*  It  is  the  result 
of  chemical  change  of  the  fibres  themselves.  In 
other  cases  the  damages  could  be  traced  to  the 
effects  of  illuminating  gas  upon  the  atmosphere 
of  the  rooms  in  which  the  books  had  been 
stored.  It  may  be  generally  concluded  that 
all  papers  are  liable  to  such  extreme  chemical 
change,  i.e.,  resulting  in  disintegration. 

As  to  the  causes  determining  such  changes  r 
in  the  case  of  the  rag  papers  examined  the 
effects  appear  to  be  due  to  acid  bodies  : the- 
disintegration  may  be  generally  referred  to* 
acidity.  The  acids  may  have  been  present  in 
the  original  paper  as  made  : or  may  have 
resulted  from  reactions  going  on  in  the  paper 
itself  after  making  : or  lastly  may  have  been 
due  to  products  of  gas  combustion.  In  the 
case  of  mechanical  wood  pulp  the  effects  are 
traceable  to  oxidation  pure  and  simple  : the 
disintegration  is  accompanied  by  a basic  or 
alkaline  reaction  of  the  paper. 

2.  Discolouration  maybe  said  also  to  affect 
all  papers  more  or  less.  It  takes  various  forms  : 
the  more  marked  effect  is  a darkening  of 
colour,  which  spreads  inwards  from  the 
margins ; but  a common  case  is  that  of  a 
uniform  discolouration.  The  latter  would  be 
the  result  of  changes  in  the  paper  itself ; the 
former  is  determined  by  external  agency,  such 
as  by  the  action  of  an  atmosphere  charged  with 
the  products  of  combustion  of  coal  gas.  It  is 
a complex  effect : that  is,  while  it  may  be 
the  indirect  result  of  the  action  of  both  acids 
and  oxidants  upon  the  constituents  of  the 
paper,  it  is  immediately  produced  by  changes 
in  products  of  such  action  ; or,  again,  where 
starch  is  present  in  the  paper,  discolouration 
may  arise  from  products  which  this  carbo- 
hydrate furnishes  under  the  action  of  acids. 

Without  discussing  minutely  the  chemistry 
of  the  changes,  the  evidence  obtained  certainly 
warrants  the  general  conclusion  that  dis- 
colouration of  ordinary  cellulose  papers  (as 
distinguished  from  those  containing  mechanical 
wood  pulp)  under  usual  conditions  of  storage  is 
proportional  to  the  amount  of  rosin  which  they 
contain,  or  more  generally  to  the  rosin  and  the 
conditions  employed  for  fixing  it  in  the  ordinary 
process  of  engine-sizing. 

From  a consideration  of  certain  special 
causes  of  discolouration  it  must  be  pointed 

• It  may  be  noted  that  the  cases  of  destruction  of  rag 
papers  investigated  were  for  the  most  part  in  books  produced 
in  the  period  1850-62. 
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out  that  mechanical  wood  pulp  is  stained  a deep 
yellow  by  aniline  and  other  coal-tar  bases  ; 
esparto  . and  straw  celluloses  similarly  are 
stained  pink,  these  effects  being  due  to  re- 
actions of  the  fibre  substances  with  the  bases  in 
question.  Such  compounds  are  often’  present 
in  the  atmosphere  of  chemical  laboratories  or 
where  coal-tar  and  its  products  are  handled. 
Papers  containing  mechanical  wood  pulp,  or 
esparto,  or  straw  celluloses,  are  therefore 
unsuitable  for  books  likely  to  be  used  in  such 
laboratories. 

Certain  practical  conclusions  of  the  Com- 
mittee from  the  evidence  obtainable  are  sub- 
mitted. First,  as  regards  the  points  common 
to  all  printing  papers  : 

Sizing  (engine-sizing). — Where  the  printer 
raises  no  objection,  book  paper  should  be  sized 
with  a minimum  quantity  of  rosin.  A propor- 
tion of  2 per  cent,  rosin  (calculated  dry)  on  the 
paper  may  be  suggested  as  a maximum,  also 
that  for  nearly  all  the  ordinary  uses  of  printing 
papers,  the  quality  of  “hard-sizing”  (usually 
produced  with  large  proportions  of  rosin),  is 
superfluous. 

The  presence  of  Starch  is  objectionable, 
though,  in  the  case  of  heavily  loaded  papers, 
its  employment  may  be  necessary. 

Acidity. — The  papers  may  be  finished  with 
the  normal  slight  excess  of  alum,  which  gives 
to  the  paper  the  slightly  acid  reaction  of  the 
alum,  i.e.,  acid  to  litmus,  neutral  to  methyl 
orange. 

Chlorides. — Care  must  be  taken  that  paper 
should  contain  a minimum  of  chlorides. 

Colour. — Upon  this  question  it  is  difficult 
to  make  suggestions.  It  may  be  pointed  out 
that  high  whites  in  papers  involving  the 
extreme  grades  of  bleaching  of  the  fibres  are 
in  usual  practice  obtained  not  only  at  the 
expense  of  strength  and  elasticity,  but  often 
with  production  of  oxidised  products  them- 
selves extremely  susceptible  of  change  with 
formation  of  dark-coloured  products  (dis- 
colouration). Such  tendencies  are,  moreover, 
increased  when  to  the  demand  for  whiteness 
or  purity  of  colour  that  of  hard-sizing  is  added  ; 
and  again,  when  the  third  and  very  usual 
demand  for  “ cheapness  ” is  considered.  This 
necessitates  the  use  of  celluloses  other  than 
those  of  cotton,  flax  or  hemp,  in  which  the 
dangers  of  over  bleaching  are  greater  in  pro- 
portion to  the  lesser  chemical  resistance  of  such 
celluloses,  viz.,  the  wood  and  esparto  classes. 
It  is  true  that  these  dangers  are  minimised 
by  graduated  methods  of  bleaching  known  to 
practical  men  and  employed  in  some  mills. 


but  in  ordinary  practice  the  question  of  the  per- 
manence of  the  colour  of  the  paper  when  made 
is  not  much  considered.  It  is  suggested  that 
when  very  white  printing  papers  are  required, 
the  sizing  should  be  reduced  to  the  prac- 
tical minimum  ; and  again,  that  for  ordinary 
printing  papers  a lower  standard  of  colour 
may  be  adopted  with  advantage. 

Loadmg. — The  addition  to  paper  of  mineral 
matter,  such  as  china  clay,  has  the  effect  of 
increasing  opacity  and  improving  texture.  Up 
to  a point  it  may  be  admitted  that  these  advan- 
tages outweigh  the  disadvantages  of  diluting 
the  fibrous  constituents  of  the  paper  with  inert 
and  non-cohesive  material.  Above  this  point 
the  loading  of  course  prejudices  the  strength 
of  the  paper,  and  generally  lowers  the  qualities 
of  resistance.  Moreover,  with  increase  of  load- 
ing, the  sizing  agents  require  to  be  increased, 
with  attendant  disadvantage.  After  careful 
consideration,  the  Committee  came  to  the  con- 
clusion that  10  per  cent,  of  total  mineral  con- 
stituents is  the  extreme  Ihnit  for  papers  for 
publications  of  permanent  value. 

Texture. — This  is  purely  a paper  maker’s 
question.  It  will  only  be  pointed  out  here  that 
a close  and  well -compacted  sheet  is  especially 
necessary  for  printing  papers.  This  quality  is 
largely  controlled  by  the  mechanical  process  of 
preparation  (beating)  of  the  fibres  ; but  this  is 
costly,  both  in  time  and  power,  and  as  the  quality 
is,  to  a certain  extent,  to  be  imitated  _by  the 
addition  of  sizing  and  loading  agents,  the 
tendency  is  towards  the  latter  and  factitious 
methods.  The  buyer  or  consumer  requires  to 
bear  this  in  mind ; and  in  papers  selected  for 
publications  of  permanent  value,  to  see  that 
close  texture  has  been  obtained  by  the  more 
“legitimate”  method  of  mechanical  prepara- 
tion. The  quality  is  a complex  one  : it  effec- 
tually sums  up  the  several  “ physical  con- 
stants ” dealt  with  above,  and,  until  “stan- 
dards” of  classification  are  generally  adopted, 
the  question  of  texture  must  be  insisted  upon. 


As  regards  the  classification  of  papers 
according  to  composition,  or  more  specifically, 
the  question  of  the  permanence  of  papers  in 
relation  to  the  fibres  of  which  they  are  com- 
posed ; this  is  a purely  chemical  problem, 
and  the  principles  determining  the  classifica- 
tion have  been  dealt  with  in  the  Society’s 
journal,  vol.  xlv.,  pp.  690-696,  1897. 

The  Committee  find  that  the  practical  evi- 
dence as  to  permanence  fully  confirms  the 
classification  there  given,  and  that  the  paper- 
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making  fibres  may  be  ranged  in  the  four 
classes  : — 

A.  — Cotton,  flax,  and  hemp. 

B.  — Wood  celluloses,  [a)  sulphite  process, 
and  [b)  soda  and  sulphate  process. 

C.  — Esparto  and  straw  celluloses. 

D.  — Mechanical  wood  pulp. 

In  regard,  therefore,  to  papers  for  books  and 
documents  of  permanent  value,  the  selection 
must  be  taken  in  this  order,  and  always  with 
due  regard  to  the  fulfilment  of  the  conditions  of 
normal  treatment  above  dealt  with  as  common 
to  all  papers. 

The  Committee  have  been  desirous  of  bring- 
ing their  investigations  to  a practical  conclu- 
sion in  specific  terms,  viz.,  by  the  suggestion 
of  standards  of  quality.  It  is  evident  that  in 
the  majority  of  cases  there  is  little  fault  to  find 
with  the  practical  adjustments  which  rule  the 
trade.  They  are,  therefore,  satisfied  to  limit 
their  specific  findings  to  the  following,  viz. — ist, 
7iormal  standard  of  quality  for  book  papers 
required  for  publications  of  per?nanent 
Tialue.  For  such  papers  they  would  specify 
as  follows : — 

Fibres. — Not  less  than  70  per  cent,  of  fibres 
of  Class  A. 

Sizi?ig. — Not  more  than  2 per  cent,  rosin, 
and  finished  with  the  normal  acidity  of  pure 
alum. 

Loading. — Not  more  than  10  per  cent,  total 
mineral  matter  (ash). 

With  regard  to  wTitten  documents,  it  must  be 
evident  that  the  proper  materials  are  those  of 
Class  A,  and  that  the  paper  should  be  pure, 
and  sized  with  gelatine,  and  not  with  rosin. 
All  imitations  of  high-class  writing  papers, 
which  are,  in  fact,  merely  disguised  printing 
papers,  should  be  carefully  avoided. 


TWENTY-FIRST  ORDINARY 
MEETING. 

Wednesday,  May  18,  1898  ; Charles 

Vernon  Boys,  F.R.S.,  in  the  chair. 

The  following  candidates  were  proposed  for 
election  as  members  of  the  Society : — 

Brunner,  Sir  John  T.,  Bart.,  M.P.,  q,  Ennismore- 
gardens,  S.W. 

Buckwell,  George  William,  Board  of  Trade  Offices, 
Custom-house-arcade,  Liverpool. 

Kenning,  George,  Upper  Sydenham,  S.E. 

Maddox,  Arnold  G.,  184,  Malpas-road,  S.E. 

Quirk,  Charles  James,  16,  Westmoreland  - street, 
Dublin. 
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The  following  candidates  were  balloted  for 
and  duly  elected  members  of  the  Society:  — 

Greg,  Arthur,  Eagley,  Bolton. 

Jacobson,  Nathaniel,  Olive-mount,  Cheetham-hill- 

road,  Manchester. 

Young,  William,  Town-hall,  Salford. 

The  paper  read  was — 

THE  EVOLUTION  OF  THE  CYCLE. 

By  W.  K.  Starley. 

Before  proceeding  to  speak  on  “ The  Evolu- 
tion of  the  Cycle,”  perhaps  I may  be  permitted 
to  make  a few  observ’ations  upon  locomotion 
generally,  with  the  purpose  of  ascertaining 
more  clearly  what  position  the  cycle  occupies 
in  this  sphere  of  usefulness.  In  visiting  old 
cities,  both  at  home  and  abroad,  one  of  the 
things  which  strikes  me  as  remarkable  is  how 
limited  the  means  of  communication  and  inter- 
communication were  years  ago,  how  narrow 
the  roads  and  how  little  they  were  used  com- 
pared with  what  they  are  to-day.  Before  the 
introduction  of  steam  vessels  and  railways 
operations  were  conducted  on  a much  smaller 
scale  and  a much  slower  rate  of  speed,  and  it 
is  reasonable  to  assume  that  the  rapid  strides 
which  have  been  taking  place  during  the  past 
fifty  years  in  civilisation,  and  in  the  develop- 
ment of  the  resources  of  the  world,  are  in  no 
small  degree  due  to  the  vast  increase  in  the 
employment  of  steam  power. 

It  is  reasonable  to  conclude  that  during  no 
part  of  the  history  of  the  world  has  there  been 
so  much  thought  and  effort  expended  in  enlarg- 
ingand  improving  our  means  of  communication ; 
at  no  time  were  so  many  agencies  of  power 
utilised  for  this  purpose  ; but,  multiply  as  we 
will  the  number  of  forces  as  aids  to  this  end, 
the  principles  upon  which  this  purpose  may  be 
accomplished  are,  at  the  outside,  four,  practi- 
cally only  three,  to  float,  roll,  or  carr}'  such 
bodies  or  weights.  There  never  was,  and 
there  may  never  be,  any  agency  or  principle 
which  has  proved  so  useful  as  the  float- 
ing surface.  This  has  certainly  been  by 
far  the  largest  and  easiest  means  of  com- 
munication in  the  world,  and  will  account  for 
the  fact  that  most  of  our  oldest  and  important 
cities  were  situated  near  or  upon  the  harbours 
of  the  sea-coast,  and  that  even  when  mines 
were  opened  up  some  distance  from  the  sea- 
shore, one  of  the  first  things  was  to  make  a 
canal  or  waterway,  that  operations  might  be 
conducted  on  a larger  scale  ; with  the  intro- 
duction of  steam,  and  its  adaptation  to  vessels. 
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these  were  made  faster.  But,  while  the  de- 
velopment of  steam  vessels  and  railways  has 
largely  broken  down  the  barriers  of  distance 
and  rendered  operations  possible  which  would 
have  been  thought  almost  impossible  fifty  years 
ago,  even  these  most  remarkable  and  efficient 
agencies  have  proved  insufficient  for  the  in- 
creasing requirements  of  modern  civilisation, 
and  probably  at  no  period,  notwithstanding 
this  great  advance,  was  there  so  much  time 
and  thought  devoted  to  multiplying,  as  far  as 
possible,  the  agencies  for  cheaper  and  quicker 
locomotion. 

To  fly  or  glide  through  the  air,  it  is  neces- 
sary to  exert  a force  equal  to  the  weight  you 
raise,  and  seek  to  propel,  but  while  this  is  sc, 
roughly  speaking,  it  may  be  rolled,  if  placed 
upon  wheels  under  fairly  advantageous  con- 
ditions, by  one -fortieth  part  of  the  power  it 
would  take  to  raise  it ; while  a weight  may  be 
floated  for  a one-hundredth  part  of  the  power  it 
would  require  to  raise  it ; indeed,  at  a slow 
speed,  it  might  be  moved  at  a one-thousandth 
part  of  what  it  would  take  to  raise  it.  But 
while  floating  is  the  easiest  method,  rolling  is 
the  quickest,  and  we  must  at  once  concede  to 
the  prepared  track  or  railway  the  perfection  of 
rolling.  Now,  accepting  cycling  as  a branch 
of  the  principle  of  rolling,  we  see  where  the 
advantage  of  the  cycle  comes  in.  Cycling 
gives  to  the  cyclist,  in  point  of  speed  or  dis- 
tance, what  is  equivalent  to  three  pairs  of  legs, 
as  it  enables  a man  to  travel  three  times  as  far 
as  he  can  walk,  for  if  he  can  walk  three  miles 
within  the  hour,  he  can  cycle  nine  miles  whhin 
the  hour,  with  much  the  same  expenditure  of 
energy.  In  this  estimate  I am  not  taking  what 
a trained  athlete  can  do,  but  what  it  is  possible 
for  the  average  man  or  woman  to  accomplish  ; 
the  records  which  have  been  made,  and  the 
distances  which  have  been  ridden,  prove  that 
much  more  than  this  can  be  done.  I think, 
however,  my  statement  is  sufficient  to  prove 
that  this  in  itself  is  a great  advantage,  and  one 
which  humanity  will  be  slow  to  give  up,  for  not 
only  can  these  greater  distances  be  accom- 
plished on  the  cycle,  but  there  are  many  who 
find  it  is  less  exhausting  to  them  than  walking 
— indeed,  so  pleasant  is  the  gliding  motion, 
and  so  noiseless  and  easy  in  its  action,  that 
thousands  are  found  who  cycle  for  the  mere 
pleasure  they  derive  from  it  as  a pastime,  and 
not  a few  are  thereby  induced  to  go  out  into 
the  fresh  air  and  into  the  country  lanes,  and 
obtain  most  healthful  and  pleasant  recreation 
which  no  other  means  of  exercise  would  afford 
them. 


In  taking  as  my  subject  “ The  Evolution  of 
the  Cycle  ” to-night,  I may  say  that  in  the 
limited  time  at  my  disposal  it  will  be  impossible 
to  give  a history  of  the  cycle,  nor  do  I think 
there  are  many  here  who  would  care  to  listen, 
even  if  I could.  I think,  however,  that  a re- 
view of  the  types  that  have  been  marketed 
and  sold,  with  a description  of  those  principles 
and  parts  of  the  machines  which  have  contri- 
buted to  the  knowledge  which  we  now  possess, 
and  which  are  actually  in  use  to-day,  will 
suffice.  I will  therefore  proceed  to  the  con- 
sideration of  my  subject  upon  these  lines,  and 
perhaps  I may  be  permitted  to  say  that,  al- 
though there  are,  and  have  been,  many 
mechanical  minds,  both  now  and  in  the  past, 
devoted  to  perfecting  the  cycle,  this  branch  of 
thought  is  not  without  its  fads,  and  there  are 
also  some  who  seek  to  make  capital,  thus  late  in 
the  day,  out  of  what  were  their  ideas  in  former 
years,  although  they  may  never  have  gone 
beyond  the  experimental  stage,  or  may  never 
have  been  placed  before  the  public  at  all.  It 
will  not  be  part  of  my  purpose  to  notice  such 
matters  as  these  ; I shall  confine  myself  to 
those  ideas  which  were  marketed,  and  per- 
severed with,  until  they  became  well-known 
and  actual  articles  of  commerce. 

Although  the  bicycle  has  been  before  the 
world  for  about  thirty  years,  its  evolution  in 
the  diversity  of  pattern,  with  one  or  two  ex- 
ceptions, may  be  said  to  have  taken  place 
between  its  original  introduction  and  1885. 
Its  perfection,  transformation,  and  the  almost 
complete  extinction  of  all  but  one  class  mark 
the  period  between  1885  and  1895  ; since  that 
time  there  has  been  little  more  than  alteration 
of  details. 

The  first  attempt  at  balancing  upon  two 
wheels  was  made  by  mounting  the  wheels, 
tandem  fashion,  and  connecting  them  with  a 
piece  of  wood  about  three  feet  long,  upon 
which  the  rider  sat  midway  between  the  two 
wheels  with  the  rear  wheel  fixed,  and  the  front 
wheel  pivoted,  steered  by  a handle,  the  mo- 
mentum being  set  up  and  maintained  by 
striking  the  ground  in  a backward  direction 
with  the  feet.  This  machine  was  known  as 
the  hobbyhorse.  About  the  year  1865,  Lalle- 
mont,  a Frenchman,  conceived  the  idea  of 
fitting  cranks  and  pedals  direct  to  the  centre 
of  the  front  wheel,  and  this  machine  was 
commonly  known  as  the  boneshaker ; this 
appears  to  have  been  the  first  machine  to  be 
placed  upon  the  market  which  had  anything 
like  a sale.  It  was  just  before  the  siege  of 
Paris  when  Mr.  Turner  (nephew  of  Mr.  Turner, 
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late  manag-er  of  the  Coventry  Machinists’ Com- 
pany) brought  such  a machine  to  Coventry; 
and  it  was  while  there  as  works  manager  that 
the  late  James  Starley  saw  this  machine,  and, 
realising  what  possibilities  there  were  in  the 
development  of  it,  began  experiments  to 
change  it.  It  is  questionable,  however,  whether 
this  was  the  first  machine  introduced  into  Eng- 
land, as  there  appear  to  have  been  other 
minds  at  work  in  London  and  elsewhere,  im- 
proving, patenting,  and  endeavouring  to  perfect 
the  cycle.  Although  patents  were  taken  out 
for  front  driving  and  rear  driving,  for  ratchet 
driving  and  gearing  up,  very  little,  if  any- 
thing, came  of  these  inventions  ; cycling  was 
largely  confined  to  the  boneshaker,  the  wheels 
of  which  were  altered  in  size,  and  the  various 
details  of  the  machine  from  time  to  time 
improved. 

It  was  late  in  the  sixties  when  Mr.  James 
Starley  applied  the  first  step  to  a bicycle  ; 
before  that  all  the  machines  were  mounted  by 
running  alongside  and  vaulting  into  the  saddle, 
but  by  reason  of  his  weight  Mr.  Starley  found 
it  preferable  to  mount  by  a step.  This  was 
first  applied  by  him  and  has  been  in  use  ever 
since.  He  also  made  a foot-rest  instead  of  a 
leg-rest.  He  applied  a C-shaped  spring,  instead 
of  the  old-fashioned,  almost  straight,  spring, 
originally  in  use,  and  was,  I think,  the  first 
man  to  reduce  the  rear  wheel  to  reasonable 
proportions.  This  machine  was  made  by  the 
Coventry  Machinists’  Company,  and  sold  as 
the  Coventry  Model,  thus  adding  the  manu- 
facture of  cycles  to  their  business  of  sewing- 
machine  makers.  They  were  the  only  firm  in 
Coventry  to  make  cycles  at  that  time. 

In  November,  1868,  patent  No.  3469,  Brad- 
ford mentions  the  peripheries  of  the  wheels  as 
covered  with  rubber,  or  other  elastic  material, 
and  on  the  21st  December,  1868,  we  find  that 
E.  A.  Cowper  took  out  a patent.  No.  3886,  for 
a velocipede,  the  wheels  of  which,  he  states, 
are  made  with  hollow  felloes  and  steel  wire 
spokes  on  the  suspension  principle,  and  are 
fitted  with  rubber  tyres. 

The  suspension  wheel  w'as  a great  advance 
upon  anything  which  had  hitherto  been  made, 
and  has  continued  in  use  ever  since.  It  was 
made  in  the  first  place  by  heading  the  spokes, 
screwing  down  screw  nipples  into  the  hubs, 
and  tightening  them  with  lock  nuts.  I have 
been  unable  to  ascertain  by  whom  this  wheel 
was  first  made,  many  claiming  the  distinction. 
However,  it  was  not  long  after  this  that  Mr. 
James  Starley  and  Mr.  William  Hillman,  who 
were  the  first  to  start  in  the  bicycle  trade  in 


Coventry  as  a purely  cycle  making  firm,  in- 
troduced a wheel  made  with  flat  spokes  passed 
over  a wooden  rim,  to  which  a rubber  tyre  was 
attached.  This  was  the  first  rubber  tyre  to  be 
fitted  to  velocipede  wheels  in  Coventry. 

The  next  wheel  of  distinction  was  the 
Aerial,  patent  No.  2236/70,  Starley  and  Hill- 
man, the  spokes  of  which  were  made  in  pairs, 
constructed  in  such  a way  that  all  the  lateral 
pressure  on  the  spokes  set  up  by  pedalling  was 
removed  from  the  spokes  by  a tension  lever 
connected  to  the  rim.  This  patent  also  con- 
tained a method  of  gearing  up  the  front  wheel 
of  a bicycle  by  the  application  of  toothed 
gearing,  and  was  constructed  in  much  the 
same  way  as  the  present  geared  ordinar}'  or 
Bantam,  and  soon  after  I went  to  Coventry  in 
1872,  I rode  such  a machine  very  frequently. 
It  was  known  as  the  Geared  Bicycle,  and  I 
believe  one  championship  was  won  on  this 
make  of  machine. 

In  1874,  Mr.  James  Starley,  who  had  con- 
tinued experimenting  upon  wheels,  introduced 
the  tangent  wheel,  patent  No.  3,939,  which 
has  been  in  use  ever  since ; for  although  the 
details  of  its  manufacture  have  varied  some- 
what considerably,  the  principle  upon  which  it 
is  built  has  never  been  departed  from,  and  few 
machines  are  now  made  which  are  not  fitted 
with  tangent  wheels.  The  introduction  of  this 
marks  a distinct  development  in  wheel-making, 
and  it  will  be  seen  that,  early  in  the  history  of 
the  cycle,  Mr.  Starley  foresaw  the  necessity  of 
bringing  the  driving  pressure  on  to  the  spokes 
by  a direct  pull.  This  method  of  construction 
admits  of  very  much  lighter  spokes  being 
used  than  could  be  fitted  if  direct  spokes  were 
employed,  and  it  is  probable  that  the  double- 
butted  spokes  in  such  universal  use  could  never 
have  been  introduced  but  for  the  perfect 
principle  of  this  wheel. 

Although  I have  tried  to  ascertain  who  was 
the  first  to  fit  velocipede  wheels  with  rubber 
tyres,  I have  failed  to  do  so.  Many  claim 
the  honour.  The  first  must  have  been  fitted, 
however,  somewhere  about  1867  or  1868,  and 
although  in  the  first  instance  such  t}Tes  were 
generally  placed  upon  a flat  rim,  and  fastened 
by  nails  or  rivets,  or  some  such  device,  it  was 
not  long  before  a V or  U shaped  rim  was  used, 
into  which  the  tyres  were  placed  and  fastened 
with  cement. 

Several  attempts  were  made  to  fasten  t}Tes 
with  wire,  and  many  were  made  with  a hole 
through  their  centre  ; wires,  the  ends  of  which 
were  secured  in  various  ways,  were  used, 
but  nothing  succeeded  until  Hookham  con- 
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ceived  the  idea  of  corrugating  the  wire  and 
springing  the  tyre  into  the  rim. 

The  solid  tyre  proved  such  a great  advance 
over  anything  else  known  that  for  years  it  was 
used  with  little  variation  other  than  in  size  or 
diameter. 

For  several  years  inventors  had  been  en- 
deavouring to  apply  anti-frictional  bearings  to 
reduce  friction,  and  many  ingenious  devices 
were  tried.  The  bearings  were  usually  made 
in  a true  circle,  instead  of  being  made  in  two 
halves  as  originally,  but  with  the  introduction 
of  such  circular  bearings,  the  necessity  for  a 
crank  that  could  be  attached  and  detached 
was  of  vital  importance,  and  it  was  at  this  time 
I took  out  my  first  patent.  No.  4/178,  1876. 
This  new  crank  was  attached  by  a transverse 
key,  which  speedily  became  almost  universal 
in  its  application,  and  has  been  in  use  ever 
since,  for  notwithstanding  one  or  two  other 
methods  are  employed  for  the  purpose  of 
attaching  a crank,  the  transverse  key  may  be 
said  to  be  the  most  satisfactory  of  any  prin- 
ciple which  has  yet  been  used.  It  is  worthy  of 
note,  too,  that  little,  if  any,  alteration  has  been 
made  in  the  manner  of  fastening  the  key ; nor 
does  there  appear  to  be  any  likelihood  that 
cranks  attached  in  any  other  ways  will  be 
generally  used,  few  inventions  having  proved 
more  permanent  and  useful  than  this  detach- 
able crank. 

Although  several  of  the  circular  bearings 
found  a moderate  sale,  it  was  not  until  the 
merits  of  the  ball  bearing,  patented  by  Hughes 
in  1877  (3531),  and  introduced  by  Down,  had 
become  known,  that  this  bearing  slowly  but 
surely  occupied  the  whole  field,  for  when 
Hughes  succeeded  in  making  this  adjustable, 
its  simplicity,  both  in  vertical  and  lateral 
adjustment,  was  so  perfect,  and  the  ease  with 
which  it  could  be  made  and  adjusted  to  ensure 
a perfect  fit  speedily  secured  for  it  the  premier 
position  amongst  all  bearings,  and  it  is  not  too 
much  to  say  that  to  the  inventor  of  this  is  due 
a large  share  of  the  credit  for  the  perfect  cycle 
which  we  have  in  use  to-day.  From  its  appli- 
cation to  the  front  wheel  it  was  carried  to  the 
back  wheel,  and  ultimately  to  the  pedals,  until 
there  is  no  cycle  bearing  now  in  use  that  is 
not  made  in  this  way.  No  cycle,  whether 
bicycle,  tricycle,  tandem,  or  triplet,  could  be 
sold  unless  fitted  with  this  bearing,  and  pro- 
bably, with  the  exception  of  the  pneumatic 
tyre,  there  is  no  portion  of  a cycle  which  plays 
a more  vital  part  in  its  ease  of  running  than 
the  ball  bearing.  Few  inventors  in  the  cycling 
world  can  be  said  to  have  achieved  so  much 


as  Hughes  by  this  addition  to  the  perfection  of 
the  modern  cycle. 

From  solid  forgings  the  framework  of  the 
machine  came  to  be  made  of  tubing,  and 
from  welding  such  parts,  brazing  rapidly  took 
its  place.  Although  the  fork,  sides  and 
backbone  were  made  in  this  way,  it  was  some 
few  years  before  the  back  fork  or  the  steering 
head,  pivot,  and  handle-bar  were  made  hollow, 
and  the  ordinary  bicycle  still  continued  to  hold 
the  field. 

In  1874,  patent  No.  3959,  we  find,  for  the 
first  time,  a bicycle  introduced  for  the  use  of 
ladies.  Mr.  James  Starley  conceived  the  idea 
of  making  a machine  having  two  pedal  levers 
placed  on  one  side  of  the  wheel ; the  backbone 
of  this  machine  was  cranked  with  a Z-shaped 
crank : the  saddle  was  mounted  half-way 
along  the  centre,  that  it  might  be  easily 
mounted,  and  the  back  wheel  was  canned  out 
behind  as  in  the  form  of  an  ordinary  bicycle, 
except  that  the  two  wheels  did  not  track  ; the 
back  wheel  was  placed  about  eighteen  inches 
out  of  line  of  the  front  wheel.  It  was  tricky 
in  its  steering,  and  the  idea  of  placing  a 
third  wheel  in  front  led  to  the  introduction 
of  the  Coventry  tricycle,  of  which  I speak 
later.  The  pedal  levers  were  attached  to  the 
front  wheel  of  this  machine  very  similar  to 
the  manner  of  the  ’Xtraordinary,  except  that 
they  were  both  on  one  side  of  the  machine. 
The  patent  states  that  two  sets  of  levers 
may  be  used.  It  will  be  seen  that  this  marks 
the  date  at  which  a sociable  bicycle  was  first 
thought  out  and  designed. 

About  June,  1876,  Messrs.  Likeman  and 
Lawson  took  out  a patent.  No.  2649,  for  a 
safety  bicycle  driven  by  levers  attached  to  the 
back  wheel.  This  may  be  said  to  have  been 
the  first  safety  bicycle  which  was  made  and 
marketed.  The  machine  was  manufactured 
by  Singer,  and  had  a limited  sale,  but  did  not 
continue  as  a marketable  machine  for  very 
long.  The  pedal  levers  were  worked  in  much 
the  same  way  as  on  Starley ’s  bicycle,  but  were 
placed  nearer  the  ground,  the  machine  being 
made  in  such  a manner  that  it  could  be 
mounted  from  the  ground ; indeed,  having 
such  a large  wheel  behind,  it  could  hardly  be 
mounted  in  any  other  way. 

In  November,  1876,  Mr.  Starley  took  out  a 
patent.  No.  4478,  for  the  Coventry  tricycle, 
which  was  suggested  to  him  by  the  lady’s 
bicycle  to  which  I have  before  alluded. 

This  machine  was  made  with  a large  driving 
wheel  on  one  side,  mounted  on  a double-throw 
crank,  to  which  were  attached  adjusting  rods. 
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to  be  connected  with  the  pedal  levers  by  which 
the  machine  was  worked.  On  the  opposite 
side  of  the  machine  were  two  small  wheels 
mounted  in  sockets  ; these  were  connected  by 
a rod  which  crossed  from  one  side  to  the 
other,  so  that  when  it  was  desired  to  turn  a 
corner,  if  the  front  wheel  was  turned  to  the 
right,  the  rear  wheel  was  turned  to  the  left. 
This  may  be  said  to  be  the  first  tricycle  made 
which  obtained  a successful  run  in  the  market. 
It  was  driven  from  one  side  only,  and  steered 
by  a bath  chair  type  of  handle.  The  two  side 
wheels,  being  placed  some  distance  apart, 
caused  the  machine  to  run  very  steady. 

The  Coventry  tricycle  was  speedily  followed 
by  Blood’s  Dublin  tricycle,  which  was  made 
with  a rear  driving  wheel  placed  centrally,  and 
this  was  also  driven  by  levers  similar  to  the 
manner  of  the  Coventry  tricycle.  The  two  front 
wheels  were  pivotted  in  such  a way  that  the 
inner  wheel  always  described  a smaller  circle 
than  the  outer  wheel,  whichever  way  the  ma- 
chine was  turned. 

This  was  an  ingenious  device,  and  the 
method  of  connecting  these  two  wheels  has 
been  adopted  in  all  tricycles  driven  by  the  back 
wheel  since  that  time.  The  Dublin  tricycle 
was,  I believe,  made  by  Messrs.  Hillman, 
Herbert  and  Cooper;  it  had  a very  limited 
sale. 

Not  long  after  this,  Mr.  James  Starley  made 
a sociable  tricycle,  which  may  be  described  as 
being  a double  Coventry  tricycle,  with  a large 
driving  wheel  on  each  side,  and  the  double- 
throw cranks  working  independently  to  enable 
the  machine  to  be  turned  round  corners.  This 
was  really  the  first  successful  sociable  made. 
It  had  a moderate  sale.  While  testing  this 
machine  he  found  what  a loss  of  power  resulted 
from  the  side  thrust  when  the  pedalling  of  the 
riders  was  not  in  unison,  and  it  was  to  over- 
come this  defect  that  he  turned  his  mind 
to  a different  method  of  driving.  In  Sep- 
tember, 1877,  he  took  out  a patent  — No. 
3388  — for  the  Salvo  tricycle,  which  was 
the  first  machine  constructed  with  double 
driving-gear.  It  was  made  in  the  following 
manner.  The  two  large  driving  wheels  were 
mounted  on  an  axle,  one  firmly  attached  to  one 
end  of  the  axle,  while  at  a convenient  distance 
near  to  the  other  end  was  attached  a bevel 
wheel.  The  chain  w'heel  which  was  mounted 
on  the  axle  carrying  a pinion  was  geared  into 
this  bevel  wheel,  the  driving  wheel  which  fitted 
on  this  side  of  the  machine  was  also  fitted  with 
a bevel  wheel,  and  this  in  its  turn  was  geared 
into  the  pinion  on  its  opposite  side.  A double 


throw  crank,  having  at  its  end  a chain  wheel 
corresponding  with  the  chain  wheel  on  the 
axle,  was  suitably  mounted,  the  two  being 
connected  by  a chain.  On  applying  power  to 
the  crank,  the  chain  wheel  with  its  pinion  was 
driven,  and  the  pinion  imparted  an  equal 
pressure  to  both  bevel  wheels,  thus  imparting 
motion  to  the  driving  wheels,  and  in  this  way 
both  wheels  were  driven.  On  turning  a corner, 
when  it  became  necessary  for  one  wheel  to 
travel  faster  than  the  other,  the  pinion  mounted 
in  the  axle  chain  wheel  simply  revolved  in  the 
teeth  of  the  bevel  wheels.  This  was  the  first 
time  a tricycle  had  been  made  where  the  two 
side  wheels  were  thus  driven,  and  so  perfect 
was  this  in  principle  that  no  successful  tricycle 
has  ever  been  made  with  the  tw'o  wheels  driven 
without  this  method.  It  is  impossible  to 
over-estimate  the  impetus  this  wonderful 
invention  gave  to  the  tricycle,  and  from 
that  time  the  demand  for  them  increased  at  a 
rapid  rate.  It  may  be  said  to  have  formed  a 
turning  point  in  the  history  of  the  tricycle,  and 
the  Salvo,  the  machine  to  which  this  was  first 
fitted,  speedily  became  famous. 

Now  it  will  be  noticed  that  until  this  time  a 
lever  action  was  universally  used,  but  with  the 
introduction  of  the  Salvo  balance  gear  and  its 
chain  a rotary  motion  was  introduced  for  tri- 
cycles in  place  of  the  lever  action,  and  although 
alternative  mechanism  and  devices  have  been 
tried  from  time  to  time,  nothing  has  yet  suc- 
ceeded in  taking  the  place  of  this  rotary 
pedalling,  whilst  the  chain  to-day  may  be  said 
to  be  in  universal  use  for  bicycles,  tricycles, 
tandems,  and  triplets,  and,  indeed,  for  nearly 
every  saleable  machine.  The  application  of 
the  chain,  therefore,  marks  a very  extraordinary 
epoch  in  the  history  of  the  development  of  the 
cycle,  and  the  ease  with  which  the  wheels  can 
be  attached  and  detached  and  varied  in  size, 
so  that  a higher  or  lower  gear  may  be  obtained, 
renders  it  one  of  the  most  perfect  and  efficient 
methods  of  transmitting  power  at  present 
known. 

It  is  worthy  of  special  note  that  it  was  on  the 
Salvo  tricycle  that  the  first  chain  was  ever 
applied  to  a cycle.  At  the  time  Mr.  Starley 
introduced  it  he  did  not  know  where  a chain 
could  be  procured  ; and  he  therefore  had  to 
make  the  first  few  chains  with  his  own  hands. 
It  was  not  long,  however,  before  a Manchester 
firm  began  to  supply  them.  They  were  known 
as  roller  chains,  and  had  two  outer  links,  to 
which  studs  were  secured,  and  two  inner  links, 
mounted  loosely  on  the  larger  diameter  of  the 
studs,  having  a_bowl  or  roller  to  work  on  the 
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studs  between  the  two  inner  links  to  keep  them 
the  right  distance  apart.  It  w'as  not  long  after 
this  chain  began  to  be  used  that  I conceived 
the  idea  of  m.aking  chains  with  this  sleeve  or 
bush  to  be  passed  through  and  attached  to  the 
inner  links,  so  as  to  form  a broader  bearing 
and  wearing  surface  which  should  fit  the  whole 
length  of  the  large  diameter  of  the  stud, 
having  in  turn  a loose  bowl  on  the  outer 
diameter  of  the  sleeve.  About  this  time  Mr. 
Hans  Renold  conceived  the  idea  of  making  a 
chain  in  this  way,  and  brought  such  a chain  to 
Coventry  for  me  to  see.  On  telling  him  that  I 
had  suggested  the  idea  to  a rival  maker,  he 
very  kindly  allowed  me  a royalty  on  all  chains 
we  used.  It  is  worthy  of  note  that  at  the  time 
this  chain  was  introduced  it  was  made  with  a 
I in.  pitch,  very  similar  to  W'hat  is  now  in  use, 
except  that  it  was  not  so  perfect  in  detail. 

The  Salvo  was  also  the  first  machine  to  be 
fitted  with  a band  brake,  a powerful  and 
efficient  means  of  controlling  the  machine, 
which  was  almost  universally  applied,  and  con- 
tinued in  use  for  many  years. 

With  this  machine  was  also  introduced  the 
rack  and  pinion  steering.  This  was  con- 
structed in  the  following  manner.  A spade- 
shaped bracket  was  attached  to  a spindle, 
to  which  was  affixed  a small  pinion.  The 
steering  wheel  was  mounted  in  a socket  having 
an  arm  extending  on  one  side,  to  which  was 
attached  a toothed  rod  or  rack.  This  rack  was 
connected  with  the  pinion,  into  which  it  was 
geared.  To  steer  the  machine  the  handle  was 
turned  to  the  right  or  left,  according  to  which 
way  the  machine  was  desired  to  travel,  and 
this  principle  of  steering  was  applied  almost 
universally  to  all  tricycles  for  several  years. 

In  the  early  history  of  the  bicycle,  when  a 
long  reach  was  required,  the  saddles  were 
mounted  on  flat  springs,  and  were  made  by 
simply  placing  leather  over  a bent  sheet  of 
steel,  with  little  or  no  padding  between.  In 
1878,  Messrs.  Lamplugh  and  Brown  introduced 
a saddle  in  which  the  leather  was  suspended 
above  the  saddle  plate.  This  was  known  as  the 
suspension  or  long  distance  saddle,  and  all 
saddles  have  been  made  upon  this  principle 
ever  since. 

In  1879,  Harrington  introduced  his  cradle 
spring,  patent  3849,  by  which  a coil  and 
S-shaped  spring  was  fitted,  and  this  had  a 
good  run.  Afterwards,  on  the  introduction  of 
the  tricycle,  there  being  more  room  for  the 
purpose  of  applying  a saddle  and  spring, 
many  were  the  devices  set  up  to  obtain  greater 
elasticity  and  ease.  Springs  of  all  kinds  came  ^ 


in  for  their  share  of  attention,  while  a double- 
plate with  three  coil  springs  attached  to  a 
vertical  saddle  pin  secured  a passing  success. 
It  was  speedily  found  that  a combination 
spring  and  saddle  was  after  all  the  best,  and 
this  form  of  saddle  is  now  almost  universally 
used. 

In  1878,  Doubleday  and  Humber  patented 
the  Humber  tricycle,  patent  No.  3126.  This 
machine  had  two  front  wheels,  one  of  which 
was  driven  by  a chain.  Later  on  it  was  fitted 
with  Starley’s  balance  gear.  A backbone, 
carrying  a back  wheel,  was  pivoted  to  a pivot 
head  placed  at  the  centre  of  the  axle.  A 
spring  and  saddle  were  mounted  on  the  back- 
bone, upon  which  the  rider  sat  to  pedal  and 
guide  the  machine.  It  was  steered  by  an 
ordinary  bicycle  handle-bar,  which  turned  the 
whole  of  the  front  part  of  the  machine,  includ- 
ing the  pedals.  It  was  on  this  machine  that 
central  chain  driving  was  first  introduced.  Up 
to  this  time  all  machines  which  had  been  driven 
by  Starley’s  balance  gear  were  connected  by 
the  chain  at  the  side  of  the  machine  instead  of 
the  centre.  The  chain  running  on  the  side 
wheels,  motion  was  imparted  by  pedalling  a 
double  throw  crank.  These  cranks  were  some- 
what cumbrous  and  heavy.  But  in  central  chain 
driving,  introduced  on  the  Humber  tricycle,  a 
narrow  bracket,  containing  ordinary  bicycle 
ball  bearings  was  fitted,  together  with  ordinary 
bicycle  cranks  and  pedals ; these  were  much 
neater  and  lighter,  and  although  there  was  no 
new  principle  introduced  it  was,  from  a me- 
chanical point  of  view,  a great  advance  in  cycle 
construction  upon  anything  that  had  been  pro- 
duced before,  and  this  tricycle,  upon  which  the 
rider  obtained  a bicycle  position  for  pedalling, 
had  much  success.  The  machine,  however, 
having  to  be  held  true  by  the  hands,  caused 
a certain  amount  of  strain  to  be  set  up  to  keep 
the  wheels  straight,  notwithstanding  which  it 
was  one  of  the  most  favoured  tricycles. 

It  is  worthy  of  note  that  the  central  driving, 
introduced  by  Humber  on  this  machine,  has 
been  in  use  for  driving  tricycles  ever  since, 
with  no  alteration  except  in  a few  details.  It 
must  therefore  be  regarded  as  having  in  no 
small  degree  helped  forward  the  perfection  of 
the  modern  tricycle. 

In  1878,  Mr.  Singer  took  out  a patent  No. 
4265  for  a bicycle  he  called  the  ’Xtraordinary. 
This  bicycle  was  made  in  much  the  same  form, 
and  with  wheels  similar  in  size  to  the  ordinar}" 
bicycle,  but  the  front  forks  were  sloped  back- 
ward. It  had  two  rocking  levers,  one  placed 
on  each  side  of  the  forks,  to  which  were 
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attached  two  pedal  levers,  in  turn  attached  to 
the  cranks,  which  were  fitted  to  the  centre 
of  the  driving  wheel.  The  pedal-levers  were 
extended  back  some  distance  to  the  rear  of 
the  front-wheel  axle,  so  that,  although  the 
rider  sat  in  a much  more  backward  position, 
the  pedals  were  carried  well  under  him,  and 
he  could  exercise  great  pressure  upon  them. 
So  comfortable  and  safe  was  this  machine, 
and  free  from  headers  as  compared  to  the 
ordinary,  that  it  soon  became  a great  favourite, 
and  had  a large  sale  for  several  years. 

The  ’Xtraordinary  may  therefore  be  said  to 
have  been  the  first  successful  bicycle  which 
was  driven  other  than  by  the  pedal  crank 
attached  directly  to  the  centre  of  the  front 
wheel. 

The  demand  for  tricycles  now  having  largely 
increased,  and  it  having  been  found  incon- 
venient to  store  them,  a demand  arose  for  a 
tricycle  which  could  be  made  to  fold  up  or  take 
to  pieces.  To  meet  this  demand  J.  M.  Starley 
and  myself  took  out  a patent  in  1878,  No.  4658, 
for  a tricycle  which  was  known  as  the  Com- 
pressus.  This  new  machine  was  constructed 
in  such  a way  that  it  could  be  divided  into  two 
parts,  and  the  two  large  wheels  folded  close  to 
the  framework.  By  this  means  the  whole  thing 
took  up  very  little  room.  The  Compressus  was 
driven  by  a chain  connected  to  the  front  wheel 
of  the  machine,  and  was  the  first  machine  to  be 
made  geared  up  with  the  chain  driving. 

This  machine  was  speedily  followed  by  the 
Compressus  No.  2 and  the  Tom-tit,  both  of 
which  met  with  a fair  demand. 

In  1879,  I also  made  a tandem  in  this  way, 
with  the  rear  portion  detachable  so  that  it  could 
be  removed  at  will.  This  machine  was  the 
first  that  had  a front  or  rear  central  driving 
wheel,  geared  up  by  a chain. 

In  the  same  year  H.  J.  Lawson  took  out  a 
patent  for  the  Bicyclette.  This  machine  was 
driven  from  the  back  wheel  by  a chain,  and  was 
so  designed  that  the  rider  could  sit  low  to  avoid 
headers.  The  Bicyclette  was  merely  geared 
up  to  the  level  of  an  ordinary  bicycle,  and 
ordinary  bicycle  cranks  w'ere  fitted.  Nothing 
was  claimed  for  it  except  its  safety  from 
headers,  and  although  it  was  placed  upon  the 
market,  it  never  had  a sale,  and  speedily  went 
out  of  existence.  Amongst  bicycles  the 
Ordinary  and  the  ’Xtraordinary  were  still 
holding  the  field. 

In  1878,  Messrs.  Ellis  and  Co.  introduced 
the  Facile.  This  was  a machine  made  with  a 
smaller  front  wheel,  mounted  in  forks  having 
extensions  projecting  to  the  front  of  the 
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machine,  to  which  w’ere  attached  connecting 
rods,  in  turn  connected  by  short  cranks  affixed 
to  the  centre  of  the  driving  wheel,  so  that  the 
pedals  were  taken  further  back  than  on  an 
ordinary  bicycle.  By  this  device  the  rider 
could  sit  both  lower  and  further  back,  and  in  a 
safer  position. 

This  machine  may  be  described  as  an 
’Xtraordinary  bicycle  on  a small  scale,  but 
having  a safer  position  elderly  riders  took  to 
it,  and  it  proved  a great  favourite  for  several 
years,  and  largely  increased  the  number  of 
those  who  cycled. 

This  machine  w^as  the  first  successful 
machine  of  the  safety  class ; yet,  like  the 
’Xtraordinary,  one  revolution  of  the  pedals 
imparted  one  revolution  only  to  the  driving 
w'heel,  consequently  it  had  to  be  pedalled  very 
fast  if  anything  like  speed  was  to  be  obtained. 

The  demand  for  tricycles,  how’ever,  was 
largely  on  the  increase  at  this  time,  to  meet 
which  Messrs.  Bayliss  and  Thomas  introduced 
the  Excelsior. 

This  machine  w’as  known  as  the  hay-fork 
pattern  frame,  and  was  the  first  of  its  kind,  and 
w’as  introduced  1878.  Its  absence  of  uniformity 
caused  many  to  ask  for  a machine  made  with 
wheels  of  equal  size,  to  meet  which  Messrs. 
Starley  and  Sutton  introduced  the  Meteor  tri- 
cycle. This  machine  was  designed  on  the 
lines  of  the  Excelsior,  and  was  copied  by  many 
makers  ; it  had  a large  sale  for  several  years. 
It  was  on  this  machine  I introduced  the  first 
L seat  pillar,  which  has  been  in  universal  use 
ever  since. 

While  this  machine  was  in  vogue,  the  Coven- 
try Machinists’  Company  introduced  a machine 
identical  in  shape,  with  driving  ratchets  and 
pawls,  and  two  chains,  by  which  both  wheels 
were  driven  when  running  in  a straight  line  ; 
on  turning  a corner  the  wheel  which  ran  the 
quickest  was  free  to  run  forward,  and  this 
machine  had  a very  good  sale. 

Some  little  time  after  this,  Mr.  T.  Humber 
introduced  the  Cripper  tricycle  ; this  machine 
was  constructed  with  two  rear  wheels  driven 
by  a balance  gear,  as  in  the  Humber  tricycle. 
It  had  a small  front  steering-wheel,  while  an 
ordinary  bicycle  handle  bar  was  connected  by 
a direct  connection  with  this  wheel.  The 
socket  tube,  carrying  the  handles,  sloped  back- 
wards, and  was  known  as  the  sloping  steering- 
post.  This  was  the  first  machine  made  with 
the  handles  sloping  backwards  in  this  way. 
Up  to  the  time  of  its  introduction  nearly  all 
the  machines,  whether  rear-steerers  or  front- 
steerers,  had  been  steered  by  a rack  and 
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pinion,  so  that  this  sloping  steering-post 
marked  a distinct  era  in  the  history  of  the 
cycle,  for  no  double -driving  tricycles  have  been 
made  since  except  in  this  way,  while  for  the 
present  form  of  bicycle,  the  sloping  steering- 
post  is  in  universal  use,  and  must  be  classed 
as  one  of  the  things  which  have  contributed  in 
no  small  degree  to  the  perfection  of  the  modern 
cycle,  both  bicycles  and  tricycles. 

Towards  the  latter  end  of  1883,  Messrs. 
Hillman,  Herbert,  and  Cooper  introduced  the 
Kangaroo. 

This  was  built  on  the  lines  of  an  Ordinary, 
and,  like  it,  was  driven  by  the  front  wheel,  but 
instead  of  the  cranks  being  attached  to  the 
centre  of  the  front  wheel,  the  front  wheel  was 
mounted  in  a fork,  having  extensions  reaching 
down  on  each  side,  about  9 in.  below  the 
centre  of  the  wheel,  such  extensions  being 
mounted  with  ball  bearing  brackets  which 
carried  a crank  on  the  outer  side  and  a chain 
wheel  on  the  inner  side  both  sides  of  the 
machine.  The  front  wheel  hub  was  made  to 
run  loosely  on  the  spindle,  and  had  a chain 
wheel  placed  on  each  side  of  it,  so  that  the 
cranks  fitted  to  the  fork  extensions  could  be 
connected  by  two  chains,  and  the  chain  wheels 
could  be  made  of  variable  sizes,  enabling  the 
machine  to  be  geared  up.  This  was  the  first 
time  a safety  bicycle  was  successfully  produced 
in  which,  by  one  revolution  of  the  crank,  the 
driving  wheel  travelled  further  than  the  driving 
wheel  of  an  Ordinary  bicycle.  Not  only  did  it 
establish  the  principle  of  gearing  up  a bicycle, 
but  it  was  the  first  cycle  upon  which  was  intro- 
duced longer  cranks,  about  7 in.,  for,  in  the 
desire  to  reach  the  higher  machine  in  the  days 
of  the  Ordinary,  not  only  was  the  saddle 
mounted  low,  so  as  to  get  a longer  reach,  but 
very  often  the  cranks  were  made  very  short, 
so  that  a short  rider  could  reach  a higher 
machine  and  travel  at  a quicker  speed ; but 
by  gearing  up  the  Kangaroo,  not  only  could 
the  crank  of  an  ordinary  length  be  used,  but  a 
crank  longer  than  the  normal  length  was 
speedily  fitted,  and  the  machine  was  geared 
up  to  a higher  rate  of  speed  than  had  ever 
been  before  used  on  a bicycle.  It  is  no  wonder 
that  this  machine  had  an  enormous  run. 
During  the  year  1884  there  were  few  first-class 
makers  who  did  not  m.ake  a like  pattern,  and 
new  records  and  a number  of  long  distances 
were  ridden,  which  could  never  have  been 
achieved  on  the  ordinary  bicycle. 

Notwithstanding  the  great  demand  for  this 
machine,  the  sale  for  tricycles  continued,  and 
in  1883  I introduced  what  was  known  as  the 


Rover  tricycle.  This  was  largely  on  the  lines 
of  the  Humber,  except  that  it  was  steered  by 
the  back  wheel.  This  contained,  for  the  first 
time,  the  position  which  was  embodied  in  the 
Rover  bicycle  later  on. 

A large  number  of  different  patterns  were 
manufactured  about  this  time,  bicycles  and  tri- 
cycles in  various  forms,  together  with  carriers, 
sociables,  and  tandems  were  in  great  demand  ; 
but  the  year  1884  was  a Kangaroo  year. 
Records  were  made  upon  this  machine  which 
proved  its  superiority  in  speed  over  any  bicycle 
previously  introduced,  and  a large  trade  was 
being  done  by  its  introducers,  other  makers 
also  copying  it.  Although  I was  urged  on 
many  occasions  to  make  such  a bicycle,  I felt 
the  time  had  arrived  for  solving  the  problem  of 
the  cycle,  and  I resolved  to  make  a bicycle 
embodying  the  principles  introduced  in  the 
Rover  tricycle.  I therefore  turned  my  attention 
solely  to  the  perfection  and  manufacture  of  the 
Rover  bicycle. 

The  main  principles  which  guided  me  in 
making  this  machine  were  to  place  the  rider  at 
the  proper  distance  from  the  ground ; to  con- 
nect the  cranks  with  the  driving  wheel  in  such 
a way  that  the  gearing  could  be  varied  as 
desired  ; to  place  the  seat  in  the  right  position 
in  relation  to  the  pedals,  and  constructed  so 
that  the  saddle  could  be  either  laterally  or 
vertically  adjusted  at  will ; to  place  the  handles 
in  such  a position  in  relation  to  the  seat  that 
the  rider  could  exert  the  greatest  force  upon 
the  pedals  with  the  least  amount  of  fatigue  ; 
and  to  make  them  adjustable  also.  In  the 
Rover,  these,  my  cardinal  principles,  were  all 
carried  out,  and  although  many  alterations 
and  improvements  have  been  since  effected  in 
detail,  it  is  a fact  that  there  is  not  more  than 
two  or  three  inches  difference  to-day  in  any  of 
the  points  first  em.bodied  in  the  Rover. 

At  the  tim.e  this  machine  was  introduced, 
it  created  a certain  amount  of  ridicule.  It 
was  so  different  in  design  from  anything ' 
else  made.  It  was  not  long,  however,  before ' 
we  determined  to  prove  that  it  possessed ' 
qualities  which  had  never  before  been  em-  ] 
bodied  in  a cycle.  In  September,  1885,  we  | 
broke  the  world’s  record  for  one  hundred; 
miles  on  the  road.  From  that  day  to  this* 
we  have  had  with  it  one  uninterrupted  and  I 
ever-increasing  success ; while  we  have  the  | 
satisfaction  of  seeing  that  all  cycles,  with  | 
the  exception  of  the  Bantam,  whether 
driven  by  the  front  or  back,  or  by  the  side  | 
wheels,  have  slowly  but  surely  had  to  give 
way  before  it,  until  there  is  not  a bicycle. 
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tricycle,  tandem,  triplet,  or  quadruplet  which 
is  not  manufactured  substantially  upon  the 
same  lines. 

Writing-  upon  this  machine  in  the  “Year 
Book”  for  1885,  Henry  Sturmey  says  : — “ It 
is  both  safe  and  fast,  and  when  used  to  the 
steering,  possesses  quite  a number  of  un- 
foreseen merits.” 

The  same  writer  (Mr.  Sturmey),  in  an  article 
on  “Wheels  of  the  Period,”  also  in  1885, 
says  : — “ Amongst  the  foremost  firms  in 
Coventry  to  introduce  ‘ good  things  ’ are 
Starley  and  Sutton,  whose  name,  it  will  be 
remembered,  came  so  much  to  the  front  a 
few  years  ago  with  the  introduction  of  the 
Meteor  tricycle,  a pattern  which,  although  now 
very  nearly  obsolete,  was  at  that  time  about 
the  most  satisfactory  till  then  placed  on  the 
market,  and  the  success  of  which  led  to  its 
being  made  and  sold  by  nine  out  of  ten  firms  in 
the  trade.  In  the  Rover  safety  the  firm  have 
again  made  a step  forward,  and  struck  out  on 
their  own  account  in  a line  which  will,  without 
doubt,  find  many  parallels  in  the  season  to 
come.  At  a time  when  nearly  everyone  seemed 
to  think  of  nothing  else  in  the  ‘ safety  ’ line 
than  making,  with  more  or  less  variations,  the 
new  star — the  Kangaroo — Mr.  John  Kemp 
Starley,  the  mechanical  genius  of  the  firm, 
steadily  refused  to  join  in  with  the  crowd,  and 
fixed  his  mind  on  something  new.  During  the 
previous  season  his  firm  had  introduced  a tri- 
cycle known  to  fame  as  the  Rover,  in  which  the 
rider  was  placed  very  much  over,  and  almost 
in  front  of,  his  work,  and  experience  with  this 
machine  had  shown  that  this  position  of  the 
rider  rendered  the  machine  a wonderfully  good 
hill-climber.  Keeping  this  in  view,  Mr.  Starley 
contended  that  the  position  which  had  proved 
good  on  the  tricycle  should  prove  of  equal 
value  on  a bicycle,  and  set  himself  to  work  to 
attain  that  end.  The  ordinary  pattern 
machine,  with  backward  sloping  forks,  ren- 
dered its  adoption  impossible  if  the  desired 
point  were  to  be  attained,  and  Mr.  Starley  had 
perforce  to  direct  his  attention  in  a direction 
hitherto  almost  untrodden,  and  work  upon  quite 
a different  principle.  This  principle  consisted 
in  driving  with  one  wheel  and  steering  with  the 
other,  a principle  already  embodied  in  one  or 
two  new  patterns  then  just  placed  on  the 
market.  His  mechanical  eye  and  practical 
knowledge  led  him  to  discard  the  small  steer- 
ing wheel,  how'ever,  and  although  it  looked 
ugly  and  required  w’ell  staying,  to  adopt  a 
large  one;  this  he  did,  and  by  placing  both 
driver  and  pedals  between  the  two  wheels — 


practically  as  in  the  boneshaker  of  old — not 
only  saved  vibration  but  mechanical  force.” 

Mr.  A.  J.  Wilson  (“  Faed  ”),  writing  about 
the  same  time  on  “ My  Experiences  of  Safety 
Cycling,”  says  The  Rover,  which  I have 
purposely  left  until  the  last,  is,  in  my  opinion, 
the  best  of  all  the  dw’arfs.  It  is  safer  than 
even  the  ’Xtra,  easier  to  mount  and  dismount 
because  nearer  to  the  ground,  has  less  vibra- 
tion than  any  other  dwarf,  and  is  unquestion- 
ably very  fast.  I find  that  I can  fly  uphill  at 
a great  pace  on  the  Rover  geared  up  to  65 
inches.  ’ ’ 

For  1887,  Mr.  Sturmey  says  : — “This  is  the 
pioneer  of  this  now  universally  popular  style  of 
machine — it  led  the  way,  and  others  followed.” 

In  the  Badminton  book  on  “ Cycling,”  1887, 
the  writer  says  : — “ The  Rover  safety,  intro- 
duced by  its  makers,  Messrs.  Starley  and 
Sutton,  in  the  year  1885,  has  made  such  rapid 
progress  in  the  public  favour  that  it  deserves 
very  full  mention.  Here,  undoubtedly,  the 
makers  have  succeeded  in  producing  a machine 
■w'hich  fully  deserves  the  term  of  ‘ safety,’  and 
at  the  same  time  have  in  no  way  sacrificed 
speed.  In  the  latter  quality  it  will  hold  its  own 
on  roads  with  any  make  of  cycle,  whilst  in  the 
former,  it  and  its  type  stand  alone.” 

Further,  it  says  : — “ Now  this  machine  pos- 
sesses the  following  qualities,  which  will  be 
taken  in  detail  : safety,  absence  of  vibration 
and  side-slipping,  easy  steering,  a narrow 
tread,  a single  chain,  a good  luggage  carrier, 
and,  lastly,  speed.” 

On  the  subject  of  chains  it  says  : — “ Chains 
will  stretch  and  will  collect  dirt ; they  are 
necessary  evils  in  tricycles  and  geared-up 
bicycles,  and  the  less  one  has  to  do  with  them 
the  better  ; but  it  is  manifestly  an  advantage 
to  have  one  to  adjust  instead  of  two,  as  in  the 
Kangaroo  type.  The  Rover  has  a unique  and 
very  simple  plan  of  adjusting  the  chain.  This 
is  effected  by  moving  the  back  wheel  backwards 
or  forwards  as  required.” 

For  although  the  introduction  of  the  tricycle 
added  considerably  to  the  number  of  those  who 
cycled,  and  the  Facile  and  Kangaroo  also 
brought  a large  additional  number  of  riders, 
at  no  time  in  the  history  of  the  cycle  was  there 
anything  like  the  extraordinary  increase  which 
took  place  when  the  merits  of  the  Rover  be- 
came known.  It  is,  therefore,  with  consider- 
able pride  and  satisfaction  that  I now  regard 
the  fact  that  my  firm  was  the  first  to  send  this 
type  of  machine  into  America,  France,  Ger- 
many, Italy,  Austria,  Switzerland,  Australia, 
India,  &c.,  so  that  not  only  has  it  been 
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the  forerunner  of  a large  expansion  of  trade, 
but,  in  the  words  of  The  Cyclist,  it  may  truly 
be  claimed  to  have  “ set  the  fashion  to  the 
world.” 

It  was  with  this  machine  that  I introduced 
the  rational  bar  with  turned  back  and  sloping 
handles,  and  with  grips  such  as  are  now  in 
universal  use.  Before  this  time  all  bicycle 
handle-bars  were  straight,  and  the  grips  pear- 
shaped,  or  what  was  known  as  the  spade 
handle,  but  to  ensure  in  all  details  the  comfort 
of  the  rider,  I determined  to  omit  nothing 
which  would  in  any  way  add  to  the  pleasure 
and  comfort  of  riding  this  machine.  There 
are  few  things  more  remarkable  than  the 
universal  use  of  these  handle-bars  and  sloping 
grips.  So  true  were  my  calculations  with 
regard  to  the  requirements  of  this  machine, 
that  little  by  way  of  improvement  has  been 
possible;  For  a long  time  Humber  and  many 
others  made  a machine  on  similar  lines  to  the 
Rover,  with  a small  front  wheel,  ultimately  to 
be  discarded  for  the  larger  front  wheel. 


Fig.  I. 


The  Rover  was  speedily  copied  by  most 
makers,  but  while  such  copies  were  made 
without  direct  connection  between  the  two 
chain-wheels,  the  Rover  has,  from  the  first, 
always  been  made  with  this  connection,  and 
also  a direct  connection  between  the  back 
wheel  and  the  seat.  The  illustration  which  I 
now  give  will  show  the  essential  difference 
between  the  two  frames,  viz.,  the  racing  Rover 
of ’85,  and  the  modern  machine  of  ’98  (Fig.  i), 
and  will,  I think,  prove  conclusively  that  when  I 
introduced  this  machine,  my  aim  was  not  only 
to  make  a safety  bicycle,  but  to  produce  a 
machine  which  should  be  the  true  “ Evolution 
of  the  Cycle,”  and  the  fact  that  so  little  change 
has  been  made  in  the  essential  positions, 
which  were  established  by  me  in  1885,  prove 
that  I was  not  wrong  in  my  estimate  of  the 
cardinal  points  to  be  embodied  to  this  end. 
It  will  be  seen  that  whereas  I made  a machine 
with  curved  tubes,  it  is  now  made  with  straight 
tubes.  I have  never  had  any  doubt  as  to  the 


future  of  this  machine,  nor  have  I ever  felt 
that  any  serious  rival  could  take  its  place. 

The  illustration  which  I now  give  will  show 
what  was  running  in  my  mind  at  this  time.  I 
had  been  considering  what  a man  could  be 
compared  to  pedalling  a bicycle,  and  the 
conclusion  I had  formed  was,  it  largely 
resembled  walking  up  a ladder,  but  with  this 
difference,  that  whereas  the  pedals  went  down 
in  the  former,  the  man  went  up  in  the  latter. 
I therefore  had  to  determine  where  the  handles 
should  be  placed  to  enable  him  to  bring  the 
whole  of  his  weight  on  to  the  pedals,  and, 
I think,  the  illustration  will  show  my  selection 
was  correct.  It  was  this  question  of  the 
handle-bar  which  compelled  me  to  adopt  the 
present  form  of  machine,  as  I could  not  get  it 
sufficiently  forward  by  the  other  type.  It  will 
be  seen  by  the  position  of  the  handle-bar  on 


the  ordinary  bicycle,  that  it  was  utterly  useless 
and  imperfect  for  this  purpose. 

I have  dwelt  at  some  length  at  this  point  in 
the  “ Evolution  of  the  Cycle,”  as  so  much 
interest  is  centred  in  the  modern  cycle,  and  so 
many  misstatements  have  been  made  con- 
cerning it,  that  it  seems  to  me  desirable  that  a 
few  quotations,  which  cannot  be  controverted, 
are  essential  and  desirable  to  place  the  matter 
on  a true  and  proper  footing. 

In  1888,  Mr.  J.  B.  Dunlop  introduced  the 
pneumatic  tyre,  which  may  be  said  to  have 
formed  another  distinct  epoch  in  the  evolution 
of  the  cycle,  for  w'e  were  thereby  enabled,  for 
the  first  time  since  the  introduction  of  the  old 
solid  tyre,  to  work  upon  an  entirely  new  field  of 
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improvement,  viz.  : to  overcome  the  obstacles 
which  were  met  with  on  the  road. 

Since  the  general  application  of  this  tyre, 
districts  in  which  cycling  could  not  be  enjoyed 
have  been  opened  up,  and  riding — which  would 
have  been  more  or  less  difficult — and  touring 
can  now  be  indulged  in  with  a fair  amount  of 
luxury. 

The  popularity  of  racing,  too,  increased  to 
an  enormous  degree  with  the  introduction  of 
the  pneumatic  tyre,  and  fast  times  were  made 
upon  tracks  so  rough  that  only  a moderate 
speed  could  have  been  obtained  by  the  use  of 
the  solid  tyre,  and  as  speeds  became  faster  and 
faster,  tracks  were  improved,  and  banked  at 
the  outside  higher  and  higher  ; pacing  became 
better  and  better,  until  purely  pacing  teams 
began  to  be  used,  with  a result  which  can  be 
appreciated  from  the  following  : — 


Comparative  Table  of  Records. 


Path. 

1884. 

l8q8. 

1 mile  . . 

35  2-5ths 

23  sec. 

I „ .. 

2 m.  41  2*5ths 

I m.  35  sec. 

5 >> 

14  m.  18  sec 

8 m.  50  4-5ths. 

10  „ .. 

29  m.  30  2-5ths. . . . 

17  m.  47  i-5th. 

25  » 

I h.  lom.  41  2*5ths. 

45  m.  19  2-5ths. 

50  » •• 

2 h.  43  m.  55  sec. . 

ih.  34  m.  45  2-5ths. 

100  „ .. 

5 h.  50  m.  5 2-5ths. 

3h.25m.  2i4-5ths. 

1 2 hrs.  . . 

No  record 

3 1 7 miles  600  yds. 

24  „ . . 

No  record 

616  miles  340  yds. 

Road. 

12  hrs.  . . 

Not  timed 

226|  miles. 

24  » .. 

266^  miles. 

4”l  » 

It  is  reasonable  to  conclude  that  the  pneu- 
matic tyre  has  added  about  one-third  to  the 
speed  of  the  cycle,  though  for  sustained  efforts 
the  absence  of  vibration  shows  an  even  more 
marked  difference,  but  I think  part  of  this 
must  be  put  down  to  the  improvement  in  tracks 
and  pacing,  for  which  not  a little  credit  is  due 
to  Messrs.  H.  J.  Swindley  and  G.  L.  Hillier, 
who  have  done  so  much  in  this  field. 

In  1888,  Mr.  Harrison  Carter  introduced  the 
oil-tight  chain  cover.  Although  several  attempts 
were  made  to  cover  in  the  chain,  nothing  was 
seriously  attempted  until  this  time,  and  most 
of  the  chains  had  been  efficient  in  use,  but 
they  had  been  allowed  to  run  partly,  if  not 
wholly,  exposed  to  the  dirt  and  grit  which  was 
met  with  on  the  roads.  From  the  dirty  and 
clogged-up  appearance  of  the  chains,  after  a 
long  and  sustained  ride,  he  felt  confident  there 


was  a great  loss  of  power,  and  it  was  to  remedy 
this  defect  that  he  introduced  the  dust-tight  and 
oil-retaining  case.  This  device  proved  so  very 
beneficial  that  few  of  the  best  machines  are 
now  made  without  it,  or  some  similar  covering 
such  as  the  leather  case  introduced  and  made 
by  J.  Grose,  of  Northampton. 

It  will  be  readily  understood  that  there  are 
machines  and  details,  and  many  ingenious 
devices,  which  have  been  tried  at  different 
periods,  which  might  well  have  come  in  for 
review  but  for  the  small  space  of  time  which  I 
have  had  at  my  command.  I have,  however, 
deemed  it  more  useful  to  take  those  things  only 
which  are  used  to-day  in  the  modern  cycle- 
The  lady’s  bicycle,  too,  although  containing 
nothing  new  in  principle,  deserves  more  than 
passing  comment,  for  it  is  a good  thing  that 
ladies  took  to  cycling,  as  the  position  in  which 
they  sit  is  much  more  graceful  than  that  usually 
practised  by  the  average  cyclist. 

The  Rover  Cob,  too,  deserves  more  than 
passing  mention,  as  it  was  the  first  machine 
made  which  could  be  mounted  from  the  ground 
without  the  use  of  a step,  and  it  is  a machine 
upon  which  the  most  timid  may  venture  with 
little  or  no  fear  of  a fall.  The  cranks  are 
placed  low  to  prevent  a bent  knee  when  riding, 
as  the  straighter  the  leg  the  greater  the  power 
obtained,  and  it  cannot  be  too  clearly  pointed 
out  that  a cycle  being  built  low  in  the  upper 
part  of  the  frame,  similar  to  those  used  a few 
years  ago,  can  in  no  sense  be  said  to  have  the 
principles  of  the  low  cranks  embodied  in  the 
cob. 

Having  thus  briefly  described  all  the 
machines  and  points  in  detail,  I am  of  the 
opinion  that  the  types  which  have  contributed 
most  to  the  “ Evolution  of  the  Cycle  ” are — 
The  Ordinary, 

The  ’Xtraordinary, 

The  Facile, 

The  Salvo, 

The  Humber, 

The  Kangaroo, 

The  Cripper, 

The  Rover, 

while  the  step,  the  tangent  wheel,  the  ball 
bearing,  the  detachable  crank,  the  combination 
saddle  and  spring,  the  chain  gearing,  the 
sloping  steering  - post,  the  position  of  the 
pedals,  seat,  and  handle-bar,  the  present  form 
of  handle-bar,  the  pneumatic  tyre,  together 
with  the  double  driving  axle  and  central  driving 
for  tricycles,  form  the  whole  of  the  points  of 
value  in  the  cycle  of  to-da3%  the  position  of  the 
rider,  whether  using  bicycle,  tricycle,  tandem. 


6i2 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{May  20,  1898. 


triplet,  or  quadruplet  is  essentially  the  same 
as  in  the  Rover,  introduced  in  1885,  and 
although  justice  cannot  be  done  to  those 
patient  workers  who  have  contributed  so  many 
details  of  the  present  day  machine,  those 
points  which  I have  reviewed  form  the  vitals 
and  essentials  in  the  evolution  and  perfection 
of  the  modern  cycle. 

To  obtain  the  information  which  I have  been 
enabled  to  lay  before  you,  I have  been  greatly 
helped  by  Messrs.  H.  Sturmey,  G.  L.  Hillier, 
H.  J.  Swindley,  J.  Hughes,  J.  B.  Dunlop, 
H.  W.  Staner,  and  many  others,  to  whom  I 
now  offer  my  best  thanks. 


DISCUSSION. 

Mr.  Archibald  Sharp  said  Mr.  Starley  was  to 
be  congratulated  on  this  paper,  and  also  on  the  share 
he  had  taken  in  the  introduction  of  the  cycle,  while 
the  English  nation  might  be  congratrdated  on  the 
fact  that  the  evolution  had  taken  place  almost  entirely 
in  this  country,  though  America  was  certainly  com- 
peting now  in  the  commercial  side  of  the  matter. 
It  was  interesting  to  note  that  evolution  in  the  me- 
chanical world,  as  in  animate  nature,  depended  to  a 
great  extent  on  external  circumstances.  In  this 
country  we  had  possessed  inventive  skill,  commercial 
enterprise,  a number  of  good  roads,  and  a dense 
population,  and  each  of  these  factors  had  been  essen- 
tial to  the  evolution  of  the  cycle.  The  other  countries 
which  were  in  the  forefront  in  this  matter,  France, 
Germany,  and  the  United  States,  possessed  some  of 
these  qualities,  but  none  of  them  had  the  entire  com- 
bination. Again  there  were  accidental  circumstances 
which  determined  whether  development  should  take 
place  or  not,  and  it  was  fortunate  that  in  this  country 
the  coaching  interest  did  not  possess  the  strong  Parlia- 
mentary power  which  the  railway  interest  did  fifty 
or  sixty  years  ago,  when  it  simply  killed  the  de- 
velopment of  locomotion  on  roads  by  steam 
power.  He  thought  Mr.  Starley  had  wisely  omitted 
any  reference  to  what  must  be  termed  the  freaks 
of  cycle  development,  but  he  should  like  to  ask 
him  if  the  sociable  unicycle,  of  which  a slide  had 
been  shown,  had  ever  been  ridden,  and  if  so  to  what 
extent. 

Mr,  H.  Sturmey  said  this  paper  gave  the  history  of 
the  developement  of  the  cycle  in  a clearer  way  than  he 
had  ever  heard  it  put  before,  and  would  certainly  prove 
of  great  value  to  future  historians.  Mr.  Starley 
had  left  practically  nothing  untouched  which  had 
taken  a commercial  form,  and  thus  had  had  any  real 
effect  on  the  development  of  the  machine.  Some 
things  were  called  freaks  which  were  merely  before 
their  time,  and  the  cycle  itself  at  one  time  was  in 
that  position.  There  was  a period  of  actmty  about 
1860-70,  in  which  the  Press  spoke  of  the  cycle  craze 
much  as  they  had  done  more  recently,  but  at  that 


time  the  phrase  was  more  correct,  because  thei 
machine  was  comparatively  undeveloped,  and  the| 
passing  excitement  died  out  for  a time.  Therej 
was  a tricycle  called  the  Rantoon,  which  at| 
one  time  was  very  popular,  and  he  remem- 
bered seeing  a gentleman  in  1869  coming  from 
Weymouth  on  one,  with  a valet  on  another, 
caiTying  the  baggage  for  the  two.  As  the  machine' 
probably  weighed  about  200  lbs.,  they  would  all  agree 
in  pitying  the  valet.  Again  there  was  a curious! 
machine  called  the  Phantom,  which  worked  on  a! 
hinge  in  the  centre,  which  was  very  nice  to  ride  soi 
long  as  you  kept  your  head,  but  if  you  got  the  least 
excited  it  was  apt  to  land  you  in  the  ditch.  From  1870 
to  1873  cycle  almost  died  out  except  amongst  a 
few  enthusiasts  who  stuck  to  it,  and  then  came  the 
period  of  development,  of  which  Mr.  Starley  had 
spoken.  He  should  like  to  lay  special  stress  on  the 
influence  of  the  Facile  in  paving  the  way  for  thel 
Kangaroo,  and  subsequently  for  the  Rover,  and  more 
especially  for  the  pneumatic  tyre.  The  Facile  was  the 
first  successful  small-wheeled  machine,  and  the 
records  accomplished  on  it  and  afterwards  upon  the 
Kangaroo,  showed  the  value  of  small  wheels,  so  that: 
when  the  Rover  came  along  the  public  were 
prepared  for  it.  If  they  had  been  restricted 
to  large  wheels  they  would  scarcely  have  had 
the  pneumatic  t}Te.  He  invented  one  himself 
in  1872,  but  abandoned  it  simply  because  it 
was  altogether  too  heavy.  Mr.  Starley  had  not 
shown  one  of  his  earlier  forms  in  which  he  made  the 
same  mistake  as  Mr.  Lawson,  of  having  a vertical 
steering  post,  and  connecting  the  steering  by  links  or 
lines ; he  was  quite  right  in  saying  that  the  slanting 
steering  post  was  the  making  of  the  machine. 
Several  people,  at  various  times,  had  hit  on  other  of 
the  various  elements  of  the  present  safety,  but  no 
one  combined  them  all  in  one  machine  before  Mr. 
Starley.  Even  then,  it  by  no  means  took  the  public 
fancy  all  at  once,  and  he  well  knew  the  struggle 
Starley’s  firm  had  in  early  days  : but  they  stuck  to  it 
right  through,  knowing  they  were  in  the  right,  and 
eventually  came  out  on  top,  and  drew  the  whole  trade 
after  them. 

Mr.  R.  E.  B.  Crompton  said  he  began  to  make  self- 
propelling  machinery,  to  be  driven  by  steam,  in  1861, 
and  he  found  on  the  roHng  frames  in  Leeds  what 
had  been  described  to-night  as  the  differential  gear 
universally  used  for  tricycles,  and  he  believed  he  was 
the  first  to  put  it  on  a road-engine,  but  it  had  been 
used  on  traction-engines  ever  since.  It  was  a very 
beautiful  invention,  but  there  was  no  doubt  it  came 
from  the  traction-engine.  In  fact,  almost  every  great 
feature  which  had  been  described  had  been  previously  ' 
worked  out  on  a large  scale  in  the  development  of 
road-engines.  It  was  to  the  traction-engine  industry 
they  owed  the  rubber  tyi'e,  both  in  the  solid  form  and 
the  pneumatic.  He  was,  perhaps,  the  only  man  in 
the  room  who  knew  the  late  R.  W.  Thomson,  but 
he  remembered  haring  many  discussions  with  him  as 
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to  the  best  way  of  making  a wheel  take  up  the 
vibration  of  the  road,  and  Mr.  Thomson,  as  was 
well  known,  made  a pneumatic  tyre  which  was  a 
success  in  every  respect  but  one,  the  liability  to  punc- 
ture, which  he  was  not  then  able  to  overcome,  so  that 
the  thing  was  dropped.  Mr.  Thomson  was  a great 
genius,  and  he  got  over  this  difficulty  by  employing  large 
masses  of  solid  rubber  for  the  wheels  of  his  traction- 
engine,  and  then  he  (Mr.  Crompton),  who  was  ordered 
by  the  Indian  Government  to  use  those  engines, 
encountered  much  the  same  difficulty  with  those 
wheels  that  the  pneumatic  tyre  people  found  later. 
He  had  ridden  a boneshaker,  and  a Rantoon 
which  did  not  weigh  more  than  120  lbs.,  and  then 
about  ’68  he  dropped  cycling,  and  only  took  it  up 
again  a few  years  ago.  He  now  came  to  somewhat 
dangerous  gi'ound,  but  he  must  say  that  in  his  opinion 
manufacturers  had  not  arrived  yet  at  anything  like 
perfection,  either  as  regards  speed  or  comfort.  Two 
years  ago,  one  of  the  greatest  electrical  engineers  on 
the  continent,  Otto  Blathy,  wrote  a letter  in  the 
Cyclist,  in  which  he  advocated  the  use  of  longer 
cranks,  and  the  designing  of  each  cycle  to  suit 
the  man  who  had  to  ride  it.  He  wrote  to  him 
on  the  subject,  and  got  from  him  a specifi- 
cation for  a bicycle,  which  he  had  the  greatest 
difficulty  in  getting  carried  out,  several  makers 
positively  refusing  to  make  it.  Ultimately,  how- 
ever, the  Referee  Company  and  Mr.  Morris  made 
the  machine,  and  he  rode  it,  and  had  ridden  it  ever 
since.  It  had  enabled  a man  of  his  years  to  do  what 
comparatively  few  young  men  did.  What  was  the 
cause  of  this  ? It  was  not  the  long  cranks  only,  nor 
the  gearing,  but  the  fact  that  in  order  to  work  com- 
fortably with  these  long  cranks,  he  had  had  to  alter  the 
shape  of  the  frame,  and  to  study  the  whole  question 
of  what  was  the  perfect  relative  position  as  regarded 
the  pedals,  the  saddle,  the  length  of  the  frame,  the 
length  of  the  crank,  and  the  ratio  of  the  gearing,  so 
that  the  rider’s  muscular  power  might  be  exerted  with 
the  greatest  advantage,  and  that  he  should  produce 
the  maximum  effect  with  the  minimum  fatigue.  Manu- 
facturers simply  modelled  their  machines  on  the 
requirements  of  the  racing  man,  not  on  those  of  the 
man  wffio  rode  simply  for  pleasure,  or  of  the  elderly 
man  who  required  quite  a different  thing  from  the 
young  man  or  the  racing  man.  There  w^ere  tw'o  kinds 
of  fatigue,  muscular  and  nervous.  An  elderly  man, 
in  fact  everyone  above  30,  very  soon  got  out  of 
breath  if  he  had  to  make  very  rapid  movements,  and 
consequently  there  had  heen  a demand  for  high  gears  ; 
but  many  had  gone  too  far  in  that  direction.  Elderly 
people  did  require  a slower  speed,  which  enabled  one 
to  pedal  properly,  but  you  could  not  get  the  slow 
speed  by  a high  gear  without  producing  an  undue 
strain  on  the  muscles  from  the  extra  pedal  pressure. 
The  only  remedy  for  this  was  to  lengthen  the  cranks. 
In  order  to  satisfy  themselves  on  this  point,  he  and 
his  son,  who  worked  the  thing  out  together,  made  a 
series  of  experiments  to  find  out  what  was  the  position 
at  which  a man  could  exert  his  leg  muscles  to  the 
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greatest  advantage.  They  actually  got  inside  one  of 
the  big  testing  machines  and  measured  the  power  of 
thrust  for  every  position  of  the  leg,  measuring  from 
the  centre  of  the  thigh  joint  to  the  ball  of  the  foot. 
The  maximum  thrust  w'as  at  a point  where  the  leg 
was  much  more  bent  than  it  possibly  could  be  on 
a cycle,  even  if  it  had  12-inch  cranks,  so  they  were 
satisfied  that  no  one  could  lose  power  by  bending 
the  leg  too  much.  By  actual  practice  on  the  road 
they  also  found  that  no  one  got  stiff  or  tired  by 
bending  his  leg  too  much ; all  stiffness  and  fatigue 
of  that  kind  came  from  too  great  pedal  pressure. 
They  therefore  reduced  the  pedal  pressure  by  in- 
creasing the  crank  length  and  also  by  another  device. 
However  well  a man  might  pedal,  he  was  practically  a 
single-acting  engine  ; but  every  engineer  knew  that  if 
he  w'anted  a light  engine  he  must  have  a double-action 
one.  By  using  certain  pedal  connections,  w’hich,  how- 
ever, allow^ed  you  to  readily  free  the  foot  if  necessarv', 
they  w'ere  able  to  give  not  only  the  most  effective 
down-stroke,  but  also  to  work  on  three-fourths  of 
the  up-stroke.  The  result  w^as  that  they  could  do 
a certain  amount  of  work,  either  hill  climbing  or 
against  the  wind,  with  very  much  less  maximum 
pressures  on  the  muscles  than  with  an  ordinary 
bicycle.  He  never  found  a hill  he  could  not  climb, 
or  a wind  he  could  not  face,  and  he  was  able  to 
ride  100  miles  in  seven  hours,  which  he  thought 
was  fair  proof  that  there  was  some  advance  made 
by  this  change  of  design.  It  w^as,  however,  a radical 
change,  because  if  you  took  an  ordinary^  cycle  and 
put  these  long  cranks  on  to  it,  in  the  first  place 
the  frame  w'as  too  short  for  the  cranks  to  clear  the 
front  wheels,  and  in  the  next  place  it  would  not  be 
strong  enough  to  stand  the  strain  of  the  extra  lever- 
age. Some  details  had,  therefore,  to  be  altered,  and 
the  result  was  a step  in  advance,  which  if  not  com- 
parable to  that  made  by  the  pneumatic  tp-e,  was  yet 
very  considerable.  He  thought  cycle  manufacturers 
had  yet  a great  deal  to  learn,  and  did  not  study  the 
comfort  of  riders  to  the  extent  they  should.  One 
spanner  wiiich  need  not  w’eigh  more  than  an  ounce, 
ought  to  be  sufficient  for  every  machine,  but  they  always 
sent  out  several,  one  being  an  adjustable  spanner, 
which  every  engineer  knew  was  an  abomination. 
They  were  also  probably  the  greatest  offenders  in  the 
matter  of  having  different  threads  on  their  screws  ; 
they  should  meet  and  adopt  one  standard  and 
stick  to  it. 

Dr.  E.  B.  Turner  said  Mr.  Starley  laid  great 
stress  on  the  pneumatic  tyre  doing  away  with  fatigue 
and  increasing  speed,  owing  to  the  way  in  which  it 
did  away  with  vibration.  To  a great  extent  it  did 
reduce  vibration,  but  the  real  reason  wiiy  people  were 
able  to  accomplish  long  distances  with  so  little 
fatigue  was  not  only  because  the  vibration  was  less, 
but  because  the  pneumatic  tyre  increased  the  speed. 
The  consequence  was  the  power  exercised  in  pro- 
pulsion was  less  ; there  was  less  waste  of  muscular 
tissue,  and  less  waste  or  burned  up  tissue  passed  into 
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the  circulation,  where  its  presence  created  irritation 
and  produced  fatigue  fever. 

Mr.  J.  Pennell  asked  why  Mr.  Starley  had  not 
referred  to  the  American  Star  machine,  which  for 
many  years  was  very  successful,  and  had  been  copied 
in  many  types ; he  should  like  to  know  if  there  was 
any  chance  of  such  a machine  with  free  pedals  and 
other  advantages  coming  up  again.  He  believed 
a low  form  of  the  Star  was  also  made  ; the  high  Star, 
although  very  comfortable,  was  the  most  dangerous 
machine  ever  invented  ; it  was  5 feet  high,  and  if  you 
did  not  take  good  care  you  would  be  landed  on  the 
ground  at  any  moment.  He  had  also  expected  to  hear 
something  about  the  chainless  machine,  which  they 
were  told  not  long  ago  in  that  room  was  the  best 
thing  made.  After  hearing  that  he  got  one,  but 
he  could  only  say  after  riding  it  300  miles  that  he  had 
never  had  such  a terrible  experience  in  his  life.  It 
went  pretty  fairly  on  a level  road  where  he  tried  it 
first,  but  when  he  came  to  the  hills  he  was  obliged  to 
get  off  and  walk,  and  before  long  he  put  it  into  the 
train  and  he  had  never  ridden  it  since.  A chainless 
machine  might  be  all  right  theoretically  but  practically 
it  was  all  wrong. 

Mr.  W.  T.  Shaw  said  he  should  be  glad  to  hear 
the  length  of  crank  Mr.  Crompton  used,  and  the 
gear.  The  single  driving  tricycle  referred  to  in  the 
paper  was  made  in  Dublin  by  Carey,  and  in  Coventry 
by  Singer,  and  he  recollected  an  old  gentleman  at 
Singer’s  in  London,  who  always  rode  one  up  to 
almost  last  year.  The  invention  of  the  suspension 
wheel,  the  hollow  rim,  and  the  indiarubber  tyie,  were 
all  claimed  by  the  late  Mr.  Cowper,  and  he  under- 
stood the  claim  was  allowed.  Singer’s  also  made  a 
dwarf  ’Xtraordinary,  with  a speeded-up  gear,  but  he 
could  not  say  whether  it  was  before  or  after  Hillman 
and  Herberts’,  but  both  types  wxnt  out  on  the 
introduction  of  the  rear-driver. 

Sir  Henry  Wood  thought  that  Mr.  Pennell  had 
been  rather  too  sweeping  in  his  condemnation  of  the 
chainless  gear.  He  also  had  been  fortunate  enough 
to  become  the  possessor  of  one  of  the  Columbia 
bicycles,  though  the  machine  had  been  in  his 
possession  too  short  a time  for  him  to  form  any 
opinion  as  to  its  merits,  even  if  he  were  qualified, 
which  he  certainly  was  not,  to  express  an  expert 
opinion.  But  it  had  been  ridden  by  himself  and  by 
his  son,  and,  so  far  as  could  be  judged  from  a few 
short  rides  of  twenty  and  thirty  miles,  it  promised  to 
work  quite  satisfactorily. 

Mr.  W.  WoRBY  Beaumont  said  one  of  the  great 
reasons  for  the  superiority  of  the  long  crank  which  Mr, 
Crompton  used,  coupled  with  the  high  gear  which 
it  enabled  him  to  use,  was  the  slow  speed  at  which 
the  foot  travelled.  With  a short  crank  and  a gear  of, 
say,  63  inches,  and  a pace  of  12  miles  an  hour,  the 


rate  of  reciprocation  of  the  leg  was  so  great  that  the! 
muscles  had  not  time  to  receive  and  act  on  their  in- 
structions to  follow  the  crank  round  ; in  fact,  many 
cyclists  only  gave  a push  to  a comparatively  short| 
part  of  the  path  described.  In  Mr.  Crompton’s  ca^e 
the  foot  had  time  to  act  and  to  follow  the  crank 
round,  and  with  his  additional  appliance,  to  even  lift 
it  during  the  back  portion  of  the  circle.  With 
a high  speed  on  the  crank  as  required  by  a lo^\ 
gear,  such  a continuous  pressure  was  impossible. 
Mr.  Crompton  and  he  accompanied  the  Automobik' 
Club  on  their  Easter  tour,  when  he  had  an  oppor 
tunity  of  seeing  what  Mr.  Crompton  could  do.  He 
always  reckoned  himself  a fair  hill  climber,  but  he 
found  that  Mr.  Crompton’s  longer  crank  gave 
him  an  advantage.  Though  they  did  not  keep  witl 
the  motor  cars  all  the  way,  they  managed  to  read 
the  end  of  the  journey  at  the  same  time,  and  tbe\ 
could  always  overhaul  them  on  the  hills.  No  doub 
Mr.  Crompton  invented  the  application  of  the  com 
pensating  motion  to  traction  engines,  but  it  had  beer 
done  before  by  Burstall  or  Hill  about  1834,  when  the’ 
made  their  steam  carriage.  He  did  not  know  whc 
was  the  real  inventor  of  the  suspension  wheelsi 
but  in  1869  his  grandfather,  Mr.  Worby,  gave  him  ; 
pair  which  he  had  made  in  1848,  and  before  tha 
he  believed  Lord  Dundonald  had  made  a whee 
with  spokes  formed  of  chain,  and  possibly  someoiK 
else  had  made  them  even  earlier. 

Mr.  Warner  Jones  said  some  of  the  early  safetie; 
did  not  steer  very  well,  but  in  1889  he  invented  tli< 
curA'ed  front  fork  which  was  now  universally  used,  aiu 
he  really  believed  that  had  a great  deal  to  do  will 
the  success  of  the  dwarf  bicycle,  as  it  perfected  th( 
steering.  He  considered  it  a great  mistake  of  mana 
facturers  to  value  a machine  only  by  what  it  could  dc 
on  the  racing  path.  A bicycle  should  be  a perfec 
geometrical  figure,  haring  a certain  sized  wheel,  r 
certain  wheel  base,  and  a certain  slant,  which  gave 
the  best  effect,  and  all  should  be  in  proportion  to  the 
height  of  the  rider ; if  any  part  were  out  of  proper 
tion  there  was  a loss  of  power.  He  did  noi 
agree  with  the  long  cranks  except  for  a specially  hill) 
country,  but  the  real  thing  to  aim  at  was  an  ellipitica 
motion  for  the  foot,  which  would  give  the  same  effed 
in  a different  manner.  At  the  present  time  while  tin 
foot  was  performing  a rotary  motion  the  ancle  waf 
travelling  in  an  ellipse,  whereas  it  should  be  thf 
reverse,  the  ancle  motion  should  be  rotary,  and  that 
of  the  pedal  an  eUips.e.  There  had  been  an  elliptic! 
machine  built  which  gave  a good  result,  but,  un- 
fortunately, it  was  not  perfect,  the  pendulum  or' 
which  the  crank  worked  being  outside  the  back 
wheel  instead  of  in  the  centre.  He  thought  this  wa^l 
a point  weU  deserving  the  attention  of  manufacturers  ! 

The  Chairman  congratulated  Mr.  Starley  on  hi? 
exceedingly  interesting  history  of  the  cycle,  which  hi'' 
well  known  connection  with  the  trade  had  peculiarl}j 
fitted  him  to  give.  He  remembered  being  particular!}! 
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struck  by  the  introduction  of  the  Rover  at  a time 
when  there  was  no  defined  idea  as  to  what  direction 
the  development  of  the  bicycle  w^as  going  to  take, 
though  tricycles  of  all  kinds  were  then  common. 
WTien  it  first  came  out  it  was  very  much  dis- 
liked by  many,  and  he  well  remembered  the  first 
time  it  appeared  on  the  Ripley  Road,  when  it  was 
christened  the  Blondin  Donkey.  It  looked  a most 
extraordinary  thing,  and  he  remembered  saying  to 
himself  that  it  seemed  that  at  last  a machine  had 
been  put  together  that  \vas  the  ideal  of  construction, 
and  that  it  must  sweep  eveiything  before  it.  In  that 
opinion  he  "was  perfectly  right,  but  he  also  said 
another  thing  which  w'as  equally  wu'ong,  namely, 
that  the  machine  would  never  be  ridden  without 
hands  except  by  professed  acrobats.  He  could  not 
believe  at  that  time  that  it  could  be  ridden  with  the 
perfect  ease  with  which  it  w'as  by  any  ordinary  rider 
without  hands,  as  his  owm  experience  had  shewm  him. 
He  had  been  using  a machine  not  suitable  to  ride 
, with  hands  off  before  he  took  to  the  Rover,  and  as 
soon  as  he  got  it  he  thought  he  w'ould  try  what 
difficulty  there  really  w’as  in  riding  without  hands. 
He  did  not  go  through  the  dynamical  argument 
which  Mr.  Sharp  had  given  in  his  book,  but  he  felt 
that  there  w'as  a means  of  producing  a definite 
stability  of  balance  by  a slight  sw'aying  motion  of  the 
body,  by  which  the  frame  of  the  machine  w'ould  be 
canted  in  the  desired  direction  and  cause  it  to  turn 
one  w'ay  or  the  other.  At  any  rate  he  felt  that  as 
soon  as  he  tried  the  experiment  for  the  first  time, 
w’hich  was  on  the  wood  pavement  at  Palace  Gate, 
South  Kensington,  and  before  getting  to  the  end  of 
the  road  he  found  he  could  go  tolerably  well.  Mr. 
Starley  had  said  very  little  about  the  ladies’  bicycle, 
and  it  w'as  curious  to  remark,  in  connection  with  it, 
what  a change  of  fashion  there  had  been  the  last 
three  years.  People  w’ho  looked  upon  the  bicycle  as 
a low  and  vulgar  thing,  who  would  have  considered  it 
altogether  infra  dig.  to  ride  a machine,  and  almost, 
to  speak  to  a person  on  a machine,  were  now'  the  most 
viglent  advocates  of  the  cycle,  and  this  equally  applied 
to  the  fair  sex.  There  w'ere  tw'o  points  with  regard  to 
the  ladies’  machine  on  which  he  might  say  aw'ord. 
One  question  was  whether  there  was  any  necessity  for 
making  machines  especially  for  ladies,  and  the  other 
was  the  necessity,  or  advantage,  or  disadvantage  of 
curved  tubing  if  a special  frame  w'ere  necessary.  His 
owTi  \iew  on  the  first  point  he  expressed  in  a review 
in  Nature  last  summer,  of  Mr.  Sharp’s  book,  and 
putting  it  shortly,  it  w'as  to  the  effect  that  it  w'as  a 
great  pity  that  when  four  or  five  years  ago  ladies  began 
to  cycle,  that  they  had  not  the  common  sense  to  follow 
the  lead  of  their  sisters  in  France  by  adopting  a dress 
which  made  cycling  much  more  easy  and  pleasant 
than  it  could  ever  possibly  be  in  skirts.  Unfortunately 
the  curse  of  fashion  had  interposed.  Ladies  jumped 
at  the  bicycle  suddenly  without  any  consideration. 
If  lady  cycling  had  only  developed  slowly,  and  people 
one  by  one  had  been  persuaded  it  w'as  a thing  worth 
doing  even  at  a little  sacrifice,  a suitable  dress  would 


not  have  been  considered  impossible  but  necessary. 
He  remembered  that  the  few  fashionable  people 
whom  he  had  the  privilege  of  knowing,  when  dis- 
cussing the  question  of  getting  a bicycle,  used  to  ask 
whether  it  would  be  necessary  to  wear  “those 
things.”  Unfortunately,  for  the  comfort  of  feminine 
cycling,  the  verdict  of  fashion  went  forth  that  “ those 
things”  must  not  be  worn  ; that  they  must  cycle  in  a 
kind  of  garment  which  would  obstruct  and  interfere 
with  them  in  every  way,  a kind  of  garment  the 
obstructiveness  of  which  man,  though  much  stronger, 
would  never  think  of  enduring.  With  regard  to 
the  second  point,  he  had  seen  most  absurd  things 
written,  based  on  an  obrious  truth,  but  leading 
to  an  erroneous  conclusion.  The  statement  was  made 
that  a straight  tube  was  stronger  than  a cur^•ed  one, 
and  so  no  doubt  it  w’as  w’ith  regard  to  end-to-end 
tension  or  compression,  but  the  stresses  and  strains 
which  came  upon  the  frame  of  a bicycle  were  not 
necessarily  confined  to  those  of  that  nature.  The 
actual  frame  was  not  a linked  structure.  The  joints 
were  considerably  stiffened,  and  the  nature  of  the 
stresses  on  the  frame  w'ere  of  various  kinds,  and  it 
was  quite  possible  that  a curved  tube  might  be  more 
suitable  to  meet  such  stresses  than  a straight  one. 
He  was  not  going  to  advocate  using  a curve  which 
should  exactly  balance  all  the  stresses  and  strains 
■when  the  rider  was  sitting  as  a deadweight  on  the 
machine.  Those  were  only  incidental  and  casual 
compared  to  those  met  with  in  riding  over  rough 
roads  and  with  heavy  pedalling,  but  the  argument 
that  a straight  tube  was  necessarily  the  best  under  all 
conditions  was  fallacious.  That  being  the  case, 
especially  in  a machine  made  for  ladies,  the  maker 
should  at  any  rate  consider  the  convenience  of  the 
machine  for  their  use  and  gi^•e  them  more  room  for 
their  absurd  garments,  particularly  if  they  wished 
it.  With  regard  to  the  chainless  bicycle  the 
American  was  not  the  only  machine.  He  would 
confess  that  his  own  views  since  the  introduc- 
tion of  the  Acatene,  were  against  the  likelihood 
of  that  class  of  machine  competing  with  the  chain, 
but  as  soon  as  he  saw  that  the  Americans  had 
laid  themselves  out  to  produce  a chainless  bicycle 
with  all  the  perfection  that  American  tool  makers 
displayed,  he  had  some  doubt  whether  perhaps  a 
chainless  machine  might  not  actually  become  a fair 
rivalof  the  chain.  The  chain  was  one  of  those  structures- 
which  would  run  well  with  moderately  good  work 
and  would  run  somehow  with  very  bad  work.  It 
ran  excellently  with  the  very  best  work.  On  the 
other  hand,  bevel  gearing  must  be  made  with  a degree 
of  accuracy  which  was  altogether  out  of  proportion 
to  anything  necessary  for  the  purpose  of  getting  a 
good  result  with  chain  gearing.  The  material  must 
be  the  best  and  cut  with  the  greatest  accuracy  ; the 
teeth  could  not  be  cut  with  a milling  cutter,  they  must 
be  planed  out,  and  the  machine  must  not  only  be  in 
perfect  adjustment,  but  must  remain  in  absolutely 
perfect  adjustment.  If  it  would  not  keep  its  adjust- 
ment it  would  have  no  future,  but  if  it  would  remain 
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in  adjustment  with  the  ordinaiy  strains  of  fair  riding 
then  it  would  not  be  wise  to  say  that  such  a machine 
was  quite  ridiculous,  and  not  worthy  of  consideration. 
He  had  hoped  to  have  had  a trial  of  a Columbia 
machine,  but  owing  to  a side  slip,  not  from  his 
machine,  but  owing  to  a slight  accident  when 
he  was  walking,'  he  had  been  prevented.  The 
long-crank  machine  of  Mr.  Crompton  he  was  most 
anxious  to  try.  He  did  not  think  it  was  going 
to  abolish  the  shorter  crank,  but  he  did  feel  that  the 
reasons  given  for  its  use  had  a very  great  deal  in  them. 
He  was  not  a strong  rider,  but  with  a certain  amount 
of  experience  had  become  a fairly  good  hill  rider,  and 
this  he  attributed  entirely  to  the  method  of  pedalling 
which  every  experienced  rider  knew,  but  which 
beginners,  especialty  if  they  were  strong,  did  not 
think  much  about.  The  great  object  was  to  keep  a 
gentle  pressure  on  the  pedal  as  far  round  the  whole 
stroke  as  possible,  and  it  was  quite  evident  that  a long 
crank,  with  a slower  rotary  action,  gave  one  more 
opportunity  of  practising  excellent  pedalling  than  you 
had  with  the  higher  rotary  motion  and  the  short  crank. 

Mr.  Starley,  in  reply,  said  he  could  not  say 
whether  the  unicycle,  which  had  been  shown  on  the 
screen,  had  ever  been  used.  The  fact  was  the  slide 
got  in  by  mistake.  Knowing  that  a sociable  bicycle 
had  recently  been  introduced,  he  wanted  to  show 
Wharman’s  old  balancing  sociable,  but  by  some 
means  a mistake  had  been  made.  With  regard  to  the 
invention  of  the  balancing  gear.  His  own  experience 
was  that  there  were  very  few  things  invented  once 
and  once  only.  When  you  had  an  idea  and  went  to 
a patent  agent  to  make  a search,  it  almost  invariably 
turned  out  that  if  you  did  not  find  the  exact  invention 
you  found  that  some  mechanical  motion  had 
been  made  for  something  of  a very  similar  character. 
Almost  all  the  things  ever  brought  out  were 
invented  not  only  two  or  three  times,  but  perhaps 
twenty  or  more,  and  it  was  not  always  fair  to  give  the 
first  inventor  the  credit  for  whatever  came  after.  He 
happened  to  be  out  riding  with  his  uncle  when  he 
first  thought  of  the  balance  gear,  and  he  was  quite  sure 
that  it  was  not  until  he  found  the  front  wheel 
going  from  side  to  side  from  the  unevenness  of  the 
pedalling,  that  he  thought  of  any  such  action.  At 
the  time  he  patented  it,  he  did  not  think  he  ever 
knew  of  the  invention  Mr.  Crompton  had  spoken 
of.  With  regard  to  the  chainless  machine,  he 
w'as  afraid  there  was  very  little  chance  of  anything 
being  produced  which  would  take  the  place  of  the 
chain,  for  there  was  no  part  of  the  machine  which  had 
proved  so  thoroughly  efficient.  If  it  had  not  been  for 
its  great  efficiency  it  would  have  been  covered  up 
years  ago.  Still,  if  anything  could  be  found  which 
would  give  an  all-round  action,  equal  to  the  chain, 
manufacturers  would  not  be  slow  to  adopt  it.  It  was 
quite  a mistake  to  suppose  that  they  were  indifferent 
to  any  new  ideas  which  came  out.  He  should  en- 
deavour to  take  the  hint  thrown  out  by  Mr.  Crompton 
with  regard  to  sending  out  so  many  spanners. 


The  Chairman  then  proposed  a vote  of  thanks  tc| 
Mr.  Starley.  It  was  carried  unanimously. 


MEETINGS  OF  THE  SOCIETY. 
Foreign  and  Colonial  Section. 
Tuesday  afternoon,  at  4.30  o’clock  : — 

May  24. — “The  Goldfields  of  British  Columbia 
and  the  Klondyke.”  By  W.  Hamilton  Merritt. 
Sir  Charles  Malcolm  Kennedy,  K.C.M.G.. 
C.B.,  will  preside. 


Cantor  Lectures. 

Monday  May  23,  at  8 p.m.  : — 

Prof.  Charles  A.  Carus  Wilson,  M.A., 
M.Inst.E.E.,  Professor  of  Electrical  En- 
gineering, McGill  University,  Montreal. 
“ Electric  Traction.”  Lecture  IV. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  May  23  ...  SOCIETY  OF  ARTS,  John-street. 

Adelphi,  W.C.,  8 p.m.  (Cantor  Lectures.)  Prof. 
Carus  Wilson,  “Electric  Traction.”  (Lecture  IV.) 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  3 p.m.  Annual  Meeting. 

Tursday,  May  24  ...  SOCIETY  OF  ARTS,  John-street, 
Adelphi,  W.C.,  4I  p.m.  (Foreign  and  Colonial 
Section.)  Mr.  Hamilton  Merritt,  “ The  Gold- 
fields of  British  Columbia  and  the  Klondj’ke.” 

Royal  Institution,  Albemarle- street,  W.,  3 p.m. 
Dr.  S.  R.  Gardiner,  “ The  Historical  Development 
of  Modern  Europe.”  (Lecture  IV.) 

Photographic,  12,  Hanover-square,  W.,  8 p.m. 

Anthropological,  3,  Hanover-square,  W.,  8J  p.m. 

United  Service  Instition,  Whitehall,  S.W.,  3I  p.m. 
Capt.  A.  H.  Terry,  “ Transport  in  the  Field.” 

Wednesday,  May  25... British  Astronomical,  University 
College,  W.C.,  5 p.m. 

Thursday,  May  26. ..Royal,  Burlington-house,  W.,  4I  p.m. 

Antiquaries,  Burlington-house,  W.,  8J  p.m. 

Royal  Institution,  Albemarle-street,  W.,  3 p m. 
Lord  Rayleigh,  “Heat.”  (Lecture  III.) 

Electrical  Engineers  (at  the  House  of  the  Society 
OF  Arts),  8 p.m.  Prof.  Carus  Wilson,  “The 
Design  of  Electric  Railway  Motors  for  Rapid 
Accelleration.” 

Friday,  May  27. ..Royal  Institution,  Albemarle-street,  W., 
8 p.m.  Weekly  Meeting.  9 p.m.  General  Sir 
Andrew  Clarke,  “Sir  Stamford  Raffles  and  the 
Malay  States.” 

East  India  Association,  Westminster  Town -hall, 
S.W.,  4 p.m.  Mr.  Archibald  Colquhoun,  “Rail- 
Connection  of  India  and  China.” 

Clinical,  20,  Hanover-square,  W.,  8|  p.m.  Annual 
Meeting. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  W.,  5 p.m.  I.  Messrs.  Edser  and  Butler,  “ A 
Simple  Interference  Method  of  Reducing  Prismatic 
Spectra.”  2.  Mr.  Campbell  Swinton,  “ Some 
Further  Experiments  on  the  Circulation  of  the 
Residual  Gaseous  Matter  in  Crookes’  Tubes.” 

Saturday,  May  28... Royal  Institution,  Albemarle-street, 
3 p m.  Mr.  J.  A.  Thomson,  “ The  Biology  of 
Spring.”  (Lecture  II.) 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W ,C. 


Notices. 


ALBERT  MEDAL. 

The  Albert  Medal  for  the  present  year  has 
been  awarded,  with  the  approval  of  H.R.H. 
the  Prince  of  Wales,  the  President  of  the 
Society,  to  Professor  Robert  Wilhelm  Bunsen, 
M.D.,  For.Memb.R.S.,  “in  recognition  of  his 
numerous  and  most  valuable  applications  of 
Chemistry  and  Physics  to  the  Arts  and  to 
Manufactures.” 


C OLIVERS  A ZIONE. . 

The  Society’s  Conversazione  will  take  place 
at  the  Natural  History  Museum,  Cromwell- 
road,  S.W.  (by  permission  of  the  Trustees  of 
the  British  Museum),  on  Wednesday,  22nd  June. 
The  reception  by  Major-General  Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.,  Chairman, 
and  the  other  members  of  the  Council  will 
commence  at  9 p.m. 

The  following  portions  of  the  Museum  will 
be  open  : — On  the  Ground  Floor — the  Central 
Hall,  British  Saloon,  and  Bird  Gallery ; on  the 
^ First  Floor — the  East  and  West  Corridors,  and 
I the  Lecture  Room. 

I A selection  of  music  will  be  performed  by 
the  Band  of  the  Royal  Marine  Light  Infantry 
in  the  Central  Hall,  and  by  the  Red  Hungarian 
! Band  in  the  Bird  Gallery,  commencing  at 
I 9 o’clock. 

Each  member  is  entitled  to  a card  for  him- 
self (which  will  not  be  transferable),  and  a 
[ card  for  a lady.  In  addition  to  this,  a limited 
' number  of  tickets  will  be  sold  to  members  of 
' the  Society,  or  to  persons  introduced  by  a mem- 
ber, at  the  price  of  5s.  each,  if  purchased  before 
the  date  of  the  Conversazione.  On  that  day 
the  price  will  be  rais-'d  to  7s.  6d. 


These  tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (which  can  be 
obtained  from  the  Secretary)  or  a letter  of* 
introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman,  and  must  be  signed 
by  the  member  applying  for  it. 

Light  refreshments  (tea,  coffee,  ices,  claret 
cup,  &c.)  will  be  supplied. 

The  entrance  to  the  Museum  is  in  the 
Cromwell  - road,  carriages  must  enter  the 
grounds  by  the  east  gate  and  leave  by  the 
west  gate.  The  cards  must  be  given  up  on 
entering  the  Museum. 

Visitors  arriving  or  leaving  by  either  of  the 
Metropolitan  Railways  will  be  allowed  the  use 
of  the  District  Company’s  Subway,  which  leads 
from  the  South  Kensington  Railway  Station 
direct  into  the  grounds  of  the  Museum. 

Fuller  particulars  as  to  the  musical  and 
other  arrangements  will  be  given  in  the  Pro- 
grammes which  will  be  distributed  on  the 
evening. 


CANTOR  LECTURES. 

On  Monday  evening,  23rd  inst..  Professor 
Charles  A.  Carus  Wilsox,  M.A., 
M.Inst.E.E.,  delivered  the  fourth  and  last 
lecture  of  his  course  on  “ Electric  Traction.” 

Mr.  Joseph  G.  Gordon  (Chairman)  pro- 
posed a vote  of  thanks  to  the  lecturer  for  his 
valuable  course  of  lectures,  which  was  carried 
unanimously. 

The  lectures  will  be  printed  in  the  Journal 
during  the  summer  recess. 


FOREIGN  AND  COLONIAL  SECTION. 

Tuesday  afternoon.  May  24,  Sir  Charles 
Malcolm  Kennedy,  K.C.M.G.,  C.B.,  in  the 
chair. 

The  paper  read  was  “ The  Goldfields  of 
British  Columbia  and  the  Klondyke.”  By 
W.  Hamilton  Merritt. 

The  paper  and  report  of  the  discussion 
will  be  published  in  a future  number  of  the 
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Proceedings  of  the  Society. 

♦ 

APPLIED  ART  SECTION. 

Tuesday  afternoon,  May  10,  1898  : Dr. 

Richard  Garnett,  C.B.,  in  the  chair. 

The  paper  read  was— 

THE  LIFE-WORK  OF  WILLIAM 
MORRIS. 

By  F.  S.  Ellis. 

Though  six  years  have  gone  by,  it  seems 
but  yesterday  since  I made  one  of  a large 
audience  assembled  in  this  hall,  which 
listened,  with  earnest  attention  and  eager 
interest  to  an  address,  on  the  subject 
of  “The  Woodcuts  of  Gothic  Books,”  by 
the  great  man  concerning  whose  wonderful 
artistic  and  literary  career  I have  undertaken 
to  speak  this  afternoon,  according  to  the  best  of 
my  ability.  But  I believe  I am  justified  in 
calling  his  career  not  only  wonderful,  but  also 
in  applying  to  it  the  often  misused  term  unique, 
for  casting  back  one’s  eye  over  the  glorious 
roll  of  English  poets,  which  among  them,  I 
would  ask  you,  besides  William  Morris  has 
been  so  gifted,  as  not  only  to  enrich  the  world 
with  a full  tide  of  song,  but  also  to  make  the 
age  in  which  he  lived  an  epoch  in  decorative 
art  ? 

Little  did  I suppose,  as  I listened  to  his  well 
chosen  words  on  the  occasion  I have  mentioned, 
that  it  would  ever  fall  to  my  lot  to  speak  of  him 
as  belonging  to  the  past,  for  he  was  four  years 
my  junior,  and  until  his  last  illness  attacked 
him,  seemed  always  possessed  of  so  much  life, 
vigour  and  activity,  as  might  be  expected  to 
carry  him  to  extreme  old  age.  Alas!  that  it  is 
otherwise,  for  his  value  in  the  world  was  far 
greater  than  that  of  a whole  heap  of  other 
men,  including  myself. 

No  one  who  has  eyes  to  see,  intelligence  to 
understand,  and  wit  to  judge,  can  doubt  that 
in  the  loss  of  William  Morris  we  have  reason 
to  mourn  a genius  of  such  magnitude  as 
towered  aloft  even  among  the  men  of  marked 
ability,  brilliant  faculties,  and  great  attain- 
ments, who  were  contemporary  with  him,  like  a 
landmark  in  a wide  plain.  His  death  has  left 
a blank  that  none  of  us  can  reasonably  hope  to 
see  filled  in  our  time.  But  though  he  was  my 
junior  in  the  mere  reckoning  of  years,  from  the 
first  day  that  I made  his  acquaintance  I recog- 
nised clearly  in  how  great  a degree  he  was  my 


senior  in  intellectual  capacity  and  acquired 
knowledge.  For  more  than  30  years  I was 
accustomed  to  regard  him  as  a teacher  and  a 
master,  and  you  must  therefore  not  expect 
from  me  anything  by  way  of  criticism  on  his 
life-work  other  than  hearty  appreciation,  ad- 
miration, love  and  wonder. 

Yet  it  must  not  be  supposed  that  he  was  one 
of  those  who  desire  to  exact  from  their  asso- 
ciates entire  agreement  on  all  subjects,  or  who 
thrust  their  views  and  opinions,  whether  upon 
art  or  other  matters,  dogmatically  upon  their 
neighbours : he  was,  on  the  contrary,  always 
most  willing  to  listen  to  objections,  and  to  ex- 
plain, and  consider  a question  from  various 
points  of  view,  unless  he  found  his  interlocutor 
to  degenerate  into  ignorant  nonsense  or  self- 
conceit,  when  he  would  close  the  discussion 
quickly  enough. 

In  thinking  over  his  marvellous  personality, 
I should  not,  though  his  versatility  was  won- 
derful, be  inclined  to  describe  him  as  a versatile 
man,  for  that  term  is  usually  applied  to  one 
who  can  do  a great  many  things  fairly  well, 
but  for  the  most  part  imperfectly.  That  was 
not  the  case  with  William  Morris.  Many 
things  he  assuredly  could  do,  but  he  never 
rested  till  he  was  fully  master  of  that  which  he 
undertook,  and  could  do  it  thoroughly  well — I 
will  not  say  perfectly,  for  he  would  himself 
have  counted  the  word  “perfection”  inad- 
missible in  art ; as  Ruskin  has  admirably  and 
forcibly  pointed  out,  “ perfection  usually  means 
a loss  of  strength  and  degeneration  into  little- 
ness,” and  a phrase  that  was  constantly  on 
Morris’s  lips  was  that,  according  to  the  French 
proverb,  “ Better  is  the  enemy  of  good.” 

But  he  was  a many-sided  man  ; to  work  at 
whatever  he  set  his  hand  to  till  he  was  so 
entirely  master  of  the  subject  that  he  was  able 
to  instruct  others  ; to  know  the  history,  the 
secret,  the  why  and  wherefore  of  ever}fihing  he 
engaged  in,  was  his  great  characteristic.  Yet 
those  who  knew  him  best  will  bear  me  out, 
when  I say  that  never  was  any  man  more 
entirely  free  from  petty  conceit  and  self- 
consequence. Though  fully  conscious  of  his 
own  power  and  inherent  ability ; though,  I 
believe,  gratified  to  feel  assured  that  he  was 
looked  up  to  by  his  fellows  as  a man  of  genius ; 
he  was,  nevertheless,  one  of  the  most  simple- 
minded,  yea,  one  of  the  most  humble-minded, 
among  men.  His  consciousness  of  power  and 
knowledge  in  such  things  as  he  gave  his  mind 
to,  raised  him  above  the  pettiness  of  conceit ; 
while  his  clear  conception  of  the  limitations 
of  his  own,  and  of  all  human  knowledge. 
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engendered  in  him  that  humility  which  is  a 
special  note  of  truly  great  minds. 

It  was  my  good  fortune  to  make  the  ac- 
quaintance of  William  Morris  as  long  ago  as 
1864,  when  “Jason”  was  as  yet  unpublished,  and 
he  was  unknown  in  literature  and  art  beyond  a 
narrow  circle  of  friends.  One  of  his  grand 
qualities  was  faithfulness.  I believe  I may  say 
with  confidence,  that  throughout  his  whole 
career  he  never  lost  a friend,  except  by  the 
hand  of  death.  The  friends  of  his  youth  were 
the  friends  of  his  maturity  ; alas  ! that  it  can- 
not be  said  of  his  old  age,  for  he  was  but  62 
when  he  died,  and  no  one  ever  thought  of 
Morris  as  an  old  man.  Even  when  the  stroke 
of  sickness  fell  upon  him,  and  until  within  a 
few  weeks  of  his  death,  his  mind  was  as 
fresh  and  vigorous,  his  touch  as  certain,  his 
fecundity  of  invention  as  wonderful,  and  his 
imagination  not  only  as  brilliant  as  in  youth, 
but  infinitely  more  so,  growing  brighter,  richer, 
and  more  varied  and  powerful,  as  the  years 
rolled  on,  and  until  the  very  end  was  reached. 

It  is  needless  for  me  to  recite  to  an  audience 
such  as  I have  the  honour  of  addressing  this 
afternoon,  any  particulars  concerning  the 
biography  of  William  Morris.  They  have  been 
given,  pretty  much  as  I could  relate  them,  in 
many  of  the  magazines  and  newspapers  during 
the  last  eighteen  months,  and  in  Mr.  Aymer 
Vallance’s  important  and  excellent  work, 
entitled,  “The  Art  of  William  Morris.”  For 
a full  and  exhaustive  biography,  we  must  look 
forward  to  the  book  promised  by  Mr.  Mackail 
in  the  course  of  next  year,  with  confident 
anticipation  that  it  will  be  well  worthy  its 
subject. 

Suffice  it  to  say,  that  William  Morris  was 
born  on  the  24th  of  March,  1834,  the  eldest  son 
of  a man  engaged  in  financial  business  in  the 
city  of  London,  who,  by  the  accident  of  a 
fortunate  investment,  made  a short  time  before 
he  w'as  cut  off  in  the  very  prime  of  life,  left  his 
widow  in  such  circumstances  as  enabled  her 
to  give  all  her  children  a handsome  fortune 
as  they  came  of  age.  This  was  certainly  a 
circumstance  as  happy  as  it  was  remarkable, 
in  that  it  opened  possibilities  to  the  future 
artist  of  carrying  into  effect  his  views  on  art 
at  an  early  age,  which  might  otherwise  have 
been  seriously  retarded,  or  even  never  have 
had  the  opportunity  of  expansion  and  fulfil- 
ment. That  the  surroundings  of  the  boy  and 
youth  were  by  no  means  calculated  to  awaken 
a love  of  art  will  be  readily  understood  and 
allowed  by  all  who  are  conversant  with  what 
was  in  vogue  in  prosperous  middle-class  life 


during  the  first  half  of  the  present  century. 
But  it  would  seem  that  a love  of  the  beautiful, 
and  a sense  of  what  was  ugly,  abhorrent  and 
vulgar,  was  intuitive  in  William  Morris’s  mind. 
I remember  him  speaking  many  a time  of  the 
Exhibition  of  1851,  at  which  all  the  world  was 
struck  with  unbounded  admiration,  and  telling 
how,  as  a youth  of  17,  he  declined  to  see 
anything  more  wonderful  in  it  than  that  it  was 
“ wonderfully  ugly,”  and,  sitting  himself  down 
on  a scat,  steadily  refused  to  go  over  the 
building  with  the  rest  of  his  family. 

At  Marlborough  College,  which  he  always 
spoke  of  with  the  greatest  dislike  and  re- 
pugnance, he  would  not  join  in  the  ordinary 
games  or  sports,  but  found  delight  in  rambling 
over  the  country-side  on  holidays,  exploring 
its  archaeology  and  enjoying  the  scenery.  His 
walks  about  the  Wiltshire  downs  he  used  to 
talk  of  enthusiastically  to  the  end  of  his 
days.  I have  also  heard  him  describe  how, 
in  the  shorter  intervals  of  leisure,  he  would 
employ  himself  in  making  nets,  a token  of 
the  spirit  of  the  handicraftsman,  which  after- 
wards found  such  ample  and  glorious  develop- 
ment. His  abhorrence  of  Marlborough  arose 
largely  from  the  recollection  that  his  teachers 
there  taught  him  nothing  whatever,  so  that 
one  of  the  aptest  scholars  that  ever  lived  had 
to  be  put  under  a coach  before  he  was  equal 
to  matriculating  at  Oxford.  It  is  needless  to 
make  more  than  a passing  remark  on  a cir- 
cumstance which  had  assuredly  a most  im- 
portant effect  upon  his  life-work.  I refer  to 
the  extraordinary  fact  of  his  life-long  friend, 
Edward  Burne-Jones,  matriculating  on  the 
same  day,  and  shortly  afterwards  forming  his 
acquaintance.  Nor  is  it  necessary  to  enquire 
into  the  causes  that  led  both  these  students 
to  renounce  the  clerical  career  that  had  been 
marked  out  for  them.  An  inspiration  fell  on 
these  youths,  each  of  them  coming  from  family 
and  surroundings  as  little  likely  to  prompt 
them  to  art  or  poetry,  as  were  those  of 
Chaucer,  of  Shakespeare,  of  Turner,  or  of 
Ruskin,  but  the  wind  bloweth  where  it  listeth. 
The  influence  of  Ruskin  with  the  promoters 
of  the  Oxford  Union,  caused  Dante  Gabriel 
Rossetti  to  obtain  a commission  at  Oxford, 
and  here  was  the  flame  at  which  the  ready 
match  of  enthusiasm  was  kindled.  The 
Oxford,  of  forty  or  fifty  years  since,  was  a 
spot  much  more  calculated  to  foster  and 
encourage  the  spirit  of  mediaevalism,  which 
was  an  integral  part  of  Morris’s  nature,  than 
it  is  under  its  present  aspect.  The  whole 
place  wore  a much  more  venerable  and  anti- 
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quarian  air  than  it  does  at  the  present  time. 
In  his  later  years,  Morris  would  earnestly 
deplore  the  ruthless  spirit  of  change  which 
had  robbed  Oxford  of  the  charm  it  once  had 
for  him,  and  it  was  with  difficulty  he  could 
be  persuaded  to  go  thither,  even  though  his 
residence  at  Kelmscott  brought  him  so  close 
upon  its  borders.  He  used  to  speak  with 
enthusiasm  of  the  delight  he  experienced,  as 
an  undergraduate,  in  turning  over  some  of 
the  magnificent  manuscripts  preserved  in 
the  Bodleian,  especially  the  “ Romance  of 
Alexander,”  and  a 13th  century  “ Apo- 
calypse.” 

I think  it  may  fairly  be  said  that  the  life- 
work  of  William  Morris,  as  given  to  the 
world,  began  in  his  student  days  with  the 
founding  of  the  “ Oxford  and  Cambridge 
Magazine.”  From  the  way  he  mentions  this 
publication,  I infer  that  Mr.  Vallance  was 
unaware  that  Morris  bore  the  sole  cost  of 
its  production.  Under  such  circumstances 
it  is  remarkable  that  it  should  have  lasted 
through  a year.  I should  think  its  doing  so 
was  due  only  to  Morris’s  hatred  of  anything 
incomplete.  The  twelve  months  rounded  it 
off  so  to  speak.  Mr.  Vallance  mentions,  as 
though  it  were  a fact,  that  Morris  kept  a 
copy  of  this  book  under  lock  and  key  by 
reason  of  the  great  store  he  set  upon  it,  a 
statement  that  must  be  due  to  some  mis- 
understanding, for  he  certainly  set  no  store 
whatever  by  the  volume,  and  kept  nothing 
under  lock  and  key,  even  his  watch-key  was 
usually  astray.  The  same  writer  discusses 
the  question  of  reprinting  such  articles  as 
Morris  wrote  for  the  magazine.  Of  that  I 
can  only  say  that  I should  regard  it  as  a 
ghoulish  proceeding,  and  a dishonour  to  the 
author’s  memory,  who  again  and  again  for- 
bade their  reproduction.  I am  happy  in 
thinking  that  there  are  yet  some  years  before 
anyone  dare  reprint  these  articles  without 
permission,  and  that  before  that  time  arrives  I 
shall,  in  all  likelihood,  be  beyond  the  know- 
ledge of  such  matters.  Having  emancipated 
himself  from  the  prospect  of  a clerical  career, 
what  could  be  more  natural  than  that  he 
should  look  to  the  practice  of  architecture 
as  a profession,  and  with  that  idea  article 
himself  to  the  man  who  was  in  those  days 
looked  upon  as  an  oracle  in  that  branch  of 
art  ? But  a year’s  experience  in  Mr.  Street’s 
office,  and  the  clearer  perception  of  what 
architecture  should  be,  more  especially  that 
Gothic  architecture,  to  the  love  of  which  his 
soul  was  wedded,  caused  him  to  see  the 


impossibility,  under  present  conditions,  of 
attaining  to  and  carrying  out  his  ideas,  and 
he  therefore  sacrificed  the  remaining  term 
of  his  articles,  and  turned  his  attention  to 
other  matters. 

That  he  might  with  success  have  followed 
the  profession  of  a painter  is  demonstrated  by 
the  excellent  portrait  of  his  wife,  painted  before 
his  marriage  in  1859,  which  has  come  to  light 
during  the  past  year,  after  being  for  a long 
period  supposed  to  be  lost  altogether.  But  I 
believe  he  felt  that  as  a painter  he  would  be 
overshadowed  by  the  surpassing  genius  of  his 
most  intimate  friend  : his  own  saying  was  that 
he  could  not  make  his  figures  move.  That 
he  did  not  persevere  in  his  studies  in  that 
direction  was  assuredly  a great  gain  to  the 
world  at  large,  for,  whatever  distinction  he 
might  have  gained  as  a painter  and  a poet,  it 
is  obviously  impossible  that  he  could  in  that 
case  have  achieved  the  great  work  as  a handi- 
craftsman and  designer  for  which  all  those 
who  have  any  eye  for  beauty  are  so  largely  in 
his  debt.  The  year  1858  is  marked  as  an 
important  one  in  his  life  by  the  publication  of 
his  first  volume  of  poems.  It  is  no  wonder, 
seeing  how  entirely  original  was  the  note 
struck  by  Morris,  that  the  book  was  not  very 
heartily  received  by  the  public.  It  would  have 
been  a marvel  had  it  been  otherwise.  It  was 
offered  to  several  publishers,  and  among  others 
to  Mr.  J.  W.  Parker,  proprietor  of  “Fraser’s 
Magazine,”  a person  considerably  esteemed  in 
those  days,  as  I well  remember,  for  a man  of 
taste  and  a fine  critic.  He  declined  to  publish 
the  volume,  and  after  it  appeared,  had — as 
appears  from  a letter  which  has  lately  come 
to  light — no  better  idea  of  the  value  of  the 
verse  than  that  “ nineteen-twentieths  of  it  was 
he  most  obscure,  watery,  mystical,  affected, 
stuff  possible.” 

The  genuine  and  earnest  mediaevalism  of 
the  author  was  altogether  lost  on  Mr.  Parker. 
That  the  volume  was  not  an  immediate  suc- 
cess is  not,  as  I have  said,  to  be  wondered  at, 
for  no  book  that  is  out  of  harmony  with  the 
spirit  of  the  age  can  be  expected  to  succeed 
until  interest  in  the  movement  of  it  is  awakened. 
Two  young  men,  who  in  their  maturity  are 
still  among  us  (Dr.  Garnett,  who  has  honoured 
me  by  his  presence  in  the  chair  to-day,  and  Mr. 
Joseph  Knight),  raised  their  voices,  through  the 
press,  in  appreciation  of  the  new  singer ; but 
that  the  volume  had  not  a very  rapid  sale  was 
evidenced  by  the  fact  that  some  seven  years 
later  I bought  from  Messrs.  Bell  and  Daldy 
the  copies  that  then  remained  unsold,  amount- 
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ing’,  if  I remember  rightly,  to  some  thirty  or 
forty.  But  that  the  “ Defence  of  Guenevere  ” 
met  with  no  greater  appreciation  on  its  first 
appearance  is,  I think,  easily  accounted 
for ; unless  the  reader  has  some  knowledge 
of  the  “ Romance  of  King  Arthur,”  and 
the  “Chronicles  of  Froissart,”  and,  indeed, 
of  the  mediaeval  spirit  generally,  it  must  be 
mere  alfectation  to  pretend  to  understand 
and  enjoy  the  poems  in  Morris’s  first  pub- 
lication ; as  well  might  an  oriental,  who  had 
never  heard  of  London,  affect  to  enjoy  the 
humours  of  “Pickwick.”  A good  deal  has 
been  said  about  printing  other  poems  written 
about  the  same  date,  which  the  author  pre- 
ferred to  leave  unpublished.  I am  happy  in 
knowing  that  the  one  person  whose  authority 
would  be  needed  for  the  publication  of  them, 
has  decided  against  it,  and  will,  I trust,  make 
such  provision  as  shall  prevent  them  being  put 
into  print  at  any  future  period.  He  was  too 
capable  a critic  of  his  own  work  for  there  to  be 
any  justification  for  publishing  that  which  he 
desired  to  consign  to  oblivion. 

Architecture  and  painting  abandoned  as  the 
occupations  of  his  life,  Morris’s  practical  mind 
addressed  itself  to  the  task  of  showing  that  it 
was  possible,  while  perforce  shutting  one’s 
eyes  to  the  exterior  hideousness  of  ordinary 
houses,  to  do  something  towards  making  the 
interiors  more  tasteful  and  beautiful  than  they 
had  been  for  many  a long  year — reversing,  in 
fact,  the  old  saying  concerning  the  cup  and 
the  platter. 

The  house  designed  for  him  by  his  lifelong 
friend,  Mr.  Philip  Webb,  was  perhaps,  if  we 
except  some  attempts  in  the  pseudo-Gothic 
style,  the  first  in  the  England  of  the  19th  cen- 
tury to  be  arranged  and  decorated  in  a depar- 
ture from  the  hideousness  of  deal  doors  painted 
and  grained  to  look  like  oak  or  maple,  stair- 
cases covered  with  mustard-coloured  paper, 
and  squared  in  blocks  to  imitate  some  sort  of 
marble  that  never  existed,  hangings  usually  of 
a dull  hea\y  rep,  and,  in  the  wealthier  houses, 
stuffs  equally  ugly,  if  more  costly,  varied  in 
summer  by  preposterous  sham  lace,  black 
horsehair  chairs,  ponderous  yellow  mahogany 
sideboards,  and  flock  wall-papers.  Those  who 
are  old  enough  to  remember  what  it  was  all 
like,  will,  I think,  bear  me  out,  when  I say, 
that  though  our  dwellings  of  to-day  may  not 
all  of  them  be  models  of  good  taste,  they  are 
certainly  better  than  they  were  in  what  we  may 
call  the  age  of  anti-macassars  and  Berlin  wool- 
work. It  was  at  this  time  that  Morris  set 
himself  to  understand  the  method  of  ancient 


needlework  and  embroidery.  To  make  himself 
completely  master  of  how  it  was  done,  he 
obtained  some  pieces  of  ancient  work,  care- 
fully took  them  to  pieces,  thread  by  thread,  and 
thus  made  himself  completely  acquainted  with 
the  mode  of  construction,  and  then  fell  to  de- 
signing patterns  and  figures,  and  worked  the 
first  piece  with  his  own  hands.  The  result  was  a 
series  of  noble  needlework  figures,  for  panels 
in  the  Upton-house.  I well  remember  with  what 
surprise  and  delight  it  was  that  I first  beheld 
these  pieces  of  handicraft  at  Queen-square, 
and  what  a revelation  of  the  possibilities  of 
modern  needlework  it  was  to  me.  It  seemed 
to  carry  one  back  to  another  world.  The 
series,  as  originally  designed,  was  never  com- 
pleted ; four  of  the  panels  are  now’,  I believe, 
in  the  possession  of  the  Earl  of  Carlisle,  and 
four  or  five  others  are  preserved  elsewhere. 

It  speaks  volumes  for  the  vigour  and  hope- 
fulness of  the  man  that  he  ventured  to  set 
forth,  so  to  speak,  single-handed,  on  the  task 
of  awakening  people  to  a sense  of  the  hideous- 
ness that  surrounded  them,  and  the  possibility 
of  something  more  artistic  and  beautiful ; for 
although  he  associated  himself  w’ith  other  men 
of  genius  and  ability,  from  whom  he  received 
most  valuable  aid  and  support,  it  was,  in 
truth,  the  remnant  of  his  fortune  that  furnished 
the  means  of  beginning  the  w’ork  which  he  and 
his  friends  undertook.  How  he  threw  himself 
earnestly  into  the  project,  is  witnessed  by  the 
fact  that  he  left  his  pleasant  house  at  Upton, 
and  came  to  live  in  the  smoke  of  central 
London,  that  he  might  give  himself  wholly  to 
it.  It  is  needless  for  me  to  go  into  the  history 
of  the  establishment  of  the  firm  of  Morris, 
Marshall,  Faulkner  and  Co.,  which  in  outline 
is  an  oft-told  tale,  and  will  doubtless  be  given 
at  full  in  the  forthcoming  biography. 

Ashehastoldushimself,  inhis  lecture,  entitled, 
“ Making  the  best  of  it,”  delivered  before  the 
Trades  Guild  of  Learning,  at  Birmingham,  in 
1880,  it  was  useless  to  suppose  that  any  quick 
and  sudden  change  could  be  made  for  the 
bettering  of  the  outw'ard  forms  of  the  houses 
which  most  of  us,  by  no  choice  of  our  owm,  are 
compelled  to  inhabit,  and  the  only  thing  to  do 
therefore,  was  to  provide  the  means  of  making 
the  interior  surroundings,  more  or  less  beautiful, 
by  wholesome  and  pleasing  decoration  of  the 
walls  to  begin  with,  and  then  by  designing 
tasteful  stuffs  for  curtains  and  hangings,  and 
furniture  less  cumbersome  and  unsightly,  both 
in  form  and  material,  than  was  commonly 
procurable  at  that  period.  Both  w’all-papers 
and  textile  fabrics  were  at  first  very  simple, 
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but  not  the  less  admirable  therefor,  but  of 
later  years  they  grew  in  many  instances  to  be 
more  rich  and  costl}'-,  according-  to  the  demand 
that  arose  for  them.  How  thoroughly  Moms 
understood  his  aims  and  his  work,  is  manifest 
in  every  line  of  his  invaluable  lectures,  entitled, 
“Hopes  and  Fears  for  Art,”  delivered  at 
Birmingham,  London,  and  Nottingham, 
between  1878  and  1881.  What  can  be  more 
to  the  purpose  than  these  words  on  wall 
decoration  ? “ Every  line  must  have  a distinct 
idea  in  it ; some  beautiful  piece  of  nature  must 
have  pressed  itself  on  our  notice  so  forcibly 
that  we  are  quite  full  of  it,  and  can,  by  sub- 
mitting ourselves  to  the  rules  of  art,  express 
our  pleasure  to  others,  and  give  them  some  of 
the  keen  delight  that  we  ourselves  have  felt. 
If  we  cannot  do  this  in  some  measure,  our 
paper  design  will  not  be  worth  much  : it  will 
be  but  a makeshift  expedient  for  covering  a 
wall  with  something  or  other,  and  if  we  really 
care  about  art  we  shall  not  put  up  with  some- 
thing or  other,  but  shall  choose  honest  white- 
w'ash  instead,  on  which  sun  and  shadow  play 
so  pleasantly,  if  only  our  room  be  well  planned, 
and  well  shaped,  and  look  kindly  on  us.” 
How  completely  do  these  words  reveal  to  us  the 
real  secret  of  Morris’s  success  as  a designer, 
namely:  the  perfect  grasp  that  he  had  of  his 
subject,  and  the  spirit  of  love  and  enjoyment 
with  which  he  bent  to  his  work,  so  that  it  was  a 
real  pleasure  to  him,  destitute  of  toil  and  pain. 
Morris’s  designs  for  wall-papers  amounted 
to  fifty  entirely  distinct  patterns,  which  are 
worked  in  no  less  than  237  different  colourings, 
every  one  of  them  arranged  and  directed  by 
himself  with  that  marvellous  and  unerring 
instinct  for  harmony  of  colour,  which  was  one 
of  his  most  wonderful  gifts,  and  one  of  his 
most  remarkable  characteristics.  So  great 
is  the  difference  made  by  the  interchange  of 
colours,  that  the  same  pattern,  to  any  but  an 
expert  and  practised  eye,  would  appear  to  be 
altogether  distinct.  This  is  no  mere  opinion 
of  my  own,  but  a fact  that  is  proved  by  every- 
day experience.  Then  he  produced  forty- 
two  designs  for  printed  cottons  in  159  varia- 
tions of  colour,  39  designs  for  woven  materials 
set  out  in  164  colourings,  and  a very  large 
number  of  elaborate  patterns  for  carpets  and 
rugs  of  different  textures,  sizes,  and  varying 
methods  of  manufacture. 

In  the  Birmingham  lecture,  from  which  I 
have  already  quoted,  the  author  is  at  the 
pains  to  give  most  valuable  hints  for  the 
arrangement  and  decoration  of  a house,  which 
are  well  worth  the  study  of  all  who  desire  to 


make  the  interior  decent,  whatever  the  exterior 
may  be,  for  which,  in  truth,  usually,  the 
occupant  is  not  accountable.  One  part  of  the 
exterior  he  does  make  useful  suggestions  for, 
namely,  the  setting  out  of  the  garden,  wherein 
assuredly  as  much  taste  may  be  shown  as  in 
the  decoration  of  the  house,  and  it  is  moreover 
much  more  easy  of  execution,  and  less  costly, 
for  once  set  going  in  the  right  way,  it  will  in  a 
great  measure  care  for  itself,  and  richly  re- 
pay the  attention  bestowed  upon  it. 

I do  not  hesitate  to  say  that  but  for  the  life 
work  of  William  Morris,  the  amelioration  of 
commonplace  ugliness,  which  may  be  traced 
in  thousand  of  houses,  would  never  have  come 
about,  but  things  must  inevitably  have  gone 
from  bad  to  worse.  No  doubt  a large  part  of 
the  world  persists  and  will  persist  in  preferring 
ugliness  to  beauty — so  much  the  worse  for  it. 
Sir  W.  B.  Richmond,  in  his  eloquent  address 
to  the  students  of  the  Royal  Academy,  has  well 
said:  “The  fine  arts  are  a necessity  to  a 
small  public ; the  handicraftsman  is  a necessity 
to  all : both  are  desirable,  one  is  essential.”  I 
think  one  might  gloss  this  saying  by  the  remark, 
that  the  handicraftsman  of  taste  and  judgment 
ought  to  be  especially  considered  necessary  to 
the  possessor  of  works  of  pictorial  fine  art,  for 
what  I would  ask  you  is  more  discordant  or 
distressing  to  the  eye,  I might  say,  indeed, 
what  is  more  ludicrous  than  to  behold  grand 
pictures  hung  in  a room  or  gallery  hideous  in 
colour,  amid  ostentatious  but  tasteless  sur- 
roundings ? 

At  an  early  period  of  his  artistic  career, 
Morris  gave  much  attention  to  the  manu- 
facture of  stained  glass.  No  one  who 
takes  an  interest  in  the  subject  can  doubt 
that  he  exercised  a very  beneficial  influence 
over  it  in  respect  of  tone  and  colour,  for 
which  he  had  such  an  unerring  eye.  He  had, 
moreover,  the  extraordinary  advantage,  over 
all  other  practitioners  in  the  art,  of  being 
able  to  command  the  willing  and  friendly  ser- 
vices, in  design,  of  Rossetti  and  Ford  Madox 
Brown,  and  specially  of  Burne-Jones.  This 
alone  would  suffice  to  give  the  work  he  carried 
out  a most  important  and  notable  distinction. 
Yet  I believe  that  he  regarded  his  work  in  this 
supremely  difficult  art  with  less  satisfaction 
than  any  other  to  which  he  devoted  himself. 
He  has  in  his  masterly  and  most  admirable 
article  on  the  subject,  in  “Chambers’s  Cyclo- 
paedia,” shown  us  how  fully  and  thoroughly 
he  knew  what  he  w'as  about.  Of  later  years 
he  recognised  how  great  a mistake  it  was  to 
put  new  glass  into  ancient  Gothic  traceries, 
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savouring  in  truth  of  the  worst  form  of  “re- 
storation,” and  steadily  refused  to  join  in 
such  work.  It  may  not  be,  as  he  has  asserted 
strenuously  in  the  article  mentioned  above, 
a “ lost  ” art,  but  it  is  assuredly  a dead  art — 
as  dead  as  the  men  who  carried  it  to  perfection 
in  the  13th  and  14th  centuries.  Its  spirit  was 
the  spirit  of  the  Middle  Ages,  and  that 
cannot  live  in  the  19th  century,  though  we  may 
drag  forth  the  lifeless  shadow  of  it.  He 
was  painfully  aware  of  the  monstrous  in- 
congruity of  the  modern  practice  of  putting 
a dozen  or  more  styles  of  glass  into  one 
building.  The  absurdity  is  hardly  less,  and 
the  irritation  to  the  spectator  would  be 
scarcely  greater,  if  a dozen  different  archi- 
tects were  commissioned  to  design  the  body  of 
a church,  employing  styles  varying  from  the 
Byzantine  of  the  7th  century  to  the  Renais- 
sance of  Inigo  Jones,  in  its  various  parts  and 
divisions,  the  whole  being  mere  imitative  work, 
— a Norman  choir,  a Byzantine  nave,  south 
transept  early  English,  north  transept  Renais- 
sance, and  so  on.  Yet  that  is  what  is  com- 
monly done  with  stained  glass.  What  think 
you  would  have  been  the  effect  of  the  Kelms- 
cott  Press  Chaucer  had  it  been  illustrated  by 
a dozen  different  artists,  in  as  many  different 
styles  ? If  anyone  desires  to  test  for  himself 
the  truth  of  what  I have  advanced  I would 
recommend  an  inspection  of  Wells  Cathedral 
by  way  of  example.  The  glorious  east  window, 
full  of  indescribable  beauty,  remains  as  a 
witness  against  the  monstrous  crudities  and 
platitudes  that  surround  it  on  every  side  to 
the  utter  degradation  of  a noble  branch  of 
ancient  art.  I hope  it  will  not  be  supposed, 
when  I protest  against  the  absurdity  of  putting 
different  styles  of  architecture  or  glass  into 
one  building,  that  I am  ignorant  or  unappre- 
ciative of  the  value  and  interest  of  historical 
accretion  in  a building,  which  is  a vastly 
different  thing  from  feeble  imitative  confusion 
and  contradiction. 

Since  writing  the  foregoing  passage,  I have 
had  the  pleasure  of  reading  Mr.  Lewis  Day’s 
most  valuable  and  interesting  paper  on  the 
“Making  of  a Stained  Glass  Window.”  He 
tells  us  therein  how  the  modern  science  of 
chemistry  has  enabled  artists  to  come  at  all  the 
component  parts  of  ancient  stained  glass.  In 
like  manner  a chemist  can  analyse  the  finest 
wine,  and  set  out  all  its  component  parts,  but 
putting  them  together  will  not  make  the  wine, 
sun  and  soil  and  atmosphere  are  left  out  of 
account,  and  so  in  like  manner  when  we  have 
every  material  and  method  that  a mediaeval 


glass  painter  used,  we  lack  the  simple  un- 
questioning belief  and  unhesitating  assertion, 
which  imparted  life  and  spirit  to  the  work  of 
men  in  the  middle  ages — the  body  we  may 
have,  but  the  soul  will  be  wanting — it  is  but 
imitative  work. 

Though  I suppose  the  Applied  Arts  Section 
does  not  include  poetry,  it  is  impossible  to 
speak  of  the  life-work  of  William  Morris  with- 
out mentioning  his  poetry  and  other  literary 
work. 

It  is  true,  on  the  other  hand,  that  I can 
speak  of  no  part-  of  his  work,  or  of  his  doings, 
without  speaking  of  his  poetry,  for  verily  his 
whole  life  was  a poem,  in  its  highest  sense; 
his  aspiration  for  the  good  and  beautiful  in  art, 
his  love  of  and  entire  devotion  to  nature,  his 
abounding  hatred  of  cruelty,  injustice,  robbery 
and  wrong,  his  whole-hearted  identification  of 
himself  with  the  cause  of  the  oppressed,  his 
recklessness  of  the  consequences  to  himself  in 
his  endeavour  to  carry  out  his  ideals,  his  con- 
tempt for  worldly  honours  ; all  this  made  his 
life  a poem  in  itself,  and  as  such,  I feel  con- 
fident it  will  come  to  be  understood,  when  the 
mists  that  envelop  us  are  cleared  away,  and 
he  and  his  work  are  viewed  by  unbiassed  eyes 
in  clear  perspective. 

But  to  speak  specially  of  his  literary 
work,  when  we  call  to  mind  that  his  metrical 
writings  amount,  at  a rough  computation,  to 
more  than  150,000  lines,  and  add  to  them  those 
wonderful  prose  poems  which  were  the  pro- 
duct of  his  later  years,  we  can  scarcely  fail 
to  be  altogether  astounded,  not  only  at  the 
fecundity,  but  also  at  the  untiring  industry 
of  the  great  genius  who  gave  to  the  world 
this  glorious  treasure  of  poetry  of  the  highest 
order  amidst  the  distractions  of  commercial 
business,  the  study  of  a dozen  different  handi- 
crafts, the  production  of  innumerable  designs 
for  wall-papers,  tiles,  textile  fabrics  and 
carpets,  the  direction  of  a printing-press, 
and  the  carrying  on  of  a political  propaganda. 
Yet  I venture  to  aver  that  none  of  his  verse 
bears  signs  of  haste  or  carelessness.  I have 
in  my  possession  a large  mass  of  his  original 
MSS.,  which  bear  witness  to  the  care  with 
which  he  would  try  his  wings  until  he  got 
fairly  into  flight  ; he  would  freely  correct, 
alter,  and  rewrite,  till  he  had  satisfied  himself 
with  his  work  : that  done  and  fairly  copied,  he 
rarely  made  any  further  alteration,  and  I 
should  doubt  if  any  poet  returned  cleaner 
proofs  to  the  printers.  His  revision  of  suc- 
ceeding editions  was  of  the  slightest,  rarely 
did  he  alter  a single  word.  But  this  did  not 
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arise  from  indolence,  but  from  his  faculty  of 
seizing  the  aptest  word  or  most  felicitous 
phrase  with  little  effort,  and  once  adopted, 
he  was  ultimately  satisfied  with  it.  Morris’s 
wealth  of  diction  can  scarcely  fail  to  strike 
any  reader  of  his  works  who  knows  what 
that  phrase  means.  So  completely  was  he 
master  of  his  mother  tongue,  that  he  had 
not  an  English  dictionary  among  his  many 
books,  until,  about  a year  before  his  death,  he 
was  induced  from  curiosity  to  buy  “ Skeat’s 
Etymological  Dictionary.”  Words  seemed  to 
well  up  in  his  mind  as  he  wrote,  as  water 
bubbles  from  a spring.  So  great  was  his 
facility  of  composition  on  occasions,  that  when 
the  tide  once  flowed  it  seemed  to  rush  on 
irresistibly.  It  is  notably  on  record  that,  when 
the  story  of  Jason  had  taken  firm  hold  of  his 
imagination,  he  wrote  continuously  in  one  day, 
beginning  at  4 a.m.,  750  lines.  In  turning 
over  some  of  his  MSS.  lately,  I came  on  a 
memorandum  made  by  him  on  the  foot  of  a 
page,  “310  lines  after  10  p.m.” 

It  is  no  unusual  thing  to  hear  people  affect 
the  opinion  that  quantity  comes  before  quality 
in  Morris’s  poetry,  an  allegation  that  I do  not 
hesitate  to  traverse.  I never  yet  put  one  of 
these  cavillers  through  his  facings,  as  to  how 
much  he  knew  of  the  work  he  was  carping  at, 
that  I did  not  succeed  in  running  him  down  to 
the  confession  that  his  knowledge  of  the  poet 
he  criticised,  was  confined  to  reviews  and  ex- 
tracts. Some  one,  as  rash  as  he  was  ignorant, 
lately  ventured  to  say  in  print  somewhere,  that 
the  author  himself  held  but  lightly  by  his  work  of 
“The  Earthly  Paradise.”  Never  was  a more  un- 
founded statement.  Had  there  been  any  ground 
for  it,  the  production  of  the  sumptuous  edition  of 
the  book  printed  at  the  Kelmscott  Press  would 
assuredly  not  have  been  one  of  the  author’s 
cares  during  the  last  months  of  his  life.  The 
great  northern  epic  of  “ Sigurd  the  Volsung  ” 
must,  I think,  be  looked  upon  as  Morris’s 
supreme  poetic  triumph,  and  he  certainly  re- 
garded it  in  that  light  himself.  It  is  not  only 
the  masterly  way  in  which  he  has  evolved  the 
grand  and  stately  story  from  the  ancient  legend, 
but  the  pathos,  passion,  and  nobility  thrown 
into  it,  make  the  reader  feel  that  here  he  is 
truly  face  to  face  with  one  of  the  world’s  great 
poets.  The  splendid  roll  of  the  rhythm,  which 
never  for  a moment  flags,  and  the  masterly 
manner  in  which  the  language  is  handled, 
cause  one  now  and  again  to  pause  in  admira- 
tion, and  to  wonder  at  the  unexpectedness,  yet 
perfect  aptitude  of  the  phraseology  ; the  words 
seem  to  spring  forth,  as  it  were,  by  magic,  and 


every  line  palpitates  with  vigour,  life,  and  light. 
Morris,  in  this  great  poem,  seems  to  wield  the 
English  language  as  Sigurd  wielded  the  Light 
of  the  Branstock,  the  gift  of  Odin,  every  word 
and  sentence  coming  home  with  irresistible 
power  and  might.  When  the  book  was  pub- 
lished, in  1878,  though  the  grandeur  of  it  was 
acknowledged  and  recognised  by  most  of  the 
reviewers  of  the  day,  the  critic,  whoever  he  may 
have  been,  who  at  that  moment  was  powerful  at 
the  Tunes  office,  put  a studied  insult  upon  it  by 
coupling  it  with  a volume  of  verse  by  a 
poetaster  which  had  appeared  about  the  same 
period.  It  mattered  not : the  book  was,  and 
will  remain,  a glorious  contribution  to  the  main 
stream  of 

“ Poesy’s  unfailing'  river, 

Which  through  Albion  •winds  for  ever,” 

Where,  in  the  whole  range  of  English  verse, 
shall  we  light  upon  nobler  numbers  than  in  the 
pathetic  description  of  Sigmund  delivering  the 
dead  body  of  his  son,  Sinfiotli,  to  Odin,  after 
he  had  been  poisoned  by  his  stepmother  Borg- 
hild? 

“ Then  he  lifted  him  up  from  the  hall  floor  and  bore  him  on 
his  breast. 

And  men  who  saw  Sinfiotli  deemed  his  heart  had  gotten 
rest. 

And  his  eyes  were  no  more  dreadful.  Forth  fared  the 
Volsung  child 

With  Signy’s  son  through  the  doorway  ; and  the  wind  was 
great  and  wdld. 

And  the  moon  rode  high  in  the  heavens,  and  whiles  it  shone 
out  bright. 

And  -whiles  the  clouds  drew  over.  So  went  he  through  the 
night. 

Until  the  dwellings  of  man  folk  were  a long  while  left 
behind. 

Then  came  he  unto  the  thicket  and  the  houses  of  the  wind. 

And  the  feet  of  the  hoary  mountains,  and  the  dwellings  of 
the  deer, 

And  the  heaths  without  a shepherd,  and  the  houseless  dales 
and  drear. 

Then  lo,  a mighty  water,  a rushing  flood  and  wide. 

And  no  ferry  for  the  shipless  ; so  he  went  along  its  side. 

As  a man  that  seeketh  somewhat : but  it  widened  toward 
the  sea, 

And  the  moon  sank  dowm  in  the  west,  and  he  went  o’er  a 
desert  lea. 

But  lo,  in  that  dusk  ere  the  dawning  a glimmering  over  the 
flood 

And  the  sound  of  the  cleaving  of  waters,  and  Sigmund  the 
Volsung  stood 

By  the  edge  of  the  sw'irling  eddy,  and  a white-sailed  boat 
he  saw, 

And  its  keel  ran  light  on  the  strand  w'ith  the  last  of  the 
dying  flaw. 

But  therein  was  a man  most  mighty,  grey-clad  like  the 
mountain-cloud. 

One-eyed  and  seeming  ancient,  and  he  spake  and  hailed 
him  aloud  : 

‘ Now  whither  away  King  Sigmund,  for  thou  farest  far 
to-night  ?’ 

Spake  the  King  : ‘ I would  cross  this  water,  for  my  life  hath 
lost  its  light. 

And  mayhap  there  be  deeds  for  a king  to  be  found  on  the 
further  shore.' 


May  27,  189^.] 


JOURNAL  OF  THE  SOCIETF  OF  ARTS. 


'My  senders,’  quoth  the  shipman,  ‘bade  me  waft  a great 
king  o’er, 

So  set  thy  burden  a ship-board,  for  the  night’s  face  looks 
towards  day,’ 

So  betwixt  the  earth  and  the  water  his  son  did  Sigmund 
lay: 

Hut  lo,  when  he  fain  would  follow,  there  was  neither  ship 
nor  man. 

Nor  aught  but  his  empty  bosom  beside  that  water  wan. 

That  whitened  by  little  and  little  as  the  night’s  face  looked 
to  the  day. 

So  he  stood  a long  while  gazing  and  then  turned  and  gat 
him  away  ; 

And  ere  the  sun  of  the  noon-tide  across  the  meadows 
shone 

Sigmund  the  King  of  the  Volsungs  was  set  in  his  father’s 
throne, 

And  he  hearkened  and  doomed  and  portioned,  and  did  all 
the  deeds  of  a king. 

So  the  autumn  waned  and  perished,  and  the  winter  brought 
the  spring”. 

Never  did  any  poet  write  more  genuinely  and 
spontaneously  from  inspiration,  without  giving 
one  moment’s  consideration  to  the  question 
whether  what  he  thought  of  writing  would  be 
likely  to  find  acceptance  with  the  public,  or, 
in  other  words,  whether  it  would  sell.  He 
wrote  for  art’s  sake,  and  for  art’s  sake  only. 

I well  remember  that  in  early  days,  some 
thirty  years  ago  that  is,  he  used  to  be  curious 
as  to  how  his  verse  would  be  received,  but  of 
later  years  he  was  wisely  impervious  to  hostile 
criticism,  though  he  was  always  grateful 
for  intelligent  appreciation.  He  was,  in  truth, 
an  able  critic  of  his  own  work,  and  was  happily 
confident  of  future  fame. 

Inwoven  as  it  were  with  Morris’s  life-work, 
was  a happy  circumstance  which  for  25 
years  helped  to  give  to  it  colour,  vigour, 
and  happiness,  and  contributed  in  no  small 
measure,  I venture  to  think,  to  the  value  and 
beauty  of  all  he  set  his  hand  to.  This  was  the 
acquisition,  as  a dwelling,  of  the  ancient 
manor-house  at  Kelmscott,  in  Oxfordshire. 
Scarce  could  the  wand  of  a magician  have 
called  into  being  a home  more  suited  to 
his  tastes  and  sympathies,  than  this  secluded 
spot,  close  to  the  stream  whose  gently-sloping 
uplands,  flower-bearing  banks,  willowy  nooks, 
rush  or  reed-grown  reaches,  clear  shallows, 
and  swirling  eddies,  are  so  exquisitively  pictured 
in  his  poems.  The  grey-weathered  walls 
of  the  stone-built  gabled  house,  surrounded 
by  an  old  garden  with  a moss-grown  orchard, 
and  a meadow-close  hard  by,  made  it  the 
very  place  of  retreat  he  had  longed  for.  He 
once  told  me  that  when  he  first  went  to  look 
at  it  he  found  that  it  exactly  resembled  a 
house  he  once  had  a vision  of  in  a dream. 
To  escape  to  Kelmscott  from  the  smoke  and 
turmoil  of  London  when  he  had  any  special 
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work,  literary  or  graphic,  on  hand,  was  of  the 
greatest  benefit  to  its  successful  accomplish- 
ment, or  to  go  thither  and  throw  off  work 
altogether  for  a short  season  occasionally, 
was  the  most  grateful  refreshment  to  his 
mind. 

But  even  while  his  spirit  was  filled  with 
the  great  epic  of  the  North,  his  eyes  had  been 
pasturing  on  the  rich  colour  and  inimitable 
designs  of  the  East.  So  far  as  my  memory 
serves  me,  it  was  about  1875  that  his  mind 
was  specially  fired  by  the  magnificence  of 
the  ancient  oriental  carpets  which  were  just 
then  imported  in  large  quantities.  He  bought 
a great  number  of  choice  examples  and  set 
himself  to  study,  not  only  the  scheme  of 
design  and  colour,  but  also  the  method  of 
manufacture.  His  study  of  design,  whether 
in  this  or  anything  else,  did  not  mean  crude 
and  ineffective  copying  of  original  patterns, 
but  as  in  literature  his  style  is  no  servile  follow- 
ing of  ancient  form,  but  an  assimilation  of  so 
much  as  is  good  and  valuable  in  it,  so  did  he 
assimilate  the  manner  of  the  ancient  tra- 
ditional patterns  of  the  East,  and  thence 
produce  thoroughly  original  and  harmonious 
work,  graceful  in  line  and  beautiful  in  colour. 
It  was  no  light  matter  to  begin  such  an  under- 
taking. There  was  no  warehouse,  whither  he 
could  go  to  buy  such  wools  as  he  needed,  ready 
to  hand ; he  must  dye  them  himself,  and  with 
an  enterprise  and  unwearied  determination 
rarely  equalled—  never  certainly  by  one  who 
was  also  a great  master  in  song— he  set  him- 
self to  learn  the  craft  and  practice  of  dyeing, 
first  carrying  it  on  in  the  cellars  of  his  dwelling- 
house  at  Queen-square,  and  subsequently  at 
the  works  which  he  established  at  Merton. 

Having  thoroughly  mastered  the  art  himself, 
he  soon  set  others  to  work,  with  a result  that 
had  but  one  fault,  namely,  that  the  work  he 
produced  was  too  absolutely  good  and  perfect 
to  meet  with  general  acceptance  in  the  more 
costly  forms,  but  nevertheless  the  Duller’ s 
Wood  and  the  Peterhouse  carpets,  and  man}’ 
another,  will  for  long  years  to  come  testify  to 
the  success  and  excellence  of  the  manufacture, 
while  the  simpler  webs  have  been  distributed 
far  and  wide  to  the  brightening  of  many 
hundreds  of  homes.  Another  great  project 
which  he  carried  out  to  its  fulfilment  with 
perfect  success,  as  you  may  see  by  the 
splendid  examples  exhibited  this  afternoon, 
was  the  restoration  of  the  manufacture  of 
tapestry  as  a fine  art  in  England,  where  in 
old  days  it  had  rivalled  the  work  of  our 
neighbours  over-sea,  but  had  latterly  died  out 
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altogether.  To  make  himself  a master  of  this 
art,  he  set  up  a loom  in  his  bedroom  at  Ham- 
mersmith, and  there  worked  a panel  with  his 
own  hands.  The  ditference  between  Morris’s 
work  and  the  most  costly  kind  of  tapestry  made 
elsewhere  is  not,  I believe,  so  much  technical 
as  aesthetical.  The  art  has  unfortunately  been 
diverted  from  its  true  decorative  character,  to 
the  copying  of  pictures  which  do  not  properly 
l;nd  themselves  to  such  reproduction,  and  were 
never  intended  for  it. 

Morris  worked  from  designs  made  specially 
for  the  purpose,  for  the  most  part.  Those  who 
have  had  the  good  fortune  to  see  the  magnifi- 
cent hangings  in  the  dining-hall  of  Mr.  Darcy’s 
house  at  Stanmore,  representing  the  “ Quest 
of  the  Holy  Grail,”  will  understand  how  great 
a triumph  has  been  achieved,  where  the  designs 
of  Sir  E.  Burne-Jones  are  worthily  worked  out 
under  the  great  craftsman’s  personal  superin- 
tendence. The  piece  of  the  “Four  Seasons,” 
which  by  the  kindness  of  the  authorities  of 
the  Science  and  Art  Department  of  South 
Kensington,  is  exhibited  here  to-day,  was 
designed  by  Morris  himself,  and  I think  will 
be  allowed  to  be  no  mean  witness  to  his  power 
of  drawing  the  human  figure  when  he  was  put 
to  it  by  necessity,  as  happened  on  this 
occasion. 

Among  the  many  arts  to  which  he  applied 
himself  with  notable  success,  I must  not 
omit  the  mention  of  one  which  has  scarcely 
been  heard  of  beyond  the  immediate  circle  of 
his  private  friends  though  he  bestowed  much 
time  and  attention  upon  it  and  attained  to  great 
skill  in  its  practice.  I allude  to  the  truly 
mediaeval  art  of  caligraphy.  This,  like  many 
other  of  his  labours  would  have  been  with  an 
ordinary  man  an  exclusive  and  absorbing  life- 
study,  not  so  with  Morris,  he  studied  it  at  odd 
moments,  and  pursued  it  as  a pastime,  to  fill 
up  a few  odd  hours  as  it  were.  Numerous 
volumes  are  in  existence  to  bear  witness  to  the 
mastery  he  attained  in  this  beautiful  art,  many 
of  them  being  enriched  with  original  decorative 
designs.  Among  the  specimens  of  his  cali- 
graphic  skill  are  several  translations  of  the 
Icelandic  Sagas,  two  of  which  are  exhibited 
here  to-day  by  the  kind  consent  of  Lady 
Burne  - Jones,  but  his  masterpieces  were 
Fitzgerald’s  translation  of  the  “ Quatrains  of 
Omar  Khayyam,”  and  the  works  of  Horace 
and  Virgil,  the  latter  unfortunately  never  com- 
pleted. 

I should  do  Morris’s  memory  a great  wrong 
if  I were  to  omit  all  mention  of  the  noble  stand 
he  made  against  the  destruction  of  ancient 


works  of  art  at  the  hands  of  the  ruthlessj 
restorer  and  the  commercial  wrecker.  As  a 
foremost  founder  of  the  Society  for  the  Pro-i 
tection  of  Ancient  Buildings,  in  company  withi 
Mr.  Thackeray  Turner  and  others,  he  did 
work  that  entitles  him  to  the  gratitude  of 
every  man  and  woman  who  has  any  true  love 
for  the  glory  of  our  ancestors.  Nothing  but 
absence  from  London  ever  kept  him  from  the 
weekly  Thursday  evening  meetings  of  the 
society,  and  often  would  he  return  to  town  from 
a great  distance,  at  extreme  inconvenience  to 
himself,  that  he  might  attend  to  what  he  looked 
upon  as  one  of  his  most  important  objects  in 
life.  Innumerable  were  the  letters  he  wrote  on 
the  subject,  and  great  was  his  grief  when,  as 
but  too  often  happened,  the  destroyers  were  deaf 
to  all  appeals.  Nevertheless,  the  good  work 
done  by  this  modest  but  energetic  society  can 
hardly  be  over-rated,  and  I would  earnestly 
urge  on  every  one  in  this  assembly,  who  has 
any  love  for  ancient  architecture,  and  any  real 
reverence  for  the  memory  of  William  Morris, 
that  there  can  be  no  better  way  of  showing  it 
than  by  becoming  a member  of  the  Society  for 
the  Protection  of  Ancient  Buildings  at  the 
trifling  subscription  of  los.  6d.  per  annum. 

While  considering  Morris’s  life-work,  it  is 
impossible  to  pass  over  one  subject  which  for 
about  fifteen  years  absorbed  a vast  deal  of 
his  time  and  attention.  Though  it  may  appear 
on  the  surface  to  have  no  direct  relation  to  the 
study,  practice,  and  teaching  of  art,  he  firmly 
believed  that  it  went  to  the  root  of  the  whole 
matter,  inasmuch  as  he  held  that  there  could 
be  no  good  craftsmanship  while  the  craftsman 
was  in  a state  of  degradation.  I refer,  of 
course,  to  the  Socialist  movement,  into  which 
from  about  1881  he  threw  himself,  heart  and 
soul.  When  once  he  became  convinced  of  the 
justice  of  the  cause,  he  cast  aside  all  con- 
siderations of  personal  taste,  ease,  and  com- 
fort, doing  violence,  as  I well  know,  to  his  own 
feelings  and  predilections,  and  forcing  himself 
to  personal  work  and  labour  that  was  abso- 
lutely distasteful  to  him. 

I must  confess  that  it  amazed  me  to  see  how 
earnest  he  was  in  his  belief  that  some  great 
change  in  the  constitution  of  society  could  be 
wrought  suddenly,  and  by  direct  means. 
Never  did  any  man  give  himself  to  a cause 
with  purer  unselfishness  and  more  hearty 
devotion.  Personally,  he  had  everything  to 
lose  (as  the  world  counts  such  matters), 
and  nothing  to  gain.  Fame  he  already 
possessed,  and  notoriety  he  genuinely  and 
utterly  scorned.  For  some  years  he  bore  the 
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whole  cost  of  printing  a weekly  paper,  which 
never  approached  within  a long  distance  of 
paying  its  expenses.  He  was  not  overburdened 
with  ready  money  at  the  time,  and  even  sold 
his  cherished  books  to  provide  funds.  But  he 
spent  not  only  money,  but  a large  share  of  his 
time  in  writing  about  current  politics,  which 
were  altogether  hateful  to  him.  Yet,  unlike 
those  men  who  quarrel  with  all  who  do  not 
share  their  own  enthusiasms,  I never  knew  him 
attempt  to  thrust  his  opinions  on  those  who 
differed  from  him,  and  I greatly  doubt  if  he 
lost  a single  one  of  his  old  friends  through  his 
generous  espousal  of  an  unpopular  cause.  In  his 
later  years,  though  he  did  not  alter  his  opinions, 
it  appeared  to  me  that  he  was  satisfied  that 
any  chance  of  forcing  on  a sudden  change 
was  altogether  hopeless.  Who  is  there  but 
must  admire  the  ardour  with  which  he  worked  ? 
not  merely  by  giving  moral  and  pecuniary 
support  to  the  cause  he  had  adopted,  but  in 
leaving  his  comfortable  home  and  pleasant 
literary  and  artistic  occupation,  to  go  forth 
early  in  the  morning  to  speak  at  the  dock 
gates  and  street  corners,  attending  innumer- 
able evening  meetings  in  localities  that  were 
anything  but  grateful  to  his  aesthetic  tastes* 
and  travelling  thousands  of  miles  to  the 
Midlands,  the  North  of  England  and  Scotland 
to  speak  at  public  assemblies,  and  all  with 
no  hope  of  other  reward  than  that  which  arose 
from  the  consciousness  of  doing  work  which 
he  firmly  believed  to  be  for  the  benefit  of 
those  who  most  needed  his  help. 

But  the  neglect  of  his  business,  which  this 
disinterested  political  activity  made  inevitable, 
had  a far  different  result  than  that  which  might 
have  been  expected.  Being  left  to  the  able 
management  of  the  two  gentlemen  whom  he 
latterly  took  into  partnership,  the  business 
flourished  far  more  than  it  is  likely  it  would 
have  done  otherwise,  and  so  led  to  the  great 
undertaking  which,  in  my  eyes  at  least,  was 
the  crowning  work  of  his  life,  namely,  the 
establishment  of  the  now  famous  Kelmscott 
Press,  and,  moreover,  afforded  him  the  means  of 
collecting  the  magnificent  library  of  illuminated 
manuscripts  and  early  printed  books  which 
was  the  delight  and  solace  of  his  last  years. 
The  ordinary  19th  century  printing  and  book 
illustration  had  long  been  a thorn  in  his 
side.  I well  remember  how,  some  25  years 
ago,  he  took  up  a volume  printed  by  Aldus 
about  1490,  in  his  earliest  and  best  manner, 
and  exclaimed  as  he  turned  over  the  pages, 
“ Ah  ! I wish  I could  get  my  books  printed 
like  that.”  But  to  hope  for  the  fulfilment  of 
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his  ideal  of  typography  by  applying  to  any  of 
the  ordinary  commercial  printing  offices  would 
have  been  as  futile  as  to  attempt  to  get  w’all- 
papers  to  his  taste  from  the  ordinary'  decorator* 
there  was  but  one  way — to  do  the  thing  him- 
self. But  the  starting  of  a press  and  the 
casting  of  founts  of  type  are  no  slight  matters, 
and  had  not  money  been  coming  in  pretty 
freely  from  the  business,  under  his  partners’ 
able  management,  I do  not  suppose  that  “'J’hc 
Golden  Legend,”  the  “Chaucer,”  or  other 
noble  monuments  of  artistic  typography,  would 
ever  have  seen  the  light.  As  it  had  been  with 
his  previous  undertakings,  so  was  it  with  this. 
The  whole  scheme  bristled  with  difficulties  and 
hindrances  at  the  outset,  w'hich  would  have 
deterred  a man  of  less  resource  and  determina- 
tion from  going  on  w*ith  it.  But  his  knowledge 
of  caligraphy  and  early  typography,  coupled 
with  the  able  assistance  of  Mr.  Emery  Walker, 
rendered  him  independent  of  the  ordinary 
means  of  starting  a press,  and  for  the  first 
time  since  printing  has  been  practised  in 
England,  types  were  designed  and  cast  which 
are  at  once  useful  and  artistic.  Morris 
has  not  unfrequently  been  complimented,  by 
writers  who  knew  no  better,  on  being  the  best 
English  printer  since  Caxton  ; the  fact  being 
that,  although  we  honour  Caxton’s  name  as  the 
introducer  of  typography  into  England,  and  as 
a writer  of  sterling  English,  it  may  safely  be 
said  of  him  that  he  was  the  worst  printer  of  the 
15th  century.  His  types  were  rude,  his  wood- 
cuts  beneath  contempt,  and  his  presses  of  the 
weakest,  while  his  texts  were  faulty  beyond 
measure.  The  founder  of  the  Kelmscott  Press 
happily  lived  to  see  the  completion  of  the  book 
upon  which,  of  all  others,  he  had  set  his  heart, 
viz., the  monumental  edition  of  the  works  of  his 
master,  Geoffrey  Chaucer.  By  a happy  conjunc- 
tion of  circumstances,  three  important  editions 
of  the  great  poet  have  been  given  to  the  world 
in  forestalment  of  the  500th  anniversary  of  his 
death,  now  so  closely  upon  us  ; Prof.  Skeat’s 
Clarendon  Press  edition  and  the  Globe  edition 
being  monuments  of  textual  labour  and 
scholarship,  and  the  Kelmscott  Press  edition 
being,  I do  not  hesitate  to  say,  for  typo- 
graphy, ornament  and  illustrations  combined, 
the  grandest  book  that  has  issued  from  the 
press  since  the  invention  of  typography.  It 
was  but  three  short  months  before  the  end 
came  that  Mr.  Douglas  Cockerell  arrived  at 
Folkestone,  where  the  dying  poet  was  then 
staying,  with  the  first  completed  copy  of  the 
Chaucer,  bound  from  his  own  design.  The  title 
page  had  been  his  last  great  work,  and  he 
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turned  over  the  pages  with  evident  gratifica- 
tion, weak  and  feeble  as  he  then  was. 

How  many  grand  books  might  have  issued 
from  the  Kelmscott  Press  had  the  master’s  life 
been  prolonged,  it  is  impossible  to  say,  but 
three  books  he  had  specially  in  his  mind,  to 
wit,  Shakespeare,  the  English  Bible,  and 
Froissart’s  “Chronicles;”  for  the  last-men- 
tioned he  had  already  designed  some  borders. 
Alas  ! these  three  glories  of  the  English  lan- 
guage are,  in  all  likelihood,  destined  to  wait 
long  ere  they  appear  in  such  guise  as  Morris 
purposed  to  bestow  upon  them. 

To  sum  up,  then,  for  forty  long  years  were 
the  teeming  brain  and  the  deft  hands  of  this 
indefatigable  worker  busy  for  the  benefit  of  his 
fellow  men ; from  the  day,  we  may  say,  when 
he  projected  the  “ Oxford  and  Cambridge 
Magazine,”  in  1856 — when  the  world  seems  to 
have  been  almost  young  as  we  look  back  upon 
it — till  within  a few  days  of  his  death  in  1896. 
And  how  truly  marvellous  has  been  that  work, 
how  many  homes  have  been  made  more  cheer- 
ful and  happier  by  the  brightness  and  beauty 
his  genius  has  bestowed  upon  them  ; what  love 
of  antiquity  has  his  teaching  awakened  and 
kept  alive  ; how  many  ancient  monuments  have 
been  saved  from  destruction  by  his  elforts ; 
what  new  life  has  he  given  to  the  art  of  design, 
if  men  will  but  have  the  wit  to  learn  the  lessons 
he  has  afforded  them  : what  a storehouse  of 
delight  and  pleasure  has  he  laid  open  to  us  in 
his  immortal  verse  and  those  magnificent  prose 
poems — his  romances — and  what  a glorious 
halo  has  he  shed  round  him  by  the  nobility  of 
his  character. 

In  all  the  intimate  relationship  of  business 
and  private  friendship  that  I had  with  this 
great  man,  extending  over  a period  of  more 
than  thirty  years,  I never  knew  him  to  give 
countenance  to  an  action  of  which  any  man 
might  be  ashamed,  and  the  shadow  of  a false- 
hood was  as  foreign  to  his  lips  as  is  snow  to 
midsummer  : to  attempt  to  get  the  advantage 
over  his  fellow  man  was  a thing  that  never  for 
one  moment  entered  his  mind.  He  has  in  truth 
left  us  by  his  life-work  a glorious  heritage 
which  all  men  may  enjoy,  and  truly  may  it 
be  said  of  him,  that  “ He  being  dead  yet 
speaketh.” 


DISCUSSION. 

The  Chairman,  in  opening  the  discussion,  said  he 
did  not  feel  competent  to  enter  on  the  question  of 
that  side  of  Morris’s  work  which  must  chiefly  interest 
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the  Society,  viz.,  what  he  did  as  an  artist  and  handi- 
craftsman,  but  he  might  make  one  remark  on  his 
literary  activity.  A great  deal  was  said  about  the 
inartistic  and  unpoetical  character  of  the  present  day, 
some  of  it  rather  unjustly,  he  thought ; but  at  any 
rate  it  was  remarkable  that  in  this  age  only,  as  far  as 
he  was  aware,  had  men  been  found  who  united  great 
literary  abilities  with  the  highest  decorative  powers. 
Putting  aside  the  very  few  metrical  productions  of 
Michael  Angelo,  he  did  not  think  that  in  the  history 
of  the  world  any  man  had  arisen  who  was  qualified  to 
stand  in  the  first  rank  both  as  a poet  and  an  artist, 
until  Dante  Gabriel  Rossetti.  It  could  not  be  said 
that  William  Morris  stood  as  a painter  in  the  same 
rank  as  Rossetti ; but  if  one  looked  to  his  decorative 
work  in  artistic  design  and  construction,  he  pre- 
sented a phenomenon  not  less  remarkable,  and  in 
these  men  were  combined  for  the  first  time  in  the 
history  of  the  world  the  poetic  and  artistic  faculties, 
in  such  perfection  in  each  case,  that  one  knew 
not  which  to  place  first.  As  arts  and  manufac- 
tures concerned  that  Society  more  than  letters,  he 
would  not  detain  them  with  any  observations  on  the 
literary  question,  but  hoped  they  would  be  favoured 
with  some  further  observations  on  ISIorris  as  a 
designer. 

Mr.  Lewis  F.  Day  said,  in  response  to  the  Chair- 
man, that  they  had  all  come  to  hear  what  Mr.  Ellis 
had  to  say  about  a man  whom  they  honoured  as  a man 
and  admired  as  an  artist.  He  would  not  attempt  any 
appreciation  of  Monis ; they  all  knew  him ; it  might 
all  be  summed  up  by  saying  he  was  Monis.  Possibly 
he  did  not  always  quite  do  himself  justice  in  what  he 
said,  but  conveyed  by  his  frank  and  fearless  utterance 
a wrong  impression  of  what  he  meant.  He  was  not 
quite  sure  whether,  in  regard  to  stained  glass,  Mr. 
Ellis  was  quoting  William  Morris,  or  expressing  his 
own  opinion,  when  he  pronounced  this  an  art  in 
which  it  was  impossible  to  succeed  in  these  days.  It 
was  quite  true  that  the  past  was  past,  but,  for  his  own 
part,  he  thought  Morris  succeeded  quite  as  well  in 
stained  glass  as  in  tapestry — in  both  cases  with  the  aid 
of  his  friend.  Sir  Edward  Burne-Jones.  He  personally 
did  not  see  the  inferiority  of  his  glass,  in  fact  of  the 
two  he  preferred  it ; he  saw  no  reason  for  saying  that 
you  could  not  take  what  there  was  to  be  got  from 
old  glass,  quite  as  happily  as  you  could  take  old 
Sicilian  silks  or  mediaeval  tapestries  as  your  starting 
point,  which  Morris  did,  and  yet  succeeded  always  in 
being  himself — an  epoch-making  designer.  No  one 
who  knew  Morris  but  must  recognise  that  he  was 
facile  frinceps  as  a designer ; but  if  he  had  ever  said 
what  Mr.  Ellis  attributed  to  him  with  regard  to 
glass,  he,  the  speaker,  would  have  quarrelled  with 
him,  as  he  often  had  done  in  a friendly  way.  One  ' 
of  the  privileges  of  knowing  Morris  was  that  you 
could  quarrel  with  him — as  you  did ; but  quarrel  with 
him  as  you  might  you  knew  him  always  to  be  the  I 
finest  fellow,  and  the  greatest  decorative  artist,  of  j 
his  day. 
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Dr.  Furnivall  said  he  could  not  say  much  about 
tlie  art  of  William  Morris.  He  remembered  on  his 
first  visit  to  the  house  at  Bexley  Heath,  Morris 
showed  him  a cabinet  he  had  been  painting,  which 
was  not  quite  finished,  but  he  had  made  great  use  of 
two  colours  which  he  (Dr.  Furnivall)  hated  above 
everything — one  a light  yellow,  and,  the  other,  London 
mud.  He  ventured  to  object  to  these  colours,  but  the 

only  reply  was : “Don’t  be  a d fool.”  Morris 

generally  set  you  down  in  that  way  if  you  did  not 
agree  with  him.  For  all  that,  he  had  a most  genuine 
admiration  for  Morris,  whom  he  had  known  as  long, 
though  not  so  intimately,  as  had  Mr.  Ellis,  each  being 
busily  engaged  in  his  own  pursuits.  They  came  more 
together  over  the  printing  of  the  Chaucer,  which  arose  ' 
from  the  publications  of  the  Chaucer  Society,  which 
he  (Dr.  Furnivall)  established,  and  of  the  Early  Eng- 
lish Text  Society,  of  which  Mr.  Wheatley  was  the 
original  honorary  secretary.  It  had  given  him  the 
greatest  pleasure  to  hear  this  paper  by  Mr.  Ellis, 
who  knew  Morris  so  well ; who  lived  with  him,  fished 
with  him,  worked  with  him,  edited  for  him,  believed 
in  him,  and  was  with  him  until  his  death.  In  fact, 
he  and  Mr.  Emery  Walker  were  to  Morris  the  most 
affectionate  of  brothers;  and  it  was  a delight  to  every 
one  who  kne\v  them,  to  think  of  how  they  helped 
Morris  in  all  his  work,  and  made  him  as  happy  as 
they  could  during  the  last  years  of  his  life.  All  their 
friends  must  respect  and  love  them  for  their  affection, 
love,  and  devotion  to  Morris.  There  were  one  or  two 
things  only  in  the  paper  with  which  he  did  not  quite 
agree.  One  was  as  to  the  question  of  bringing  to 
light  the  early  work  of  a man  which  he  had  not  pub- 
lished himself.  He  had  talked  this  over  with  Tenny- 
son and  Browning,  and  differed  from  them  as  he  did 
from  Mr.  Ellis  about  it.  His  feeling  was,  that  when 
a man  had  attained  to  such  eminence,  students  who 
followed  him  and  wanted  to  know  how  he  got  there, 
were  justified  in  seeking  to  know  the  process  by 
which  he  rose.  When  you  facsimiled  a poem  of 
Shelley’s,  and  showed  a dozen  or  a score  of  correc- 
tions before  it  was  finished,  there  was  no  dishonour 
to  Shelley’s  memory.  It  was  not  the  vulgar  curiosity 
which  was  so  much  pandered  to  in  the  newspapers, 
but  a desire  to  understand  how  the  man  rose,  and  to 
Avatch  his  rise.  It  was  a reverent  curiosity,  and  a 
desire  to  learn  how  to  improve.  Then,  with  regard  to 
phonology  and  knowing  how  to  pronounce  the  old 
English  tongue,  he  believed  the  late  Alexander  J. 
Ellis,  Dr.  Sweet,  and  others  could  reproduce  the 
sounds  of  the  13th  and  14th  century  English  from 
historical  data,  and  that  it  was  not  unintelligible 
gibberish  when  you  got  accustomed  to  it,  but 
pleasant  and  easy  to  follow.  Mr.  Ellis  had  re- 
ferred to  Professor  Skeat’s  “ Chaucer,”  to  his 
own  edition  printed  at  the  Kelmscott  Press,  and 
to  the  excellent  Globe  edition  which  had  since 
been  issued.  He  hoped  there  would  be  a good  deal 
more  controversy  over  Chaucer’s  text.  He  much  re- 
gretted that  Morris  did  not  live  to  produce  the 
Shakespeare  and  Froissart.  It  was  delightful  to  hear 


such  a tribute  to  Morris  from  so  true  and  long- 
abiding  friend  as  Mr.  Ellis ; it  was  the  second  lecture 
he  had  heard  by  him,  the  first  being  more  on  the  poet’s 
literaiy  work,  and  for  both  he  was  very  grateful 
to  him ; his  enthusiasm  was  as  creditable  to  him  as 
it  was  honouring  to  Morris.  He  was  sure  that  if 
William  Morris  knew  what  was  going  on  he  would 
be  gratified  to  think  that  his  old  friend  had  risen  up 
and  borne  such  eloquent  testimony  to  his  character 
and  work. 

Mr.  Cop.DEN  .Sanderson  said  he  was  verv'  glad  to 
have  been  present  to  hear  this  noble  tribute  by  Mr. 
Ellis  to  the  memory  of  his  old  and  dear  friend.  He 
had  told  them  how  he  had  touched  one  craft  after 
another  and  given  it  new  life,  and  he  was  glad  that  he 
had  not  forgotten  one  subject  which  some  perhaps 
were  desirous  to  ignore — William  Morris’s  contribution 
to  the  Socialism  of  to-day.  Morris  began  in  early 
life  seeking  to  make  things  about  him  beautiful,  things 
about  himself  and  his  house  ; then  he  passed  on  to 
making  the  environment  of  other  men’s  lives  beautiful, 
and  in  that  work  he  was  engaged  to  the  close  of  his 
life ; but  as  his  work  went  on,  and  as  he  became  more 
and  more  familiar  with  life,  he  sought  to  make  life  itself 
beautiful,  and  at  last  that  became  the  chief  subject  of 
his  thought,  and  he  sought  in  .Socialism  the  means  to 
make  life  beautiful.  To  his  mind  that  was  his  great 
distinguishing  feature  as  an  artist  and  a poet.  It  was 
too  seldom  that  poets  interested  themselves  in  the 
actual  life  of  the  world  ; they  were  engaged,  and  Avell 
engaged,  in  making  an  imaginary  world  beautiful,  and 
aitists  also  were  engaged,  too  exclusively  perhaps, 
in  the  abstract  conception  of  beauty.  Morris,  while 
in  sympathy  Avith  both  Avas  infinitely  more  in  sym- 
pathy AAuth  life  itself,  he  believed  that  A\-as  his  dis- 
tinctive feature,  and  the  one  to  Avhich  perhaps 
posterity  Avould  pay  the  greatest  honour.  He  Avas 
a very  dear  friend  of  his,  and  they  were  intimately 
connected  in  the  binding  of  some  of  his  books  ; but 
he  Avas  haiijiy  to  say  that  Avhilst  he  bound  the 
Chaucers,  or  some  of  them,  William  Morris  himself 
designed  the  cover,  so  that  he  launched  his  great 
book  on  the  Avorld  as  he  himself  desired  it  to 
appear. 

Mr.  Emery  Walker  said  he  should  like  to  make 
one  practical  suggestion,  viz.,  that  the  Society  of 
Arts  or  some  public  body  should  acquire  Avhile  they 
Avere  still  to  be  had  a complete  set  of  Morris’s 
patterns  in  their  Aarious  colourings.  As  time  Avent 
on  they  AA'ould  get  lost  unless  the  collection  Avere 
made  at  once. 

Mr.  Metford  Warner  said  he  should  like  to  bear 
his  testimony  to  William  Monis’s  truthfulness  and  care 
in  everything  he  undertook.  The  branch  of  his  in- 
dustry Avith  Avhich  he  Avas  connected  Avas  that  of  the 
manufactm-e  of  Avail  papers,  and  it  might  be  supposed 
that  Mr.  Morris  Avould  take  less  interest  in  it  than  in 
, those  manufactures  Avhere  more  expensive  materials 
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were  used,  but  he  could  testify  that  he  took  the  greatest 
personal  interest  in  it,  and  allowed  nothing  to  pass 
until  he  was  quite  satisfied  that  it  was  right  both  in 
colour  and  design  ; he  remembered  a case  where  he 
had  an  entire  set  of  expensive  blocks  put  aside  because 
he  was  not  satisfied  with  the  design.  He  had  not 
enjoyed  the  personal  friendship  of  Mr.  Morris  as  some 
others  had  done,  but  he  had  been  closely  connected 
with  him  in  business  for  over  25  years,  and  he  had 
also  been  thrown  into  connection  with  many  of  those 
who  diddiot  appreciate  Mr.  Morris.  By  such  people 
he  had  sometimes  heard  him  called  a humbug,  but 
he  had  always  assured  them  that  such  a word  was 
less  applicable  to  him  than  to  anyone  he  knew. 
AVhatever  he  did,  he  did  from  his  heart,  and  he  Avas 
very  glad  to  have  had  this  opportunity  of  saying 
publicly  Avhat  he  had  often  said  privately. 

Sir  Henry  Trueman  Wood  said  it  might  be 
interesting  to  mention  a fact,  known  to  but  few 
present,  but  one  which  he  was  sure  all  Avould  hke  to 
know,  viz.,  that  if  William  Morris  had  lived  a short 
time  longer  he  would  have  been  recommended  to 
H.R.H.  the  President  for  the  award  of  the  Albert 
Medal  of  the  Society.  In  mentioning  this  he  was 
betraying  an  official  secret,  but  he  felt  that  the 
circumstances  of  the  case  excused  him,  and  that 
the  Council  would  not  object  to  his  doing  so^ 
The  real  reason  why  the  medal  had  never  been 
awarded  to  William  Morris  was  simply  that  he  was 
looked  upon  as  a comparatively  young  man  Avith  many 
years  of  life  before  him,  and  on  several  occasions  his 
claims  were  postponed  to  those  of  much  older  men,  Avho, 
in  the  natural  course  of  life,  could  not,  it  was  thought, 
have  much  more  time  before  them.  By  the  irony  of 
fate,  all  those  distinguished  men  AAxre  left,  and 
William  Monis  had  passed  away.  They  knew  hoAv 
little  he  thought  of  all  social  distinctions,  but  he 
could  not  but  think  that  he  would  have  liked  his 
name  to  have  been  placed  on  the  list  which  con- 
tained such  names  as  those  of  Faraday,  Wheatstone, 
Bessemer,  Siemens,  and  many  others — men  to  whose 
labours  and  investigations  the  present  condition  of 
our  civilisation  was  in  great  part  due.  The  list  of 
Albert  medallists,  unfortunately,  contained  very  feAV 
workers  in  art,  and  that  was  due  to  the  fact  that  it 
was  not  sufficient  for  a man  to  have  done  good  work, 
but  his  work  must  have  exercised  great  influence,  and 
they  would  all  agree  that  that  was  the  predominant 
characteristic  of  Morris. 


The  Chairman,  in  proposing  a vote  of  thanks  to 
Mr.  Ellis  for  his  paper,  observed  that  it  was  pecu- 
liarly interesting  from  the  close  relation  in  which 
Mr.  Ellis  throughout  the  greater  part  of  Morris’s 
life  stood  to  him,  not  merely  as  a warm  and  inti- 
mate personal  friend,  but  as  a coadjutor.  It  Avas 
not  always  the  case  that  the  relations  of  author 
and  publisher  were  distingqished  by  a remarkable 


amount  of  cordiality,  but  Avhen  they  did  agree  their 
unanimity  was  wonderful.  He  really  thought,  in  all 
seriousness,  that  the  friendship  of  Mr.  Morris  and 
Mr.  Ellis  would  go  down  to  posterity  along  Avith  the 
many  interesting  literary  friendships  Avhich  had  done 
honour  to  the  republic  of  letters.  Mr.  Ellis  A\’as  not 
merely  a pubhsher ; he  had  himself  benefited  English 
literature  by  some  very  acceptable  Avorks,  of  Avhich  he 
might  mention  particularly  that  gigantic  task,  the 
Concordance  to  the  Avorks  of  Shelley.  When  they 
Avere  reminded  of  the  great  amount  of  excellent 
literary  Avork  Avhich  had  been  given  to  the  Avorld  by 
William  Morris,  he  could  not  but  think  of  those  Avho 
had  helped,  and  he  certainly  doubted  if  he  A\muld 
have  given  so  much  had  it  not  been  for  the 
appreciation  Avhich  he  got  from  that  very  quarter, 
Avhence  appreciation  Avas  most  valuable  and  en- 
couraging to  a young  author,  an  enthusiastic 
publisher.  Although  Morris  always  insisted  on  art 
being  distinct  from  commercialism,  they  had  learned 
eA^en  from  Mr.  Ellis,  that,  after  all,  letters  and 
commerce  must  be  to  a certain  extent  united,  and 
they  had  heard  that  in  all  probability  they  Avould 
never  haA^e  had  the  Kelmscott  Press  and  its  typo- 
graphical treasures  but  for  the  commercial  success 
of  William  Morris’s  manufactures,  due  to  the  com- 
mercial zeal,  energy,  and  tact  of  his  partners.  They 
had  heard  of  his  antipathy  to  the  Great  Exhibition 
of  1851 — in  which  he  must  say  he  did  not  at  all 
agree  with  him — but,  if  he  Avas  detennined  to  dishke 
it,  he  shoAved  a Avise  discretion  in  refusing  to  see  it. 
That  was  a matter  of  taste ; but,  as  a matter  of  fact, 
he  believed  that  but  for  the  Exhibition,  and  the  great 
impulse  then  given  to  artistic  manufactures,  it  Avas 
very  doubtful  whether  the  firm  of  Morris  and  Co. 
Avould  haA’e  ever  existed  at  all.  They  could  not  get 
rid  of  the  interdependence  and  connection  of  various 
pursuits.  As  things  fell  more  into  line,  harmony  and 
proportion,  no  doubt  the  figure  of  AVilliam  Morris, 
Avhich  noAV  looked  so  Titanic  and  thoroughly  original, 
so  combative  and  iconoclastic,  would  become  more 
blended,  and  harmonize  better  Avith  the  general 
progress  of  literature  and  art.  He  might  say,  in 
conclusion,  that  the  department  of  prints  and  drawings 
at  the  British  Museum  receiA'ed  a short  time  ago  a 
bequest  of  the  wood  blocks  used  by  William  Morris 
in  the  Kelmscott  Press,  and  he  hoped  they  would 
be  arranged  in  a feAv  days  in  the  King’s  Library, 
together  with  some  of  the  books  they  were  used  to 
produce. 

The  vote  of  thanks  having  been  carried  unanimously, 

Mr.  Ellis,  in  reply,  said  he  could  not  hope  that  all 
his  remarks  would  be  exactly  accepted  by  everyone, 
and  he  Avas  quite  prepared  to  find  that  Mr.  Lewis 
Day  differed  from  him  Avith  regard  to  stained  glass. 
He  hoped  some  day  he  might  have  the  opportunity  of 
discussing  the  matter  Avith  him  fully,  but  he  did  not 
think  he  should  alter  his  opinion. 
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ANTWERP  CONGRESS  ON  COMMERCIAL 
ED  C/CATION* 

An  International  Congress  on  Commercial  Educa- 
tion met  this  year  at  Antwerp,  under  the  auspices  of 
the  Club  of  P'ormer  Students  belonging  to  the  Higher 
Commercial  Institute  of  that  town. 

The  various  foreign  Governments  were  well  repre- 
sented. The  English  delegates  far  outnumbered  tlie 
others.  The  Government  sent  Captain  Abney,  C.B., 
F.R.S.,  Director  of  the  Science  Division  of  the 
Department  of  Science  and  Art  ; Mr.  T.  King, 
Senior  Chief  Inspector  of  Schools  under  the  Educa- 
tion Department ; Mr.  G.  R.  Redgrave,  Chief  Senior 
Inspector  in  the  Department  of  Science  and  Art  ; 
Mr.  R.  L.  Morant,  Assistant  Director  of  Special 
Enquiries  in  the  Education  Department  ; Mr.  W. 
AVoodall,  M.P.,  member  of  of  the  late  Commission 
on  Technical  Education.  The  Congress  was  very  well 
attended,  the  number  of  its  adherents  amounting  to 
over  250. 

The  Congress  was  opened  by  Monsieur  Nyssen, 
Ministry  of  Industry,  who  had  on  his  right  the 
militaiy^  governor  of  Antwerp,  and  the  Burgomaster 
on  his  left.  After  a few  words  of  welcome  from  the 
minister,  M.  Strauss,  the  president  of  the  organising 
committee,  made  a most  interesting  inaugural  speech. 
As  a strong  partisan  of  international  co-operation 
and  an  ardent  believer  in  free  trade,  he  declared  that 
one  man’s  gain  was  not  necessarily  another  man’s 
loss,  but  that  it  was  to  the  benefit  of  each  individual 
nation  that  all  should  grow  rich  together.  Ignorance 
spelt  misery,  knowledge  was  power,  but  knowledge 
must  be  given  in  an  organised  fashion.  Otherwise, 
one  might,  like  America,  spend  ^1^40,000,000  a year 
on  education  and  not  get  an  adequate  return  for  the 
outlay.  The  speaker  raised  a laugh  by  saying  the 
English  Merchandise  Act  had  been  a splendid 
advertisement  for  foreign  goods.  In  conclusion,  he 
said  commerce  has  been  revolutionised  in  the  last 
forty  years.  It  had  become  so  scientific  that  a 
careful  training  in  commercial  subjects  was  essential 
to  those  who  went  into  business  to-day. 

Monsieur  Siegfried  wished  the  Congress  success  in 
the  name  of  France,  after  which  Monsieur  Strauss 
was  nominated  president,  while  Captain  Abney  and 
Mr.  Redgrave  were  nominated  vice-presidents  for 
England.  The  Congress  then  proceeded  on  an 
official  visit  to  the  Burgomaster  at  the  Town-hall. 
The  Burgomaster,  in  speaking  of  the  sacrifices  that 
Antwerp  made  on  behalf  of  education,  said  that  out 
of  a budget  of  1 60,000  a year,  100,000  was 

devoted  to  education. 

In  the  afternoon,  the  first  subject  set  down  for 
discussion  was  the  utility  of  a complete  commercial 
education.  M.  Heinzmann  Savino  protested  against 

* By  Cloudesley  S.  H.  Brereton,  M.A.  Cantab,  L.  es  L. 
Paris. 
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premature  specialisation.  At  the  request  of  Monsieur 
Siegfried,  Mr.  Brereton  read  in  French  a short  paper, 
in  which  he  gave  a resume  of  an  inquiry  he  had  made 
on  “ Higher  Commercial  Education  in  France.”  In 
presenting  his  conclusions,  which  were  of  a favourable 
nature,  he  offered  them  as  an  object-lesson  to  other 
nations  who  have  shown  themselves  backward  in  this 
matter,  and  especially  to  England.  Monsieur  Siegfried 
expressed  himself  strongly  in  favour  of  higher  com- 
mercial education,  he  was  less  certain  of  the  value  cf 
purely  commercial  teaching  in  secondary  and  i)rimary 
schools.  This  led  to  the  I’resident  proj)osing  to  pass 
to  the  second  question,  which  discussed  the  extent 
to  which  commercial  instruction  should  enter  into 
primary  education.  Hen-  Hirschhom,  of  Mannheim, 
said  that  in  his  school  pupils  in  their  last  year  took 
up  shorthand  and  type-writing,  with  good  results.  Mr. 
Barlow,  of  London,  declared  that  people  in  England 
were  opposed  to  any  specialisation  in  primary  schools  ; 
he  was,  however,  contradicted  by  Mr.  Xixon,  who  cited 
Manchester  as  a town  in  which  early  specialisation  was 
to  be  found.  M.  Bonsoy,  of  the  Antwerp  Industrial 
School,  complained  that  geography  was  neglected. 
M.  Fleury,  of  Paris,  pleaded  for  a fuller  recognition 
of  the  teaching  of  geography.  Dr.  Stegmann,  of 
Brunswick,  dilated  on  the  advantages  derived  from 
a system  of  obligatory  education,  continued  up  to 
the  age  of  18,  in  the  evening  classes.  Mr.  Redgrave 
laid  down  that  commercial  instruction  should  come 
after  primary.  According  to  the  director  of  the 
Duyesschule  at  Christiania,  commercial  specialisation 
had  been  a failure  in  that  establishment.  Monsieur 
Siegfried  summed  up  the  debate  in  saying  that  the 
verdict  of  the  Congress  seemed  almost  unanimous  on 
the  point  of  leaving  primary  instruction  entirely  free 
and  general. 

The  whole  of  the  second  day  was  devoted  to 
examining  the  question  as  to  how  far  commercial 
instruction  should  enter  into  secondary  education. 
Vainly  Monsieur  Siegfried  tried  to  direct  the  dis- 
cussion to  the  merits  or  demerits  of  the  commercial 
intermediate  schools,  such  as  exist  in  Germany  and 
France,  but  it  drifted  into  a desultory'  debate  on 
secondary  education  in  general,  and  to  what  extent 
it  was,  or  ought  to  become,  commercial  in  tendency. 
M.  Strauss  considered  commercial  notions  more 
indispensable  to  the  average  man  than  notions  on 
literature.  These  sentiments  found  little  favour  Avith 
the  Congi'ess.  The  opposite  theme  was  the  subject 
of  an  excellent  paper  by  !Mr.  Fabian  AVare,  Avho 
declared  himself  the  partisan  of  education  in  its  true 
sense  “ of  the  harmonious  development  of  the  mental 
and  moral  man.”  He  regarded  the  German  Real- 
schule  as  the  proper  model  to  follow.  Commercial 
specialisation  should  not  begin  till  after  16.  Dr. 
Stegemann  infomied  the  Congress  there  were  250 
commercial  schools  in  Germany,  of  Avhich  the  Saxon 
were  the  best.  M.  Vernon  complained  of  the 
undue  preponderance  in  the  Conference  of  pedagogues 
over  business  men.  M.  Pascolato  said  in  Italy  the 
technical  schools  Avere  much  appreciated  by  those 
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entering  commerce.  In  France,  according  to  M. 
Beugniot,  of  Paris,  both  the  State  and  the  “ free  ” 
educational  bodies  are  in  favour  of  intermediate 
commercial  schools. 

In  the  afternoon,  Mr.  Graham,  of  Wakefield,  gave 
an  account  of  commercial  education  in  the  West 
Riding  of  Yorkshire.  Mr.  J.  Brigg,  M.P.,  confirmed 
his  statement.  Mr.  Nixon,  of  Manchester,  explained 
what  the  neighbouring  county  of  Lancashire  Avas 
doing.  Details  of  the  Belgian  system  of  commercial 
education  for  women  were  given  by  Monsieur  Sobry. 
The  Norwegian  delegate  regretted  the  lack  of  special 
technical  instruction  in  Norway — a school  of  pisci- 
culture does,  however,  exist.  Hen*  Hirschhora  pro- 
tested against  undue  commercial  specialisation  in 
secondary  education.  Mr.  Jack  Sherman  said  that, 
in  America,  a boy  of  16,  after  receiving  a general 
education,  could  enter  a high  school  for  learning 
book-keeping,  or  a business  college  if  he  wished  to 
learn  the  practical  side  of  commerce,  but,  unfortu- 
nately, the  teaching  of  modem  languages  was  very 
defective.  M.  Cuisset  spoke  of  the  good  results 
in  modern  languages  obtained  by  the  evening  classes 
of  the  polyglot  ” clubs  in  Belgium.  Once  more 
Monsieur  Siegfried  summed  up  the  debate.  Secondary 
education  ought  to  remain  general,  but  special  schools 
of  commerce  may  exist  in  the  large  towns,  as  in 
France  and  Germany,  to  train  the  “privates”  and 
“ sous  officiers  ” of  the  army  of  commerce. 

On  Saturday  morning,  before  a sadly  thinned 
audience,  Mr.  Morant,  in  a powerful  speech,  begged 
the  representatives  of  other  countries  to  give  their 
English  confrh^es  the  full  benefit  of  their  experiences 
in  higher  commercial  education.  The  English  dele- 
gates were  more  or  less  favourably  disposed  towards 
the  idea,  but  there  Avere  many  points  of  detail  on 
which  they  required  information.  Should  the  school 
be  attached  to  a unRersity,  or  unattached  1 Should 
the  teachers  of  trade  subjects  be  merchants  or 
pedagogues  } Should  special  courses  of  study  be 
introduced  for  the  different  professions.^  This  straight- 
forward and  vigorous  speech  met  Avith  much  applause. 
The  answers  seemed  to  be  rather  in  favour  of  leaving 
the  school  as  free  as  possible,  and  of  giving  the 
teaching  of  certain  subjects  in  the  curriculum  to  men 
Avho  had  had  a business  training.  On  the  other 
point  the  Congress  Avas  divided.  M.  Heinzmann- 
Savino  gave  a clear  exposition  of  the  Antwerp 
Institute,  and  insisted  on  the  formation  of  a colonial 
section.  M.  Pierard  Avas  in  favour  of  creating  a 
course  of  “ shipping  ” in  the  AntAverp  school.  Only 
4 per  cent,  of  Belgian  merchandise  Avas  carried  in 
Belgian  bottoms.  M.  Pascolato  described  the  school 
of  Venice  founded  on  the  Ant Averp  model;  the  cur- 
riculum took  from  three  to  five  years,  according  to 
the  subjects  taken.  It  was  impossible  to  shorten  the 
curriculum  without  impairing  the  efficiency  of  the 
teaching. 

In  the  afternoon  the  Hungarian  delegate  gaA^e  an 
interesting  description  of  Hungarian  schools.  There 
are  84  ioAver  schools  of  commerce,  and  27  upper. 


along  with  18  technical  schools.  He  Avarned  the 
Congress  against  the  danger  of  too  great  uniformity. 

Proceedings  Avere  brought  to  a close  by  a vote  of 
thanks  to  the  Chairman,  proposed  by  M.  Pascolato, 
In  the  course  of  his  remarks  the  Italian  delegate 
imnted  the  Congress  to  come  next  year  to  Venice. 
The  “ A'enue  ” for  the  international  Congress  for 
1900  is  already  fixed.  It  Avill  necessarily  be,  like  all 
other  international  congresses  and  meetings,  at  the 
“ Avorld’s  Mecca,”  Paris. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Tuesdaa',  j\Iay  31 ...  International  Association  for  the 
Protection  of  Industrial  Property  (at  the  House 
of  the  Society  of  Arts),  ii  a.ni.  Congress. 
Reading  of  papers  and  discussions. 

Royal  Institution,  Albcniarle-street,  "W.,  3 pm. 
Prof.  S.  H.  Butcher,  “ Literary  Criticism  in 
Greece.”  (Lecture  I.) 

AVednesd.W’,  June  i ...  International  Association  for  the 
Protection  of  Industrial  Property  (at  the  House 
of  the  Society  of  Arts),  loj  a.m.  Congress. 
Reading  of  papers  and  discussions. 

United  Service  Institution,  Whitehall,  S.W.,  3 p.m. 
Rev.  AV.  K.  Bedford,  “ First  Siege  of  Rhodes, 
1480.” 

Archaeological  Association,  32,  Sackville-street,  AA'’., 
8 p.m. 

Obstetrical,  20,  Hanover- square,  AA^.,  8 p.m. 

Thursday,  June  2 ...  International  Association  for  the 
Protection  of  Industrial  Property  (at  the  House 
of  the  Society  of  Arts),  ioJ  a.m.  Congress. 
Reading  of  papers  and  discussions. 

United  Service  Instition,  AVhitehall,  S.AV.,  3 p.m. 
Dr.  J.  Macdonell,  “Recent  Changes  in  the  Rights 
of  Duties  of  Belligent  and  Neutrals  according  to 
International  Law.” 

Linnean,  Burlington-house,  AA^,  8 p.m.  i.  Prof.  St. 
George  Mivart,  “ Notes  on  some  Lories.”  2.  Air. 
E.  J.  Salmon,  “A  Revision  of  the  genus  Symble- 
pharis.”  3.  Surg.-Capt.  H.  A.  Cummins,  “ The 
Food  of  the  Uropoda.” 

Chemical,  Burlington-house,  W.,  8 p.m.  Alessrs. 
H.  J.  H.  Fenton  and  Alildred  Gostling,  “ The 
Action  of  Ether  on  Organic  Acids  and  on  Carbo- 
hydrates in  presence  of  Hydrogen  Bromide.” 

Royal  Institution,  Albemarle-street,  W.,  3 p.m. 
Dr.  E.  E.  Klein,  “ Alodern  Alethods  and  their 
Achievements  in  Bacteriology.”  (Lecture  I.) 

Friday,  June  3...Ro3ml  Institution,  Albemarle-street,  W., 
8 p.m.  Weekly  Aleeting.  9 p.m.  Prof.  A¥.  AI. 
Flinders  Petrie,  “ The  Development  of  the  Tomb 
in  Egypt.” 

Geologists’  Association,  University  College,  AV.C., 
8 p.m. 

Philological,  University  College,  AA’’.C.,  8 p.m. 

Quekett  Alicroscopical  Club,  20,  Han  over- square, 
W.C.,8p.m. 

Saturday,  June  4. ..Royal  Institution,  Albemarle-street  AV., 
3 p.m.  Dr.  R.  Caton,  “The  Temples  and  Ritual 
of  Asklepios  at  Epidamus  and  Athens.”  (Lec- 
ture I.) 


Erratum. — In  the  last  number  of  the  Journal 
(p.  60  [)  Mr.  Starley’s  initials  were  incorrectly  printed 
after  the  title  of  his  paper  as  W.  K.  instead  of  J.  K. 
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3)aurnal  of  tfte  Societa  of 

No.  2,376.  VoL.  XLVI. 


FRIDAY,  JUNE  3,  1898. 


All  eommuntcalions  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adel^hi,  London,  W.C. 


Notices. 


CONFERS  A ZIONE. . 

The  Society’s  Conversazione  will  take  place 
at  the  Natural  History  Museum,  Cromwell- 
road,  S.W.  (by  permission  of  the  Trustees  of 
the  British  Museum),  on  Wednesday,  22nd  June. 
The  reception  by  Major-General  Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.,  Chairman, 
and  the  other  members  of  the  Council  will 
commence  at  9 p.m. 

The  following  portions  of  the  Museum  will 
^ be  open  : — On  the  Ground  Floor — the  Central 
Hall,  British  Saloon,  and  Bird  Gallery ; on  the 
First  Floor — the  East  and  West  Corridors. 

A selection  of  music  will  be  performed  by 
the  Band  of  the  Royal  Marine  Light  Infantry 
in  the  Central  Hall,  and  by  the  Red  Hungarian 
Band  in  the  Bird  Gallery,  commencing  at 
9 o’clock. 

Each  member  is  entitled  to  a card  for  him- 
self (which  will  not  be  transferable),  and  a 
card  for  a lady.  In  addition  to  this,  a limited 
number  of  tickets  will  be  sold  to  members  of 
the  Society,  or  to  persons  introduced  by  a mem- 
ber, at  the  price  of  5s.  each,  if  purchased  before 
the  date  of  the  Conversazione.  On  that  day 
the  price  will  be  raised  to  7s.  6d. 

These  tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (which  can  be 
obtained  from  the  Secretary)  or  a letter  of 
introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman,  and  must  be  signed 
by  the  member  applying  for  it. 

Light  refreshments  (tea,  coffee,  ices,  claret 
cup,  &c.)  will  be  supplied. 


The  entrance  to  the  Museum  is  in  the 
Cromwell  - road,  carriages  must  enter  the 
grounds  by  the  east  gate  and  leave  by  the 
west  gate.  The  cards  must  be  given  up  on 
entering  the  Museum. 

Visitors  arriving  or  leaving  by  either  of  the 
Metropolitan  Railways  will  be  allowed  the  use 
of  the  District  Company’s  Subway,  which  leads 
from  the  South  Kensington  Railway  Station 
direct  into  the  grounds  of  the  Museum. 

Fuller  particulars  as  to  the  musical  and 
other  arrangements  will  be  given  in  the  Pro- 
grammes which  will  bo  distributed  on  the 
evening. 


EX  A MINA  TIO  NS. 

The  results  of  the  Examinations  held  at  the 
end  of  last  March  are  now  in  hand,  and  an 
advance  copy  will  be  sent  to  each  centre  of 
examination  in  the  course  of  next  week. 

The  dates  for  the  E.xaminations  in  1899  will 
be  Monday,  Tuesday,  Wednesday,  and  Thurs- 
day, March  13th,  14th,  15th,  and  i6th. 


CANTOR  LECTURES  ON  GUTTA 
PERCH  A. 

A few  extra  copies  of  the  Appendixes  to 
Dr.  Obach’s  Cantor  lectures  on  “ Gutta 
Percha  ” have  been  printed.  These  consist 
of  some  additional  tables,  &;c.,  which  were 
not  printed  in  the  Journal.  A copy  will  be 
sent,  on  application,  to  any  member  of  the 
Society  who  desires  to  bind  it  up  with  his 
volume  of  the  Journal. 


Proceedings  of  the  Society, 

• 4 

INDIAN  SECTION. 

Thursday  afternoon.  May  19,  1898  ; Henry 
M.  Stanley,  M.P.,  in  the  chair. 

The  paper  read  was— 

COLONIES  AND  CHARTERED 
COMPANIES. 

By  Sir  Alfred  C.  Lyall,  G.C.I.E.,  K.C.B., 

Member  of  the  Council  of  India. 

I have  joined  together  colonies  and  com- 
panies as  the  subject  of  my  address  to  you  to- 
day because  they  are  two  forms  of  association 
that  have  sprung  from  the  same  root,  and  have 
always  been  more  or  less  connected  in  their 
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development.  Almost  all  our  original  colonies 
in  North  America  were  chartered  companies  ; 
and  the  style  and  substance  of  the  charters 
granted  in  the  i6th  century  by  Elizabeth  differ 
very  little  from  the  charters  granted  in  the 
19th  century  by  Victoria.  When,  about  twelve 
years  ago,  the  French  Government  desired  from 
their  Ambassador  in  London  a report  on  the 
constitution  of  the  great  English  companies 
formed  for  taking  up  lands  in  Africa  and  else- 
where, M.  Waddington  replied: — “The  clauses 
in  the  English  charters  of  to-day  are  exactly 
those  which  are  to  be  found  in  the  charters  of 
the  Middle  Ages.”  The  history  of  these  asso- 
ciations shows  how  much  could  be  done  by 
private  effort,  when  that  effort  is  judiciously 
backed  by  the  State — that  is,  when  private 
enterprise  receives  public  sanction.  There  are 
some  things  which  a Government  cannot  do 
officially,  and  which  are  best  accomplished 
when  the  people  take  the  lead,  while  the  State 
lends  its  support,  remaining  in  the  background 
until  it  is  required  to  interfere.  Colonisation 
is  certainly  one  of  those  things.  Commerce  is 
another ; and  the  system  of  companies  has 
been  largely  employed  both  in  the  foundation 
of  our  colonies  and  in  the  spread  of  our  foreign 
commerce.  It  has  also  been  used  with  great 
success  as  an  instrument  of  conquest,  but  this 
was  because  the  companies  soon  found  it 
necessary  to  occupy  territory  in  order  to  secure 
their  trade. 

When  I speak  of  companies,  I mean  the 
banding  together  of  men  who  subscribe  their 
money  for  the  work  of  private  adventure  in 
distant  lands,  and  who  for  that  purpose  receive 
from  their  Government  a charter,  investing 
them  with  certain  self-governing  powers,  with 
the  right  to  make  laws  and  ordinances,  to 
make  treaties  with  the  natives  with  whom  they 
have  to  deal,  to  acquire  territory,  and  some- 
times to  monopolise  the  trade  with  certain 
countries.  All  the  earliest  English  companies 
were  founded  upon  a desire  to  secure  the 
profits  of  trade.  So  far  as  I can  make  out,  the 
first  associations  of  merchants  for  foreign  trade 
were  developed  out  of  the  old  English  trade 
guilds  that  were  formed  for  regulating  local 
industries.  They  were  companies  of  merchant 
adventurers  for  conducting,  under  the  King’s 
charter,  the  exchange  of  goods  between 
England  and  the  Continent,  principally  with 
Holland  and  Germany  — their  headquarters 
were  at  home,  and  they  had  privileged  settle- 
ments in  the  cities  abroad.  Afterwards,  as 
our  trade  began  to  cross  the  ocean,  came  the 
rich  and  powerful  chartered  companies,  who 


established  themselves  in  Asia,  Africa,  and 
America.  And  since  commerce  is  older  with 
our  nation  than  colonisation  beyond  sea,  be- 
cause men  went  out  to  trade  with  distant  lands 
long  before  they  went  out  to  settle ; so  the 
Chartered  Mercantile  Association  is  the  oldest 
form  of  the  chartered  company.  The  chartered 
association  for  colonising  purposes  came  later; 
but  in  both  cases  the  substance  of  charter  was 
the  same.  In  both  cases,  also,  one  main 
object  was  to  open  out  fresh  markets,  whether 
by  trading  settlements  on  the  sea  coast,  as  in 
Asia  and  Africa,  or  by  developing  wild  and 
unexplored  tracts,  as  in  North  America. 

The  first  attempts,  therefore,  of  Englishmen 
to  push  their  trade  beyond  Europe  into  non- 
Christian  lands,  were  made  by  the  means  and 
under  the  form  of  a chartered  company.  What 
was  it  that  sent  Englishmen  roving  abroad  in 
the  1 6th  century?  I think  that  a few  very 
broad  historical  reasons  may  be  given.  In  the 
first  place  we  have  to  remember  that  for  three 
centuries  after  the  Norman  Conquest  (in  1066) 
England  was  a Continental  power ; she  had 
very  great  possessions  in  France.  The  first 
Plantagenet  kings  ruled  over  at  least  a third  part 
of  what  was  afterwards  the  French  kingdom  ; 
and  it  is  often  now  forgotten  that  for  300  years 
Bordeaux,  with  all  the  surrounding  country, 
far  inland,  was  an  English  province.  So  long 
as  England  and  most  of  Western  France  were 
under  one  rulership,  the  two  coasts  and  the 
commerce  between  them  were  virtually  under 
the  same  Government;  and,  for  a hundred 
years,  our  French  wars  provided  ample  out- 
let for  the  adventurous  spirit  of  Englishmen. 
By  the  year  1450,  however,  we  had  lost  all  our 
French  possessions,  except  Calais,  which  we 
kept  for  one  hundred  years,  and  the  Channel 
Islands,  which  we  still  hold,  or — as  the 
Jersey  men  say — which  still  hold  England. 
After  1450  there  began  a period,  I may  put  it 
roughly  at  about  100  years,  when  the  English 
were  confined  strictly  to  their  own  country, 
which  was  distracted  by  civil  wars  up  to  the  end 
of  the  15th  century.  Throughout  this  period, 
Scotland  was  an  independent  kingdom — in 
Ireland  the  crown’s  authority  was  for  the  most 
part  nominal.  Queen  Elizabeth’s  real  dominion 
was  over  no  more  than  England  and  Wales. 
The  frontier  of  the  British  Empire  is  now  in 
Asia,  Africa,  and  America  ; 300  years  ago  it 
w'as  on  the  Scottish  border.  Our  little  wars 
now  go  on  in  South  Africa  and  beyond  the 
Himalayas ; in  Elizabeth’s  time  they  were 
waged  beyond  Berwick  and  Carlisle.  We  are 
now  pushing  up  the  Nile  and  Niger  rivers  in 


June  3,  i89«.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


635 


Africa,  up  the  Indus  and  the  Irrawaddy  rivers 
in  Asia ; in  Elizabeth’s  time  it  needed  an  armed 
expedition  to  cross  the  Tweed,  or  else  we  had 
a foray  among  the  wild  folk  in  Ulster  and 
Kerry.  But  all  through  the  i6th  century  the 
English  people  were  growing  in  wealth  and 
power  under  the  strong  rule  of  Tudor  kings, 
and  they  were  beginning  to  find  England  too 
small  for  them  to  live  in,  and  so  during  the 
reign  of  our  great  Queen  Elizabeth  the  English 
took  to  distant  commerce  and  the  founding  of 
colonies.  America  had  been  discovered,  full 
of  gold  and  silver  ; the  Portuguese  had  shown 
us  the  way  to  the  East  Indies  round  the 
Cape. 

Before  Vasco  da  Gama  rounded  the  Cape 
the  commerce  between  Europe  and  Asia  had 
been  in  the  hands  of  the  Mediterranean  cities, 
Alexandria,  Constantinople,  Venice,  Genoa ; 
but  when  the  long  sea  route  was  discovered,  it 
passed  to  the  nations  on  the  Atlantic  seaboard, 
and  when  the  discovery  of  America  forced  the 
bolder  mariners  to  strike  out  westward  across 
the  wide  ocean,  instead  of  coasting  about  the 
narrow  seas,  a great  revolution  in  shipbuilding 
took  place.  Spain  and  Portugal  were  first  in 
the  field.  The  Pope  had  divided  the  whole  of 
the  non-Christian  world  between  the  Spanish 
and  Portuguese  kings,  allotting,  roughly, 
all  America  to  Spain,  and  nearly  all  the 
East  Indies  to  Portugal,  an  arrangement 
which  did  not  suit  us  at  all.  So  in  the  i6th 
century,  when  the  English  and  Dutch  had 
quarrelled  with  Spain  and  with  the  Pope,  and 
turned  good  Protestants,  both  nations  began 
to  push  eastw^ard  and  westward,  seeking  their 
fortunes  in  the  East  and  West  Indies,  in  Asia 
and  America.  It  was  essential  to  success,  in 
the  first  place,  to  break  the  immense  naval 
power  of  Spain,  for  there  is  no  trading  to  be 
done  on  the  sea  in  the  face  of  hostile  naval 
supremacy,  and  this  was  done  by  the  destruc- 
tion of  the  Spanish  Armada  in  1588.  The 
second  thing  w^as  to  form  companies  strong 
enough  to  defend  themselves  along  the  shores 
and  in  the  ports  of  the  far-off  countries  whither 
we  went  to  trade,  where  a sharp  struggle  for 
valuable  commerce  was  going  on.  And  so 
Queen  Elizabeth  gave  her  charters  to  several 
companies,  some  of  whom  w^ent  westward  for 
land  to  colonise  in  America,  where  the  State 
of  Virginia  w^as  founded  ; while  others  went 
eastward,  to  Asia  and  the  Spice  Islands,  for 
commerce  ; and  of  these  commercial  com- 
panies the  most  famous  and  fortunate  has 
been  the  East  India  Company,  founded  in 
1600.  In  1602  the  Universal  East  India 


Company  was  established  in  Holland,  with 
exclusive  privileges  of  trading  east  of  the 
Cape,  with  a great  capital  subscribed  by  all 
the  provinces,  w'ith  full  pow’er  to  make  peace 
and  w^ar,  and  to  levy  troops. 

The  beginning  of  the  17th  century  may  be 
taken  to  be  the  epoch  when  the  great  rivalry 
among  the  maritime  nations  of  Western  Europe, 
for  trade  and  territory,  arose  in  earnest ; and 
this  century  witnessed  the  greatest  expansion 
of  the  chartered  companies.  It  might  almost 
be  asserted  that  the  commerce  and  the  coasts 
of  half  the  world,  with  immense  tracts  of 
what  would  now  be  called  the  hinterlands, 
were  parcelled  out  into  grants  made  to  com- 
panies by  the  French,  the  Dutch,  and  the 
English,  who  w'ere  all  inspired  by  fear  and 
jealousy  of  the  overgrown  Spanish  empire, 
and  by  a determination  to  break  dowm  its 
monopoly.  The  first  great  companies  had,  as 
we  have  seen,  gone  eastward  for  trade.  Other 
companies  now  followed,  who  w'ent  westward, 
to  America,  for  territory ; and  each  company 
obtained  from  its  own  national  Government  vast 
tracts  of  land  and  monopolies  of  trade  which 
had  often  been  already  granted  to  a rival. 
James  I.  chartered  two  companies,  to  whom 
he  allotted  the  greater  part  of  the  eastern  coast 
of  North  America.  Richelieu,  the  celebrated 
Prime  Minister  of  France,  founded  a number 
of  privileged  companies,  allotting  to  one—  the 
Compagnie  de  la  Nouvelle  France — the  whole 
littoral  of  North  America  from  Florida  north- 
w^ard  to  the  Arctic  sea.  These  American 
companies  were,  as  I have  said,  associations 
for  taking  possession  of  large  tracts  of  land, 
for  making  what  the  English  called  planta- 
tions, the  settling  of  colonists,  and  the  open- 
ing out  of  savage  countries  ; and  in  North 
America  these  settlements  gradually  developed 
out  of  privileged  companies  into  self-governing 
English  colonies.  The  chartered  companies 
that  continued  to  flourish  in  their  original 
form  were  the  great  corporations,  w’ith  their 
capital  and  headquarters  in  London,  Paris,  and 
Amsterdam,  that  were  organised  for  the  pur- 
pose of  acquiring,  not  territory,  but  trade  with 
countries  already  thickly  populated  as  in  Asia, 
and  it  w^as,  therefore,  in  Asia  that  the  keen 
contest  betw^een  the  rival  commercial  nations 
went  on.  During  the  greater  part  of  the  17th 
century,  this  contest  for  the  trade  of  the  East 
Indies  was  carried  on  between  the  Dutch, 
English,  and  Portuguese  ; and  when  the  Portu- 
guese gave  way  the  French  took  their  place,  for 
in  1664  Colbert  had  launched  the  celebrated 
French  East  India  Company,  which  ran  the 
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English  very  hard  for  nearly  a hundred  years 
in  the  East  Indies. 

We  have  to  remember  that  at  this  period, 
the  17th  century,  the  common  right  of  all 
nations  to  trade  peacefully  with  other  coun- 
tries, which  is  now  generally  admitted,  at 
least  in  theory  if  not  in  practice,  was  then 
generally  denied  both  in  practice  and  policy. 
Common  rights  among  the  nations  on  the  sea 
or  in  the  sea-ports  were  no  more  recognised 
than  common  rights  on  the  land,  for  trade  was 
more  valuable  than  territory.  Each  country 
was  striving  to  seize  and  appropriate  the 
largest  possible  share  of  any  profitable  com- 
merce in  Asia  or  America ; they  were  all 
contending  for  masterful  and  exclusive  pos- 
session ; they  were  fiercely  attacking  every 
intruder  on  their  trading  ground,  just  as  if  he 
were  an  invader  of  their  territory.  There  were 
no  consuls  and  ambassadors  in  the  outlying 
countries,  and  no  Governments  there  who  had 
both  the  will  and  the  power  to  keep  order 
among  the  foreigners.  Consequently,  all 
traders  went  armed,  for  the  jealousies  among 
them  were  fierce  and  unrestrained  by  any 
public  authority.  Neither  Dutch,  Spaniard, 
nor  Portuguese  was  likely  to  think  twice  about 
sinking  a ship  or  even  drowning  a crew  whom 
they  found  poaching  along  shores  which  they 
had  taken  as  their  own  commercial  preserves, 
and  where  they  claimed  monopoly  of  trade. 
So  the  ships  had  to  be  ready  for  fighting  at 
sea,  while  on  land  every  trading  station  had  to 
be  armed  and  fortified.  Clearly,  it  was  only  a 
company,  supported  by  the  State  with  great 
trading  privileges,  that  could  provide  the 
money,  exert  the  strength,  and  persist  in  the 
efforts  that  were  necessary  in  those  days  of 
sheer  fighting  for  the  great  markets  in  un- 
civilised and  remote  countries. 

A single  ship,  or  a weak  party  of  traders, 
would  be  always  liable  to  be  taken  or  crushed ; 
a small  trading  settlement  in  a sea-port  was 
likely  to  be  worried  and  plundered  by  some 
native  chief  or  governor,  while  the  rival 
European  traders  would  certainly  spare  no 
pains  to  ruin  its  business.  Out  of  these  needs 
and  circumstances  arose  the  great  companies, 
not  only  in  England,  but  also  in  France  and 
Holland.  The  Spaniards  and  Portuguese  did 
not  work  by  companies  ; their  trade  was  mostly 
a monopoly  of  Government,  and  these  Govern- 
ments were  bent  more  on  territorial  conquest — as 
in  America — than  on  commerce,  mainly  because 
they  wanted  the  gold  and  silver  mines.  But 
the  Englishmen  and  Hollanders  worked  on  a 
different  system ; they  relied,  first  and  fore- 


most, on  the  wealth  and  energies  of  a large 
seafaring  and  trading  population,  directed  by 
companies ; and  what  they  asked  from  their 
Government  was  a charter  to  give  them 
authority,  and  good  backing  and  support 
whenever  they  got  into  serious  trouble  with 
other  European  adventurers. 

Before  the  middle  of  the  17th  century,  the 
sea  power  of  Spain  and  Portugal  was  pretty 
well  broken  down  ; they  kept  their  colonies, 
but  they  had  lost  their  commerce.  By  the  end 
of  that  century,  the  struggle  for  the  trade 
between  Europe  and  Asia,  the  richest  in  the 
world,  was  becoming  a war  among  the  com- 
panies of  the  three  northern  maritime  nations 
— England,  France,  and  Holland.  You  will 
easily  perceive  that  a company,  invested  by 
the  State  with  considerable  powers  of  adminis- 
tration, of  making  peace  and  war  and  treaties, 
and  acquiring  possessions,  was  a very  con- 
venient device  whereby  the  Government  at 
home  escaped  the  responsibility  for  the  rough 
and  read}'’  ways  of  the  fighting  traders.  It  was 
presented  with  a valuable  monopoly,  left  to  its 
own  devices,  to  sink  or  swim,  as  the  case 
might  be — if  it  succeeded,  the  Government 
demanded  a share  of  the  profits  ; if  it  got  into 
scrapes,  the  company  had  to  get  out  as  it 
could.  The  State  was  a kind  of  sleeping 
partner  in  the  concern,  only  waking  up  to  lend 
a hand  if  the  general  political  interests  of  the 
nation  seemed  likely  to  be  compromised.  And 
so  the  companies  carried  on  a kind  of  private 
war  among  themselves,  in  which  the  Govern- 
ment only  interfered  when  they  could  not  help 
doing  so.  The  extent  to  which  this  kind  of 
private  or  unofficial  war  was  carried  on  by 
companies  and  colonies  is  almost  forgotten 
now  in  these  days  of  international  law,  of 
diplomatists,  and  of  quick  intelligence  sent  to 
headquarters  by  wire  from  the  uttermost  parts 
of  the  earth.  But  if  in  the  old  days  our 
merchants  and  ships’  captains  had  been 
obliged  to  refer  home  for  remedy  of  grievances 
or  settlement  of  disputes  with  the  Dutch  or 
the  French  or  the  Spaniard  in  Asia  or 
America,  they  would  very  soon  have  lost  all 
their  trade  and  all  their  footing  on  the  coasts. 
They  did  no  such  thing  in  the  17th  or  i8th 
century ; they  took  to  their  own  weapons,  and 
their  fighting  was  often  on  a considerable 
scale.  In  1622,  for  instance,  when  Portugal 
and  England  were  at  peace  in  Europe,  there 
was  bitter  war  in  the  Indian  Ocean  between 
the  Portuguese  and  the  English  East  India 
Company.  The  quarrel  just  then  was  over  i 
the  trade  in  the  Persian  Gulf,  and  the  English  ' 
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company  fitted  out  a small  fleet  in  their 
Indian  ports,  obtained  the  aid  of  the  Persians, 
attacked  the  Portuguese  on  the  island  of 
Hormuz,  fought  a naval  action  with  the 
Portuguese  fleet,  took  the  fortress,  razed  it 
to  the  ground,  and  deported  the  whole 
garrison.  You  might  have  supposed  that 
when  the  news  got  home  the  English  Govern- 
ment would  have  been  seriously  scandalised, 
but  all  that  stands  on  record  is  that  James  I. 
and  his  Lord  High  Admiral,  the  Duke  of 
Buckingham,  exacted  large  sums  from  the 
company  as  a royal  perquisite  or  share  of 
the  plunder  that  the  company  was  believed 
(wrongly)  to  have  got  out  of  the  business. 
Of  the  vehement  complaints  of  the  Portuguese 
Government  they  took  no  notice  at  all.  Then 
about  the  same  time  the  Indian  records  con- 
tain news  of  a “ bloody  encounter  between 
eleven  of  our  best  ships  and  seventeen  of 
the  Dutch,”  while  on  the  other  hand  we 
know  that  at  the  island  of  Amboyna  the 
Dutch  cruelly  murdered  several  of  the  India 
Company’s  merchants. 

I hope  you  are  beginning  to  see  that  the 
notion  of  commerce  being^a  peaceful  profession 
is  a curious  modern  fallacy,  quite  opposed  to 
all  historical  fact.  When  the  traders  had  to 
take  care  of  themselves,  they  fought  on  their 
own  score  and  venture,  as  armed  companies, 
with  troops  and  fleets.  Afterwards,  when  the 
Governments  stepped  in  to  help  their  respec- 
tive companies,  the  wars  became  national. 
Throughout  the  i8th  century  almost  every 
war  in  which  England  engaged  was  about 
commerce  or  colonies,  and  at  the  present 
moment  every  dispute  and  misunderstanding 
between  us  and  other  nations  is  either  com- 
mercial or  colonial.  But  200  years  ago  com- 
merce was  a kind  of  private  war ; a rough  and 
dangerous  business,  requiring  not  only  the 
exchange  of  hard  money,  but  also  of  hard 
blows.* 

I am  laying  some  stress  upon  the  war  of 
companies  in  the  East,  because  of  the  vast 
importance  of  the  results  of  all  this  struggle. 
In  the  first  place,  the  seaborne  trade  between 
Europe  and  Asia  has  from  the  earliest  times 
been  the  most  profitable  of  all  trades ; it  has 
made  the  fortune  of  every  city  or  nation  that 
has  successively  engaged  in  it  ; it  was  far 
more  important  in  the  17th  century  than  now, 

* “ He  that  shall  call  to  mind  what  strange  effects  sudden 
and  resolute  enterprises  have  brought  to  pass  in  India  and 
this  part  of  the  world,  will  never  conclude  that  either  the 
Portugal  or  the  Fleming  hath  attained  their  footing  in  these 
parts  with  manners  or  shilly-shallie,  as  the  world  doth  truly 
take  notice.”  1620.  Thomas  Batten,  Land  Captain. 


when  the  trade  with  America  and  the  Colonies 
has  become  so  great.  Secondly,  it  was  a 
seaborne  trade,  carried  on  along  the  wide 
ocean  waterways  that  were  open  to  all  people, 
so  that  there  was  nothing  to  prevent  rivals 
jostling  each  other,  quarrelling,  and  crushing 
each  other  if  they  could.  You  can  see  at  once 
that  out  of  this  state  of  things  came  the 
beginning  and  the  growth  of  our  English 
navy;  fora  seaborne  commerce  cannot  flourish 
without  a navy  to  protect  it ; just  as  a great 
navy  must  rely  for  its  support  and  recruitment 
on  the  hardy  maritime  population  that  is  bred 
by  the  merchant  shipping  trade.  The  warships 
guard  the  trade,  and  the  trading  vessels  feed 
the  warships — for  trade  is  the  nursery  of 
mariners.  Three  hundred  years  ago,  in  the 
days  of  Queen  Elizabeth,  Lord  Chancellor 
Bacon  wrote  that  “ the  vantage  of  strength  at 
sea  is  one  of  the  principal  dowries  of  this 
kingdom  of  Great  Britain,  because,”  he  says, 
among  other  reasons,  “ the  wealth  of  both  the 
Indies  (East  and  West)  seems  in  great  part 
but  an  accessory  to  the  command  of  the  sea.” 
What  he  in  part  foresaw,  did  actually  happen 
two  centuries  later — the  sea  vantage  gave 
England  immense  territories  and  commercial 
wealth  both  in  Asia  and  America. 

I have  said  that  towards  the  end  of  the  17th 
century,  the  Spanish  and  Portuguese,  who  had 
made  the  first  start,  both  in  the  East  and  West 
Indies,  had  been  distanced  by  the  English  and 
Dutch.  The  struggle  east  and  west  now  lay 
between  the  companies  of  the  three  northern 
nations — England,  France,  and  Holland.  The 
great  French  monarch,  Louis  XIV.,  had 
launched  two  powerful  companies  in  1664,  for 
both  East  and  West  Indies.  All  along  the 
coasts  and  the  islands  of  the  East  Indies,  on 
the  shores  of  India,  in  Java,  and  the  islands, 
the  two  East  India  Companies  of  Holland  and 
England  were  contending  for  trade  and  trading 
settlements.  The  Cape  of  Good  Hope  had 
been  taken  by  the  Dutch  East  India  Company 
in  1651.  In  North  America  the  best  part  of 
the  Atlantic  sea-board  had  been  occupied  by 
England;  and  in  1670,  Charles  II.  gave  to 
Prince  Rupert  and  the  Hudson  Bay  Company 
a charter  declaring  them  sole  proprietors  of  all 
that  vast  region  which  stretches  across  the 
extreme  north  of  America  from  Lake  Superior 
to  the  Rocky  Mountains,  with  the  sole  right  of 
trade  in  the  furs  and  other  produce  of  a terri- 
tory as  large  as  Europe.  It  may  be  necessary 
to  explain  that  in  those  days  the  term  “Indies” 
bore  an  exceedingly  wide  geographical  sig- 
nificance in  both  hemispheres.  Under  the 
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g-eneral  denomination  of  the  East  Indies  were 
included  all  the  coasts  of  Southern  Asia,  from 
the  Persian  Gulf  to  China,  Malacca,  Borneo, 
Java,  and  all  the  rich  spice  islands  of  the 
China  Sea.  By  the  West  Indies  were  meant 
not  only  the  islands  now  known  under  the 
name,  but  the  whole  eastern  coast  of  North 
and  Central  America,  and  even  the  interior  as 
far  as  it  had  been  explored.  No  ship  could 
double  the  Cape  of  Good  Hope  without  coming 
within  the  trading  sphere  of  the  East  India 
Companies  ; while  to  cross  the  Atlantic  was  to 
trespass  on  some  West  Indian  monopoly.  It 
is  not  too  much  to  say  that  the  great  companies 
of  the  17th  century  were  the  champions  and 
delegated  agents  of  their  respective  nations  in 
the  competition  for  commerce  and  territory 
throughout  the  whole  non-Christian  world. 

I have  now  reached  this  point.  If  we  look 
round  upon  what  was  going  on  in  the  world 
outside  Europe  during  the  17th  century,  1600- 
1700,  we  see  the  maritime  European  nations 
crossing  the  great  oceans,  eastward  and  west- 
ward, and  closing  up  into  determined  contest 
for  trade  and  dominion,  in  Asia  and  in  America. 
In  South  Asia  the  chartered  companies  led  the 
van  ; in  North  America  the  colonising  emigra- 
tion. You  will  remember  that  all  the  com- 
panies were  by  this  time  set  upon  acquiring 
not  only  trade  but  territory.  The  French  com- 
panies were  formed  to  acquire  lands ; the 
English  company  in  India  began  about  this 
time  to  follow  the  same  plan  ; and  the  Dutch 
had  always  founded  their  commerce  upon  the 
principle  of  seizing  the  best  positions.  The 
Dutch  were,  in  fact,  all  through  the  17th 
century  our  most  formidable  rivals  by  sea. 
But  the  long  wars  on  the  continent  of  Europe 
were  rapidly  enfeebling  Holland  at  home, 
and  we  had  been  fighting  the  Dutch  by 
sea,  with  the  consequence  that  just  as  the 
Spanish  naval  power  had  been  broken  at  the 
end  of  the  i6th  century,  so  the  Dutch  naval 
forces  were  cut  down  and  greatly  reduced  at 
the  end  of  the  17th  century.  And  thus  at  the 
end  of  the  17th  century,  France  and  England 
stood  alone  in  the  forefront  of  the  adventurous 
and  trading  nations,  having  distanced  all 
other  competitors. 

The  transmarine  possessions  of  France  were 
at  this  epoch  larger  and  more  important  than 
those  of  England,  and  Spain  held  a vast 
dominion  in  America.  One  of  the  chief 
motives  that  caused  England  to  declare  war 
against  Louis  XIV.  in  1701  was  the  fear  lest, 
if  a French  king  succeeded  to  the  Spanish 
throne,  the  combined  power  of  France  and 


Spain  would  crush  English  commerce  and 
colonies.  But  the  great  war  between  1701  and 
1713,  checked  the  growth  of  colonial  France. 
It  began  to  thrive  again,  however,  during  the 
following  thirty  years  of  peace.  By  the  middle 
of  that  century,  say  150  years  ago,  not  only  the 
commercial,  but  the  colonial  rivalry  of  these 
two  powerful  maritime  States,  France  and 
England,  had  reached  its  climax  in  Asia  and 
America.  In  Asia  the  fight  was  between  com- 
panies, in  America  between  colonies. 

I will  follow  out  the  fortunes  of  the  French 
and  English  companies  in  Asia,  before  turning 
to  colonial  questions.  In  1744,  when  England 
and  France  went  to  war,  the  French  and  English 
companies  began  fighting  on  the  Indian 
coast  ; but  it  ended  in  1749,  leaving  both 
parties  as  they  were,  except  that  the  war  had 
given  to  both  of  them  a taste  for  warlike 
operations,  and  had  inspired  the  French  with 
ambitious  ideas  of  setting  up  a dominion  in 
India.  At  that  time  the  English  wanted  to 
stick  to  their  trade,  and  it  was  entirely  the 
governor  of  the  French  company,  Dupleix,  who 
first  took  up  plans  for  acquiring  possessions 
on  the  Indian  mainland.  With  these  ideas 
of  war  and  dominion  in  their  heads,  the  two 
companies  very  soon  came  again  to  blows  ; 
for  each  of  them  now  kept  up  a small  army, 
and  the  neighbouring  Indian  princes  were 
constantly  asking  these  armies  to  help  them 
in  their  own  wars.  These  princes  had  dis- 
covered the  weight  of  European  metal  on  a 
battlefield,  and  were  quite  ready  to  pay  hand- 
somely for  a temporary  loan  of  the  companies’ 
troops.  The  result  was  that  both  companies 
got  mixed  up  in  the  quarrels  of  the  native 
chiefs,  and  carried  on  a brisk  non-official  war 
for  about  two  years,  while  England  and  France 
were  at  peace  in  Europe.  While  their  troops 
exchanged  volleys  in  the  field,  the  two  com- 
panies exchanged  bitter  reproaches  and  fired 
off  angry  letters  at  each  other  from  their 
respective  headquarters,  accusing  each  other 
of  scandalous  behaviour,  and  each  writing 
home  to  implore  its  respective  Government  to 
interfere  against  the  other’s  utter  disregard  of 
the  most  ordinary  morality.  This  went  on  tili 
the  quarrel  grew  so  hot,  and  so  much  money 
was  spent  in  fighting  instead  of  trading,  that 
the  Governments  at  home  were  obliged  to 
interfere,  and  to  patch  up  a reconciliation, 
and  so,  after  two  or  three  years’  scuffling 
and  skirmishing  in  Southern  India,  a peace 
was  made  between  the  French  and  English 
companies. 

After  this  there  was  a kind  of  truce  in  India 
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for  about  four  years,  during  which  time  the 
French  and  English  companies  were  facing 
each  other  sulkily  and  suspiciously.  Then  in 
1756,  broke  out  the  famous  Seven  Years’  War 
in  Europe,  which  was  caused,  so  far  as  France 
and  England  were  concerned,  by  the  quarrels 
between  the  French  and  English  colonists  in 
North  America,  and  this  kindled  again  the 
smouldering  hostility  between  French  and 
English  companies  in  South  India.  The  re- 
sult of  that  war  was  that  the  French  lost  all 
their  colonies  in  America  and  all  their  posses- 
sions in  India,  excepting  two  or  three  small 
towns  on  the  Indian  sea  coast,  which  they 
still  hold.  This  you  will  understand  was  a 
national  war,  not  a company  war;  and  it 
ruined  the  French  East  India  Company.  One 
reason  of  its  downfall  was  that  in  France  the 
East  India  Company  was  a much  weaker 
institution  than  in  England  ; it  was  badly 
managed,  it  got  into  heavy  debt,  and  it  relied 
far  too  much  on  the  financial  assistance  of  the 
Government ; it  was  propped  up  by  State  loans 
and  various  privileges  and  monopolies  ; it  sub- 
sisted on  grants  in  aid  from  the  Treasury,  and 
in  consequence  the  Government  officials  were 
always  interfering  in  the  management.  The 
French  company  was  heavily  in  debt  to  the 
Government,  while  in  England  the  Govern- 
ment was  in  debt  to  the  company.  The  French 
company  was  poor  and  had  to  borrow  money 
from  the  French  Treasury ; the  English  com- 
pany was  rich  and  lent  money  to  the  English 
Treasury.  For  with  us  the  East  India  Com- 
pany’s business  was  managed  independently 
by  great  merchants  with  a long  experi- 
ence of  Asiatic  affairs,  with  a strong  parlia- 
mentary connection,  and  a large  reserve  of 
capital.  And  all  this  superior  wealth  and 
energy  were  brought  into  full  play  by  the 
vigour  of  our  free  parliamentary  system,  which 
understood  and  actively  pushed  forward  the 
real  interests  of  the  country,  whereas  the 
French  were  under  a despotic  and  inferior  set 
of  ministers,  with  a bad  king  (Louis  XV.),  who 
was  under  the  influence  of  his  mistresses.  It 
was  the  ministers  and  the  mistresses  that 
ruined  French  administration.  These  were 
the  immediate  causes  that  reduced  the  French 
East  India  Company  to  total  insolvency.  But 
at  bottom  of  all  lay  the  real  reason  why  the 
French  were  driven  out  of  India,  and  this  is 
that  the  English  were  strongest  at  sea. 

It  must  be  quite  obvious  to  all  who  carefully 
survey  the  situation  that  when  two  great 
nations  carry  on  a war  in  a distant  country, 
which  can  be  only  reached  by  a long  sea 
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voyage,  that  nation  w’hich  has  the  superior 
navy  can  break  the  communications  of  its 
enemy,  can  cut  off  his  supplies  and  reinforce- 
ments, and  can  starve  him  out.  Now,  in  the 
Seven  Years’  War  the  English  were  far  stronger 
in  warships  than  the  French  ; they  swept  the 
Frenchmen  out  of  all  the  seas,  and  blockaded 
the  whole  Indian  coast,  so  that  the  forts  and 
the  garrisons  gradually  became  weaker,  and 
surrendered  one  by  one.  By  1763,  the  French 
dominion  in  India  was  completely  suppressed, 
and,  by  1770,  their  company  went  bankrupt. 
This  left  the  East  India  Company  master  of 
the  situation,  and  laid  the  foundation  of  the 
British  Empire  in  India.  The  remaining 
history  of  the  company  is  neither  more  nor  less 
than  the  history  of  the  rise  of  the  British 
Empire  in  India.  And  when,  in  1858,  India 
passed  from  the  company  to  the  Crown,  the 
greatest  of  all  the  old  privileged  companies 
became  finally  extinct. 

Having  traced  out  rapidly  the  marvellous 
expansion  of  a chartered  company  in  Asia, 
I must  now  refer  briefly  to  the  very  different 
course  taken  by  the  development  of  the  old 
chartered  companies  in  North  America, 
where  they  became  transformed  into  self- 
governing  Crown  colonies.  You  will  recollect 
that  the  English  first  occupied  North  America 
by  the  agency  of  proprietary  bodies,  whose 
charters  were  substantially  the  same  as 
those  granted  to  commercial  associations. 
At  the  end  of  the  i8th  century,  the  East  India 
Company  was  ruling  Bengal  by  the  authority 
of  a Royal  Charter  precisely  similar  to  that 
under  which  a governor  and  company  had 
taken  possession,  a century  or  more  earlier, 
of  Massachusetts.* 

What  caused  associations  so  similar  in 
origin  to  follow  such  divergent  lines  of  de- 
velopment was  that  their  circumstances  and 
objects  were  different.  The  business  of  the 
American  adventurers  was  not  commerce,  but 
the  settlement  and  cultivation  of  land.  Ex- 
cepting only  the  great  Hudson  Bay  Company, 
they  were  mainly  agents  for  emigration.  You 
will  easily  understand  that  whereas  a trading 
company  naturally  seeks  to  deal  with  populous 
and  productive  countries,  which  have  much  to 


* “ The  united  proprietary  representative  sovereignty  of 
the  lands  of  Bengal  is  virtually  in  right,  possession,  fact,  and 
relative  circumstances,  but  on  a large  imperial  scale,  almost 
precisely  what  private  territorial  property  was  in  some  pro- 
vinces of  North  America,  with  respect  to  local  or  more 
extensive  national  interests  of  the  high  ruling  protective 
State  of  Great  Britain,  and  differing  only  in  the  descriptive 
terms  of  conquered  and  colonised  dependencies.” — Grant's 
A nalysis. 
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sell  and  more  to  buy,  like  India  and  China, 
what  a colonising-  company  wants  is  just  the 
reverse,  for  the  colonist  is  looking  for  some 
unoccupied  or  scantily-peopled  country,  where 
there  is  plenty  of  fresh  land  available.  He 
goes  to  settle  and  cultivate,  not  to  barter  goods 
and  bring  back  his  profit.  A true  colony  in 
the  English,  and  indeed  the  Latin,  sense  of 
the  word,  is  agricultural,  and  I do  not  think 
this  sort  of  colony  existed  before  the  discovery 
of  America. 

When  Europe  discovered  America,  she  found 
a vast  continent  very  sparsely  inhabited,  es- 
pecially in  the  north,  where  the  immense  tracts 
were  only  peopled  by  hunting  tribes.  Into 
these  vacant  spaces  the  stream  of  adventurers 
from  the  European  shores  of  the  Atlantic  soon 
began  to  flow  ; first  trickling  slowly,  then 
faster,  until  in  our  own  century  the  emigration 
has  become  more  like  a torrent.  The  Spaniards 
and  Portuguese  seized  the  centre  and  the  south 
of  the  continent  ; the  Dutch,  English,  and 
French,  occupied  the  north.  Of  course,  the 
hardier  and  bolder  spirits  led  the  way,  and  did 
all  the  rough  work  of  clearing  the  ground  and 
fighting  the  native  Indians.  The  French  in 
Canada  and  the  north  did  very  well  at  first, 
but  their  colonies  were  kept  far  too  strictly 
under  official  regulation.  The  French  Govern- 
ment insisted  on  keeping  a tight  hold  on  them, 
and  the  colonists  were  much  troubled  by  the 
activity  of  the  Roman  Catholic  Church,  which 
sent  out  large  establishments  of  priests,  whose 
business  it  was  to  see  that  the  colonists  were 
orthodox,  and  to  convert  the  native  Indians. 
On  the  other  hand,  the  English  colonies  were 
formed  on  just  the  contrary  principle ; they 
were  mainly  founded  by  men  who  had  left 
their  native  land  to  escape  from  kings  and 
bishops,  who  fled  from  persecutions  by  Church 
and  State,  and  who  would  undergo  any  risks 
and  hardships  for  the  sake  of  civil  and 
religious  liberty.  While  the  French  and 
Spanish  imported  into  their  colonies  their 
official  system  and  their  Roman  Church,  the 
Puritan  English,  who  were  the  backbone  of  the 
emigration,  insisted  on  leaving  at  home  their 
religious  establishment,  positively  declining  to 
import  it  either  for  their  own  use  or  for  that  of 
the  natives.  This  radical  difference  of  origin 
runs  up  through  the  whole  history  of  French 
and  English  colonisation  in  America. 

The  Southern  half  of  the  American  continent 
was  conquered  by  the  Spanish  and  Portuguese, 
who  are  the  ruling  races  to  this  day.  In  North 
America,  where,  as  I have  said,  the  old 
companies  had  merged  into  Crown  colonies, 


the  colonial  quarrel  became  a trial  of  strength 
between  French  and  English,  and  during  the 
1 8th  century  it  was  fought  out,  and  the  prize 
was  won  by  the  English,  who  expelled  the 
French  and  took  all  their  possessions  except 
New  Orleans.  I may  add  that  our  success 
in  North  America,  as  in  Asia,  was  mainly  due 
to  three  great  advantages  : — first,  we  had  a 
better  Government;  second,  free  institutions; 
third,  a much  more  powerful  navy. 

But  there  were  other  reasons  why  our  colonies 
won.  In  the  first  place,  the  founders  of  the  chief 
English  colonies  in  North  America  were  mostly 
refugees.  I mean  men  who  had  sacrificed 
everything  at  home  to  their  principles,  and  who 
had  fled  across  the  ocean  to  escape  what  they 
thought  tyranny,  whether  of  church  or  state. 
Such  men  were  sure  to  have  great  force  of 
character  and  stubborn  hardihood.  Secondly, 
the  English  colonists  soon  became  far  more 
numerous  than  the  French,  they  settled  on  the 
land  and  multiplied  much  faster,  they  numbered 
1,000,000  in  the  middle  of  the  last  century  when 
the  French  were  only  50,000.  Thirdly,  the 
English  intermarried  or  intermixed  with  the 
Indians  much  less  than  the  French,  and  all 
experience  in  colonies  shows  that  the  purer 
race  is  the  stronger  race.  Well,  the  two 
nations  soon  began  to  quarrel  in  America  over 
land,  just  as  they  were  quarrelling  at  the  same 
period  in  India  over  trade.  The  English  were 
settled  in  the  country  that  borders  the  Atlantic ; 
the  French  were  in  Canada,  to  the  north,  and 
they  tried  to  occupy  the  great  inland  tracts 
behind  the  English — what  the  Germans  call 
the  hinterland — which  would  have  cut  us  off 
from  all  trade  with  the  interior.  The  colonists, 
like  the  Indian  companies,  began  to  fight  with 
each  other  unofficially;  I mean  that  the  French 
and  English  Governments  backed  each  its  own 
countrymen  without  declaring  war  publicly, 
until  at  last  matters  got  to  such  a pass  that 
the  two  nations  fell  openly  to  blows,  and  during 
the  Seven  Years’  War  the  French  lost  America 
just  as  they  lost  India.  Here,  again,  sea 
power  told  heavily  in  our  favour ; the  success 
of  the  English  was  greatly  due  to  their  superior 
navy ; they  cut  off  the  French  communications 
across  the  Atlantic.  And  so  you  see  that 
colonies  and  commerce  beyond  sea  depend 
for  their  connection  with  the  mother  country 
on  naval  superiority.  On  the  other  hand,  a 
country  without  colonies  or  commerce  cannot 
support  a large  navy,  which  requires  friendly 
harbours  and  stations  all  over  the  world. 

I hope  I have  now  explained  to  some  extent 
how  companies  laid  the  foundation  of  the 
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British  Empire  beyond  the  sea  in  the  17th 
' century,  and  how  m the  middle  of  the  i8th 
century  they  acquired  for  us  a great  dominion 
in  both  Asia  and  America.  They  were  allowed 
lO  go  forth  on  their  adventures  to  establish 
themselves  and  to  broaden  out  their  posses- 
sions, to  compete  for  trade  in  Asia,  or  to 
cultivate  remote  lands  in  America.  This 
brought  them  into  contact  with  other  foreign 
nations,  whose  subjects  were  doing  the  same. 
But  the  contact  meant  collision  ; as  soon  as 
two  nations  came  across  each  other’s  path 
one  had  to  give  way.  Then  came,  as  I have 
said,  first,  unofficial  fighting — war  between 
companies  and  war  between  colonies ; and 
secondly,  public  fighting — war  between  the 
nations. 

We  all  know  what  came  in  North  America 
last  of  all,  a war  between  the  English  Govern- 
ment and  its  own  colonies.  So  long  as  the 
French  in  North  America  w^ere  threatening 
the  English  colonists  they  were  fairly  tract- 
able, because  they  needed  the  protection  of 
the  mother  country.  But  when  England  had 
driven  out  France,  our  own  colonists  became 
very  hard  for  England  to  manage,  and  after 
a war  they  declared  their  own  independence. 
And  so  by  the  end  of  the  last  century  we  lost 
all  our  North  American  colonies,  for  I don’t 
call  Canada  a colony  in  the  strict  sense,  it 
was  not  originally  founded  by  English  colonisa- 
tion, it  was  conquered  by  England  from 
France,  just  as  the  Cape  was  originally 
conquered  from  Holland.  Precisely  the  same 
thing  happened  at  the  beginning  of  this 
century  in  South  America;  the  Spanish  and 
Portuguese  colonies  all  rebelled  against  the 
Home  Government,  so  did  Mexico,  and  now 
the  whole  of  South  America  and  Mexico  are 
independent.  At  the  present  moment  we  are 
spectators  of  the  desperate  struggle  of  Spain 
to  maintain  the  two  islands  which  are  the 
last  relics  of  her  magnificent  empire  in  the 
New  World. 

After  the  loss  of  our  American  colonies,  the 
main  currents  of  English  enterprise  abroad 
seem  to  have  run  into  fresh  channels.  We 
had  lost  a great  dominion  in  North  America 
by  1783,  but  in  1787  we  made  good  our  first 
foothold  in  Australia,  which  has  since  grown 
into  a magnificent  colony,  while  by  the  begin- 
ning  of  this  century  we  had  taken  possession  of 
the  Cape.  In  these  countries,  in  Australasia, 
New  Zealand,  and  to  some  extent  in  South 
Africa,  we  have  had  the  great  advantage  of 
having  no  other  European  rivals  to  contend 
against  as  we  had  to  contend  against  France 


in  India  and  North  America.  And  since  the 
only  road  to  these  countries  is  by  a long  sea- 
voyage,  our  command  of  the  sea  enabled  our 
colonisation  to  grow  and  spread  undisturbed. 
These  countries,  moreover,  have  immense  value 
to  us  as  colonies,  because  of  their  excellent 
climate,  in  which  Fffiropeans  can  work  with 
their  hands  and  bring  up  their  families.  Com- 
merce is  independent  of  climate,  the  trader 
goes  everywhere,  into  the  hottest,  the  coldest, 
the  most  unhealthy,  regions.  But  the  colonist 
can  only  thrive  and  make  a home  in  the 
temperate  zones;  within  the  tropics  he  cannot 
exist.  It  has  been  said  by  the  FTench,  and 
truly,  that  every  colony  is  really  held  by  the 
women,  for  unless  the  women  emigrate  with 
the  men,  and  until  the  families  settle  down, 
the  occupation  has  no  root.  And  I may  add 
that  this  is  the  more  essential,  because  if  the 
colonist  does  not  bring  his  womankind,  if  he 
intermarries  with  some  inferior  native  race, 
he  is  sure  to  lose  vigour  and  fall  behind  in 
civilisation. 

But  if  we  survey  the  present  state  of  the 
world,  we  shall  see  that  the  regions  with  a 
temperate  climate,  where  the  white  man  can 
live,  work,  and  rear  a family,  are  rapidly  filling 
up  ; there  are  very  few  vacant  spaces  of  that 
kind  now  remaining  where  the  climate  is  good 
and  the  land  profitable.  Yet  the  emigration  of 
the  northern  European  nations — of  English 
and  German — is  going  on  as  fast  as  ever, 
stimulated  by  two  causes  : too  many  people  at 
home,  and  one  might  almost  say  for  England, 
too  much  money.  When  the  energetic  portion 
of  a people  cannot  find  scope  for  their  energies 
or  satisfaction  for  their  wants  at  home,  they 
go  abroad  for  it ; and  when  capital  cannot  get 
a fair  return  for  home  investments,  the  money 
goes  abroad  also.  That  is  the  state  of  things 
in  England,  where  wealth  flows  into  the  city 
and  accumulates,  until  there  is  an  overflow  all 
over  the  world.  On  the  Continent  matters  are 
different ; there  is  not  such  a pressure  of  popu- 
lation and  of  wealth  as  in  this  little  island  of 
ours.  But  we  have  seen  in  our  day  a great 
revival  of  colonial  enterprise,  both  in  France 
and  Germany.  The  Governments  of  those 
countries  have  noticed  with  natural  jealousy 
the  immense  spread  of  the  English  colonial 
possessions.  They  have  discovered  that  it  is 
politically  dangerous  to  keep  their  people  pent 
up  at  home  ; it  creates  discontent  and  a 
sharper  struggle  among  the  classes — among 
those  who  have  and  those  who  have  not ; it  is 
apt  to  cause  impoverishment  of  the  national 
character ; and  so  France  and  Germany  have 
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been  taking-  up  eagerly  again  the  question  of 
colonies,  of  adding  to  the  national  estate  by 
seizing  great  tracts  of  land  in  other  parts  of 
the  world.  They  want  to  be  even  with  Eng- 
land, who  has  been  doing  the  same  thing 
steadily  all  through  the  latter  half  of  this  19th 
century,  and,  above  all  things,  they  do  not 
want  the  English  to  go  on  taking  up  the  trade 
with  all  the  outlying  half-barbarous  countries 
of  the  world,  in  Asia  and  particularly  in 
Africa. 

But  I have  already  said  that  there  are  hardly 
any  tracts  left  in  the  world  which  are  suited  for 
cultivation  by  Europeans — tracts  like  Australia 
and  Canada,  where  white  men  can  settle  down 
and  labour  with  their  hands.  There  are,  how- 
ever, wide  regions  where  a valuable  trade  can 
be  developed,  by  capital  and  good  government, 
with  the  barbarous  inhabitants  ; there  are  also 
tracts  which  will  yield  great  profits  to  mining 
industry.  For  the  security  of  trade  and  for 
the  safe  investment  of  the  necessary  capital,  it 
is  obviously  convenient  to  take  possession  of 
these  regions,  to  place  them  under  protection, 
and  to  bar  out  in  this  way  rival  nations.  Each 
State,  therefore,  makes  haste  to  mark  out  its 
own  protectorate,  to  assert  dominion  over  it, 
and  thus  to  throw  open  a great  tract  of  country 
for  development  by  the  enterprise  of  the  State’s 
subjects.  Now  the  point  to  which  I would 
draw  your  attention  is  that,  while  the  old 
chartered  companies  for  trade  have  become 
extinct,  this  partition  of  Africa  among  Euro- 
pean nations,  which  only  began  about  twenty 
years  ago,  has  led,  in  England  and  Germany, 
to  a revival  of  the  great  companies  under  a 
territorial  charter.  The  system  is,  however,  a 
kind  of  new  variety.  Its  main  object  is  not 
precisely  colonisation,  as  with  the  old  North 
American  colonies,  for  the  emigrants  rarely  go 
out  to  settle  in  the  new  tracts,  to  plant  families 
and  till  the  land.  Neither  is  commerce  its 
main  business,  for  the  new  company  has  no 
trading  monopoly  like  the  old  commercial 
companies ; and  in  some  of  these  immense 
regions  the  trade  has  to  be  created.  Never- 
theless, as  I began  by  saying,  the  charters 
granted  to  these  English  companies  within  the 
last  fifteen  years  or  less,  substantially  resemble 
in  regard  to  powers  to  acquire  possessions, 
and  jurisdiction  to  govern  them,  the  charters 
issued  by  the  Crown  in  the  17th  century. 

Now  you  can  easily  understand  that  enormous 
tracts,  most  of  them  very  well  peopled  by  un- 
civilised folk,  cannot  be  taken  up  and  worked 
without  some  trouble  and  some  opposition, 
even  in  Africa.  You  cannot  cast  a net  over 


millions  of  men  without  finding  them  a little 
restive  and  very  suspicious.  They  often  show 
an  ignorant  impatience  of  being  governed  by 
foreigners,  according  to  foreign  ideas,  and  a 
deplorable  blindness  to  the  benefits  of  civilisa- 
tion. They  quarrel  with  us,  and  they  quarrel 
among  themselves,  and  it  is  not  always  easy 
to  keep  good  order.  But  the  most  serious  diffi- 
culty of  the  modern  European  company  arises 
out  of  the  jealousy  of  its  European  neighbours 
and  rivals,  or  out  of  the  clashing  and  contrary 
interests  of  other  European  races  in  or  near 
the  same  country.  In  the  old  days  such  dis- 
putes were  usually  settled,  as  I have  explained, 
by  a kind  of  private  war  between  the  companies 
or  the  colonists  ; and  their  Governments  were 
not  called  in  until  matters  had  gone  so  far  that 
the  quarrel  became  national.  In  these  latter 
days  of  telegraphs  and  rapid  communication 
all  over  the  world,  any  slight  collision  in  some 
far-off  colony,  any  encroachment  upon  a foreign 
sphere  of  influence,  any  skirmish  on  a wild 
border,  or  difficulty  with  the  native  chiefs,  is  at 
once  reported  home,  and  the  European  Govern- 
ments begin  to  demand  explanations  or  to 
threaten  reprisals.  The  consequence  is  that  a 
company  needs  more  looking  after  than  in  old 
times,  for  a mistake  may,  and  will,  make  its 
Government  responsible.  The  competition  for 
trade  is  as  keen  as  ever,  the  contest  for 
dominion  is  keener  than  ever,  the  different 
nations  and  governments  are  very  much  more 
ready  than  formerly  to  take  up  quarrels  over 
territorial  boundaries,  and  to  make  them  ques- 
tions of  national  honour.  We  have  to  remember 
that  other  European  nations — the  Germans, 
the  French,  and  the  Belgians — have  annexed 
in  Africa  almost  as  much  territory  as  the 
English,  and  that  the  Italians,  up  to  last  year, 
had  also  claimed  the  protectorate  over  an 
immense  tract  in  East  Africa.  But  the  diffi- 
culties that  surround  the  modern  system  of 
companies  are  already  showing  themselves. 
The  German  companies,  which  were  founded 
some  fifteen  years  ago  in  imitation  of  our  own, 
are,  I believe,  either  dissolved  or  dissolving; 
they  have  made  over  their  possessions  to 
their  Imperial  Government.  If  we  set  aside 
the  North  Borneo  Company,  which  is  on  a 
comparatively  minor  scale,  the  only  great 
territorial  companies  now  surviving  in  the 
world  are  the  English  companies  in  Africa. 

And  I doubt  whether  these  companies,  as 
proprietary  governors  of  territory,  are  likely  to 
last  long.  The  British  East  Africa  Company, 
which  pierced  the  centre  of  Africa  to  Uganda 
from  the  east  coast,  soon  got  entangled  in  the 
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i disputes  of  the  native  tribes,  and,  in  com- 
plications with  French  interests,  they  have 
resigned  their  charter,  and  the  English 
Government  reigns  in  their  stead.  The  Niger 
I Company  on  the  west  coast  have  had  several 
I native  wars,  and  their  relations  with  the  French 
are  just  now  giving  us  some  anxiety ; we 
I already  hear  something  of  a desire  on  their 
I part  to  cede  their  governing  and  diplomatic 
responsibilities  to  the  State.  The  Chartered 
South  Africa  Company  stand  alone,  to  my 
mind,  as  the  last  surviving  example  of  a great 
association,  vested  by  charter  with  rights  of 
property  and  administration  over  a vast 
domain.  Two  years  and  more  ago,  they  came 
into  serious  collision  with  the  Transvaal 
Republic  ; they  have  had  wars  with  the  natives, 
and  manifold  financial  vicissitudes.  Never- 
theless, their  territory  goes  on  expanding 
under  the  vigorous  direction  of  Mr.  Rhodes, 
and  Rhodesia  now  means  a tract  of  800,000 
square  miles  on  both  sides  of  the  Zambesi 
river;  its  landmarks  have  been  pushed  north- 
ward to  the  Tanganyika  Lake.  But  we  have 
been  very  recently  told  that  a significant 
change  in  the  constitution  of  the  country  is 
to  be  expected.  It  is  proposed  to  convert 
Rhodesia  into  a self-governing  colony,  on  the 
model  of  other  South  African  colonies,  which 
shall  be  partly  under  the  control  of  the  Com- 
pany, as  the  Company  is  under  the  control  of 
the  Crown ; the  Company  retaining  its  rights  to 
dispose  gradually  of  the  land  and  the  minerals 
by  allotment  to  those  who  apply  for  concessions. 
If  this  is  done,  if  the  land  as  well  as  the  local 
administration  passes  to  settlers  in  the  country, 
the  constitutional  change  will  have  follow^ed, 
very  remarkably,  the  course  by  which,  in  the 
17th  century,  the  old  proprietary  companies  of 
North  America,  the  Virginian  Company  for 
instance,  were  transformed  into  self-governing 
colonies. 

The  truth  seems  to  me  to  be,  that  in  this 
latter  end  of  the  19th  century  the  system  of 
chartered  companies  has  been  revived  too  late. 
It  answered  well  enough  in  times  when  rival 
traders  or  colonists  could  settle  their  disputes 
by  diligent  fighting  among  themselves,  without 
prejudice  to  international  relations.  But  com- 
panies cannot  now  contend  with  the  represen- 
tatives of  foreign  States  ; and  in  many  parts  of 
the  world  the  native  rulers  or  races  have  now 
got  modern  arms,  and  know  how  to  use  them. 
War  has  become  a much  more  serious  business 
everywhere  ; the  national  governments  are 
made  directly  and  instantly  responsible  for  the 
acts  of  the  companies,  and  the  state  officials 


often  have  to  watch  what  is  done  so  closely 
that  they  might  as  well  do  the  work  themselves, 
though  I admit  that  in  that  case  much  of  the 
work  would  not  be  done  at  all. 

The  present  situation  may,  therefore,  be 
summed  up  in  this  way.  In  North  America, 
the  old  proprietary  companies  have  long  ago 
merged  into  the  federation  of  independent 
States.  In  Asia,  where  India  was  once  vested 
in  a great  corporation,  we  have  now  the 
Indian  Empire.  The  companies  have  finally 
disappeared  from  both  continents  where  once 
they  possessed  vast  territories.  It  is  no  longer 
possible  in  Asia  to  entrust  them  with  charters 
empowering  them  to  treat  independently  with 
Asiatic  rulers,  to  occupy  settlements,  to  raise 
fleets  and  armies,  or  even  to  administer  their 
own  concerns  by  their  own  ordinances.  You 
have  only  to  look  at  what  is  going  on  at  the 
present  moment  in  China  to  see  that  the 
interests  of  national  commerce  in  those 
regions,  the  taking  up  of  vantage  points  on 
the  coast,  and  the  work  of  holding  our  own 
against  European  rivals  have  now  necessarily 
become  important  affairs  of  State,  and  matters 
of  keen  international  controversy.  Two 
hundred  years  ago  the  business  of  gaining  a 
footing  in  China,  of  occupying  settlements, 
treating  wnth  the  Mandarins,  and  fighting 
with  foreign  rivals,  would  have  been  left  to 
some  powerful  companies  ; and  diplomacy 
w’ould  have  only  come  in  when  the  quarrels 
grew  serious.  Africa  alone  remains,  and  in 
Africa  the  only  European  nation  which  still 
ventures  to  operate  through  companies  is 
England.  I have  already  given  some  reasons 
for  my  belief  that  even  in  Africa  we  shall  soon 
see  the  last  of  the  chartered  companies  in  spite 
of  their  recent  revival.  I think  that  they  have 
done  their  w’ork,  and  a noble  work  it  has  been,  for 
the  nation  ; that  in  the  present  state  of  the  world 
they  are  no  longer  convenient  agencies  for  the 
acquisition  and  administration  of  territory. 
And  certainly  it  seems  to  be  best  that  they 
shall  not  undertake  to  do  any  more  fighting  for 
us  ; as  that  is  a business  which  in  these  days 
of  international  sensitiveness  a State  had  better 
do  for  itself.  In  short,  we  are  discovering  by 
experience  that  the  system  is  not  suited  to 
modern  circumstances ; it  is  too  loose  and 
irregular;  it  mixes  up  dividends  with  adminis- 
tration ; it  cannot  keep  public  duties  and  private 
interests  sufficiently  apart.  It  is  not  a satis- 
factory governing  agency  in  lands  where  there 
is  a large  native  population  which  must  be  cared 
for  and  protected  ; for  where  there  are  living 
together  on  the  same  territory  diverse  races  of 
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which  one  is  far  stronger  than  all  the  others,  I 
doubt  whether  the  weaker  folk  can  be  sure  of 
fair  play  under  any  administration  that  is  not 
an  imperial,  and,  therefore,  an  impartial  arbi- 
trator among  local  interests  and  prejudices. 

Accordingly,  my  conclusion  is  that  the  long 
and  famous  record  of  English  companies  is 
very  near  its  close.  I have  endeavoured,  very 
briefly  and  imperfectly,  to  take  a rapid  survey 
of  their  past  history.  You  will  have  seen,  I 
hope,  that  the  system  has  played  a very  great 
part  in  founding,  extending,  and  consolidating 
the  vast  dominion  of  Great  Britain  beyond 
seas ; they  have  spread  our  commerce,  our 
language,  our  manners,  and,  I hope,  our 
civilisation ; they  began  the  colonisation  of 
North  America ; they  conquered  India ; they 
have  opened  out  and  pacified  a great  dominion 
in  Africa.  They  have  also  been  closely  con- 
nected with  the  growth  of  our  sea  power  ; they 
have  always  been,  and  are  now  more  than  ever, 
supported  and  secured  by  our  sea  power,  be- 
cause all  the  possessions  of  the  maritime  nations 
of  Europe  in  Asia  and  Africa  depend  entirely  on 
the  control  of  the  water-ways.  It  was  through 
the  support  of  our  navy  that  our  trading  com- 
pany secured  India  in  the  last  century ; it  is  on 
our  command  of  the  sea  routes  that  our  English 
company  now  relies  for  the  safety  of  the  vast 
domain  Which  it  is  marking  out  for  the  mother 
country  in  South  Africa.  In  the  matter  of 
capable  administration  and  intelligent  dealing 
with  subject  races  their  record  shows  mistakes 
and  shortcomings  ; yet  we  have  to  remember 
that  the  whole  history  of  the  management  of 
dependencies  is  full  of  errors  and  failures ; it 
has  been  largely  a story  of  mismanagement, 
and  I really  believe  that  in  governing  distant 
lands  the  companies  have,  on  the  whole,  been 
quite  as  successful  as  the  India  Office  or  the 
Colonial  Office.  And  so  we  may  still  look  back 
with  some  pride  and  satisfaction  upon  their 
adventures  and  their  achievements  beyond  sea  ; 
and  we  may  all  resolve  to  do  our  best  to  act 
justly  toward  the  immense  populations  that 
have  come  under  our  dominion,  to  live  peace- 
ably, so  far  as  may  be,  with  our  rivals  and 
neighbours  in  Asia  and  Africa,  and  to  make 
our  dominion  in  those  continents  a source  of 
moral  and  material  benefit  to  the  whole  British 
Empire. 


DISCUSSION. 

The  Chairman  said,  however  much  they  might 
have  known  of  the  broad  facts  contained  in  Sir 
Alfred  Lyall’s  sketch  of  chartered  companies,  one 
thing  was  certain,  they  were  never  so  lucidly  arranged 


in  their  minds  before,  and  it  must  be  admitted  that 
for  its  clear  presentation  of  actions  and  motives,  and 
especially  for  the  inspiring  suggestiveness  of  the  con- 
tents of  his  paper,  they  all  owed  him  a deep  debt  of 
gratitude.  He  had  marshalled  the  facts  which  he 
had  collected  for  the  purpose  of  instruction  rather 
than  amusement,  and  they  must  be  dull,  indeed,  if 
they  did  not  profit  by  the  stirring  thoughts  he  had 
aroused.  Carlyle  said  that  history  was  philosophy 
teaching  by  experience,  and  he  seized  on  that  saying 
with  the  view  of  pointing  out  what  lessons  might  be 
learnt  by  reflecting  on  what  they  had  learnt  of  the 
lessons  of  the  17th  and  i8th  century.  When  he  was 
reminded  of  the  lessons  of  the  17th  century,  he  was 
led  to  compare  them  with  those  now  prevailing,  and 
it  was  impossible  not  to  see  that  there  were  some 
striking  resemblances  between  those  of  the  present 
period  and  those  of  the  old-fashioned  days  of  which 
Sir  Alfred  Lyall  had  spoken.  When  the  collapse  of 
the  East  India  Company,  through  bad  management, 
heavy  debt,  and  the  interference  of  Government  in  its 
affairs,  was  mentioned,  his  mind  reverted  to  what 
they  had  lately  heard  about  the  South  African 
Company : its  collision  in  the  Transvaal  and  with 
the  Matabele,  the  Government  Commissioners  just 
appointed  to  supervise  its  future  operations,  its 
^10,000,000  of  debt,  its  limited  revenue,  and  the 
credit  of  the  Government  which  was  sought  for 
the  railway  to  Tanganyika.  When  Sir  Alfred  Lyall 
alluded  to  the  adventurers  in  America,  and  then 
to  the  struggle  for  territory  between  the  French 
and  English,  when  the  French  tried  to  occupy 
the  hinterland  of  the  Atlantic  coast,  to  prevent 
the  English  getting  the  trade  of  the  interior,  it 
appeared  to  him  as  if  there  were  some  strong 
resemblance  to  what  had  occurred  to-day  in  Western 
Africa.  There  also  the  British  were  in  possession  of 
considerable  coast  land,  and  the  French  had  come 
down  from  the  north  and  occupied,  as  they  did  in 
America,  the  hinterland  of  the  Atlantic  coast  to  cut 
them  off  from  the  interior.  As  in  America,  both 
nations  backed  their  colonists,  and  finally  fought 
together  for  seven  years,  until  the  French  were 
expelled,  must  it  be  inferred  that  when  the  British 
and  French  colonial  forces  w^ere  tired  of  staring  at 
each  other,  the  armies  of  both  countries  would  join  in 
conflict  until  one  or  other  retired  ? Who  could  tell. 
They  might  be  sure,  however,  that  they  would  not  be 
fighting  because  of  the  value  of  the  African  hinter- 
land, but  because  of  the  unfriendliness  of  the  Power 
which  went  out  of  its  way  to  confine  us  to  the  coast. 
A friendly  Power  would  not  do  that  to  its  neigh- 
bours which  it  would  not  like  to  have  done  to 
itself.  If  they  were  compelled  to  fight,  it  would  be 
because  all  other  means  had  failed  to  prevent  a recur- 
rence of  those  unfriendly  and  initating  actions.  When 
Sir  Alfred  referred  to  the  bold  crusades  of  the  17th 
century  in  seizing  and  appropriating  trade  grounds  in 
Asia  and  America,  and  the  contention  for  extensive 
possessions,  he  was  led  to  think  of  the  events  of  a few 
weeks  ago  at  Kiao-chau  and  Port  Arthur ; and  the 
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passionate  denunciations  of  the  Press  for  the  passive 
resistance  it  was  thought  our  Government  had 
opposed  to  those  acts.  He  fancied,  from  the  tone 
of  the  Press,  that  the  spirit  of  contention  was  as 
much  alive  in  this  country  as  ever.  There  also 
came  to  his  mind  the  sudden  expansion  of  the 
Luderitz  concession  fourteen  years  ago  to  the  huge 
domain  of  Germany  in  South  Africa,  and  how  the  petty 
district  conceded  to  her  on  the  east  coast  expanded 
into  a large  tract  extending  as  far  as  Tanganyika,  and 
that  a decided  incursion  and  occupation  had  been 
made  in  British  West  Africa  into  a sphere  of  influ- 
ence, and  on  the  Upper  Nile  near  Lake  Rudolph. 
All  this  made  him  think  that,  despite  the  advance 
civilisation  had  made  within  two  centuries,  the  con- 
tention for  trade  and  trade  ground  was  as  vigorous  as 
ever,  and  that  the  age  was  as  ready  for  the  excite- 
ments of  the  17th  century  as  were  the  Spaniards, 
Portuguese,  and  Flemings  of  that  period.  He  could 
not  help  wondering,  during  Sir  Alfred’s  sketch  of  the 
decline  and  fall  of  the  Spanish  Empire,  through  the 
jealousy  of  the  French,  Dutch,  and  English,  whether 
any  present  had  the  faintest  suspicion  that  the  fate  of 
the  British  Empire  might  be  some  day  somewhat 
similar.  We  were  too  near  to  the  late  events 
to  take  in  dispassionately  their  full  meaning, 
and  to  venture  to  prophesy,  but  it  appeared  to 
him  as  if  in  the  minor  of  the  past  held  out 
by  the  reader  of  the  paper,  they  might  trace 
a dim  likeness  of  the  future,  especially  when  Sir 
Alfred  admitted  that  we  had  also  in  our  turn  become 
the  object  of  jealousy  to  Germany,  France,  and 
Russia,  and,  might  they  not  add,  to  the  United 
States  and  Japan  ? Sir  Alfred  clearly  showed  that 
only  a combination  supported  by  a warlike  and  ever- 
ready  State  could  persist  in  the  work  of  securing 
trade  during  those  old  fighting  days,  but  now  that 
our  attention  had  been  excited,  and  they  foresaw  the 
possible  contingency,  might  they  not  ask  themselves 
what  would  happen  to  a State  that  would  be  reluc- 
tant to  fight  for  either  its  rights,  trade,  territory,  or 
prestige.  Was  it  possible  that  a State  could  long 
survive  a reputation  for  tranquilly  suffering  unfriendly 
acts,  of  remaining  unmoved  by  any  number  of  pro. 
vocations,  and  quietly  disregarding  invasions  of  its  terri- 
tory. The  old  \NTiter  Batten  said  that  the  commerce 
of  the  East  was  not  built  up  with  manners  and  shilly- 
shally, and  he  was  sure  the  most  courteous  manner 
and  the  most  Christian  forbearance  would  never 
retain  it.  It  was  certain,  however,  that  diplomatic 
graciosities  called  by  Batten  “shilly-shally”  had  con- 
tributed a great  deal  to  the  preservation  of  peace  and 
trade  since  the  Crimean  war,  but,  unfortunately,  the 
times  were  changed,  and  the  competition  for  trade  and 
colonies  was  becoming  keener  every  year.  The 
desire  for  colonies,  in  fact,  had  become  ferocious — 
a veritable  land  hunger — because  some  Powers  had 
already  tasted  the  sweets  of  their  recent  annexations, 
and  as  it  increased,  the  same  unscrupulousness  as 
characterised  the  17th  century  would  be  manifested 
again.  If  we  had  only  Christian  protests  and 


manners  to  repel  poachers  on  our  territory,  we 
should  be  in  great  danger  of  being  squeezed  like  an 
orange.  .Sir  Alfred  Lyall  had  laid  stress  on  the  fact 
that  the  nation  which  had  the  superior  navy  could 
break  the  communications  of  the  enemy,  cut  off  his 
supplies  and  reinforcements,  and  starve  him  out. 
That  was  very  true  provided  that  that  nation  had  the 
courage  to  use  its  navy.  The  strongest  navy  on  the 
seas  was  no  help  to  a nation  if  the  ammunition  em- 
ployed was  only  manners.  If  Germany  possessed 
such  a navy  as  England  to-day  did  they  think  she 
would  stand  the  incursions  w’e  had  so  patiently 
endured.^  He  felt  very  certain  that  if  France  owned 
such  a navy  she  would  never  have  borne  insolence  and 
provocation  for  14  years  as  we  had  done  since  1884. 
There  was  one  little  remark  in  the  paper  which  made 
him  feel  melancholy  for  a short  time.  One  could  not 
help  becoming  attached  to  a thing  that  had  served  one 
w'ell,  and  to  hear  that  chartered  companies,  which  had 
so  extensively  added  to  our  empire  in  Asia,  America, 
the  West  Indies,  Borneo,  and  Africa,  w ere  now  out  of 
fashion,  and  that  the  last  of  them  was  to  disappear 
shortly  rather  saddened  him.  But  on  reflection  he 
had  been  encouraged  by  reminding  himself  that  civili- 
sation was  not  yet  at  the  end  of  its  resources.  A 
frivolous  excuse  was  all  that  was  needed  now-a-days 
when  they  were  fevered  with  a craving  for  territory’. 
The  killing  of  two  missionaries  was  all  that  Germany 
wanted  for  taking  Kiao-chau.  The  want  of  an  ice- 
free  port  was  suflicient  for  Russia  to  annex  Manchuria 
and  the  Liaotung  peninsula.  The  necessity  for  study- 
ing the  flora  and  fauna  of  Kilimanjaro  caused  the 
Emperor  William  to  demand  that  snowy  mountain, 
and  the  wish  not  to  be  behind  Russia  caused  France 
to  desire  a big  slice  from  Southern  China,  and  then 
the  need  for  a northern  coaling  station  inspired  Eng- 
land to  take  Wei-hai-Wei,  and  thus  although  chartered 
companies  w'ere  not  to  be  used  in  future  as  inter- 
mediaries for  Governments  the  resources  of  modern 
civilisation  were  not  exhausted.  He  merely  wished  to 
point  out  how  very  suggestive  he  found  this  very’  able, 
interesting,  and  historical  sketch,  and  thought  few 
would  refuse  to  agree  with  him  in  his  conclusions 
respecting  the  great  advantage  which  chartered  com- 
panies had  been  in  the  past  to  the  nation,  and  that 
for  the  future  they  w'ould  be  considered  as  somewhat 
out  of  date. 

Lord  Brassey,  K.C.B.,  F.R.S.,  said,  having  held 
the  position  of  deputy-chairman  of  two  of  the  companies 
to  which  reference  had  been  made,  the  North  Borneo 
Company  and  the  East  Africa  Company,  he  desired  to 
say,  speaking  with  a conviction  founded  on  practical 
experience,  that  he  subscribed  unreservedly  to  the 
view’s  expressed  by  Sir  Alfred  Lyall  in  the  closing 
pages  of  his  extremely  interesting  paper.  He  was 
thoroughly  convinced  that  it  was  inexpedient  for  a 
Government  to  grant  charters  to  a company  which  it 
was  not  prepared  either  to  resist  or  control.  He 
would  only  add  that  he  could  not  subscribe  unre- 
servedly to  some  of  the  observ’ations  which  had  fallen 
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from  the  Chairman.  The  view  which  that  gentleman 
appeared  inclined  to  maintain  seemed  to  him  to  be  an 
aggressive  one,  and  while  he  was  as  fervent  as  any 
man  in  the  desire  that  we  should  be  well  armed  and 
prepared  to  vindicate  our  just  rights,  he  did  not  know 
that  we  had  any  cause  to  complain  of  our  failure  to 
expand  our  empire  almost  as  rapidly  as  was  justified 
by  our  available  means  of  government. 

Sir  Richard  Temple,  Bart.,  G.C.S.I.,  C.I.E., 
F.R.S.,  said,  as  it  was  getting  late,  it  appeared 
to  him  that  he  should  best  sene  the  interests  of 
the  meeting  by  proposing  a vote  of  thanks  to  the 
reader  of  the  paper.  With  regard  to  Sir  Alfred 
Lyall,  he  must  express  the  pride  and  pleasure  he 
felt  in  listening  to  so  excellent  an  address  from 
one  of  his  brother  officers  of  more  than  thirty  years’ 
standing  ; with  whom  he  had  been  brought  up 
officially,  and  with  whom  he  had  served  on  many 
arduous  occasions.  Sir  Alfred  was  now  illustrating 
the  latter  part  of  a most  distinguished  career  by 
lectures,  such  as  these,  of  a philosophical,  historical, 
and  statesmanlike  character  for  the  edification  of  his 
countrymen,  and  for  stimulating  that  patriotism  which 
surely  was  as  much  needed  as  ever  it  was  in  the  days 
of  the  Georges,  or  even  Queen  Elizabeth.  They  were 
also  privileged  in  having  as  Chairman  one  who  was 
beyond  all  comparison  the  most  successful  of  modern 
travellers — a man  who  had  been  the  means  of  spread- 
ing light  over  the  darkest  part  of  the  world ; who 
had  done  great  things  for  many  nations,  but  most 
of  all  for  that  British  race  which  was  proud  to 
own  him  amongst  its  most  distinguished  sons.  He 
thought  with  Lord  Brassey  that  some  of  the  Chair- 
man’s remarks  were  open  to  comment,  though  he 
agreed  with  him  in  the  main,  and  thought  what  he 
said  would  be  very  useful  at  the  present  moment, 
when  he  remembered  that  just  now  in  the  far  East 
there  was  springing  up  as  much  competition  as  ever 
existed  in  the  Spanish  Main,  North  America,  or  the 
West  Indies,  when  the  Spanish  - American  war 
threatened  England  with  about  the  most  completely 
world-wide  complications  to  which  they  had  ever  been 
subject,  and  for  the  treatment  of  which  the  public 
could  not  too  soon  prepare  itself.  In  a few  months 
there  would  be  grave  questions  arising  as  to  the 
ownership  of  the  Philippine  Islands,  and  a possible 
alliance  between  England  and  the  United  States, 
which  undoubtedly  meant  the  whole  question  of  the 
Monroe  doctrine  in  South  America.  Therefore,  it 
was  time  they  should  gird  themselves  up  morally 
as  well  as  materially.  He  quite  agreed  with  the 
Chairman  that  they  might  say  if  either  France  or  Ger- 
many possessed  the  preponderating  sea  power,  which 
was  the  power  of  the  19th  century,  neither  would  have 
behaved  quite  so  mildly  as  we  had  ; but  were  we  to 
blame  for  that,  or  were  we  less  successful  The 
question  was  did  a strong  aggressive  policy  always 
do  good  to  the  nation  which  employed  it.  He 
thought  we  had  been  most  considerate  and  had  never 
used  our  giant  strength  at  sea  like  a giant.  In  the 


partition  of  Africa  who  got  the  lion’s  share  of  the 
whole  } He  should  say  England,  for  she  came  out 
with  a territory  of  several  million  square  miles  and  a ■ 
population  of  50,000,000,  which  was  more  than  equal 
to  the  share  of  any  other  nation.  Even  in  the  last 
affair,  suppose  we  had  been  a little  inclined  to  concede 
to  Russia,  would  it  turn  out  that  we  had  the  worst  of 
the  competition  } China  was  not  to  be  partitioned 
quite  in  the  same  sense  as  Africa,  but  it  would 
be  vain  to  disguise  the  fact  that  the  partition 
of  the  commercial  sphere  was  already  beginning 
in  China,  and  that  commercial  sphere  would 
become  ultimately  the  Imperial  sphere.  In  that 
who  had  the  lion’s  share  } Undoubtedly  England, 
in  spite  of  all  that  might  be  suggested  as  to  the 
shortcomings  of  the  Government.  He  did  not  believe 
they  would  turn  out  to  be  such  shortcomings  after  all. 
These  were  facts  which  could  be  proved  statistically, 
and  if  so,  they  need  not  distress  themselves  by  any 
supposed  meekness  and  undue  disposition  to  concede. 
Conciliatory  plans  practically  proved  most  successful 
in  the  end.  Undoubtedly  we  did  show  that  we  could 
act  forcibly  if  required,  as  in  the  matter  of  Wei-hai- 
wei.  Did  it  show  weakness  that  on  the  same 
morning  that  our  intention  to  take  it  was  announced, 
ten  British  ironclads  rendezvoused  close  to  the  mouth 
of  the  harbour.  That  showed  that  the  spirit  of  our 
Government  was  still  equal  to  that  of  the  Pitts.  As 
to  the  spirit  of  the  nations,  other  countries  might  do 
well  to  observe,  if  they  wished  to  preserve  the  peace, 
that  although  the  present  Government  was  generally 
supposed  to  belong  to  that  part  which  looked  after 
foreign  matters,  nevertheless  it  had  fallen  behind  the 
aspirations  of  the  people,  and  was  being  complained 
of  for  not  haGng  done  enough.  He  thought  it  would 
be  proved  to  have  done  enough,  but  still  the  fact  of  it 
being  complained  of,  even  without  due  ground, 
proved  that  the  instinctive  patriotism  of  the  British 
race  flamed  as  brightly  as  ever. 


Sir  Owen  Tudor  Burne  G.C.I.E.,  K.C.S.I., 
seconded  the  vote  of  thanks,  and  as  chairman 
of  the  Council,  wished  to  express  the  appreciation 
of  the  Society  at  large,  both  to  the  reader  of 
the  paper  and  to  the  Chairman.  They  were  always 
glad  to  welcome  distinguished  men  in  those  rooms, 
and  were  particularly  fortunate  in  having  this  meet- 
ing addressed  by  one  of  the  leading  men  of  our 
Indian  service,  and  presided  over  by  a man  whom 
they  all  respected  as  a great  traveller,  and  who,  they 
were  all  glad  to  find,  was  not  losing  his  fighting 
qualities,  although  he  had  sought  that  repose  which 
he  deserved  in  the  peaceful  atmosphere  of  the  House 
of  Commons. 


The  motion  was  put  by  Sir  Richard  Temple, 
and  carried  unanimously. 

Sir  Alfred  Lyall  having  thanked  the  audience 
for  their  appreciation  of  the  paper,  said  he  would 
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only  add  that  he  felt  much  honoured  and  touched  by 
the  words  in  which  Sir  Richard  Temple  alluded  to 
old  times  and  old  associations  when  he  served  under 
him  in  India.  All  who  were  there  would  remember 
the  vigour  of  character,  strength  of  action,  and  firm- 
ness of  purpose  which  carried  Sir  Richard  Temple 
through  many  difficulties,  and  led  him  to  distinctions 
which  had  rarely  been  equalled  in  the  Indian  services. 


Miscellaneous. 


THE  PHILIPPINE  ISLANDS. 

Local  and  European  authorities  estimate  the  area 
of  the  Philippine  Islands  at  1 50,000  square  miles, 
and  their  population  at  8,000,000  to  10,000,000. 
The  island  of  Luzon  on  which  the  city  of  Manila 
is  situated  has  a population  of  5,000,000,  and  the 
next  largest  island  is  Mindanao.  There  is  but  one 
railway  in  the  islands — from  Manila  to  Dagupin — a 
distance  of  123  miles.  It  is  a single  line  and  well 
built,  steel  rails  being  used  through  its  entire  length, 
the  bridges  being  of  stone  or  iron,  and  the  station 
buildings  substantial.  The  Government  assisted  in  the 
construction  of  the  road  by  making  valuable  concessions 
of  land  with  right  of  way  through  its  entire  length, 
and  by  guaranteeing  8 per  cent,  per  year  upon  the 
stock  of  the  road  for  a period  of  99  years,  when  it 
becomes  State  property.  There  are  about  25,000 
Europeans  resident  in  the  islands,  not  including  the 
troops.  Some  12,000  are  established  in  the  capital, 
Manila,  the  centre  of  the  colonial  Government. 
English,  Spanish,  and  German  houses  are  engaged  in 
rade.  The  land  is  fertile  and  productive,  and  lacks 
jnly  intelligent  cultivation.  Abaca  (manila  hemp)  is 
one  of  the  chief  sources  of  wealth  of  the  country. 
[Sugar  cane  does  not  give  such  satisfactory  results 
owing  largely  to  the  ignorance  of  the  planters.  The 
iverage  production  is  about  1 76,000  tons,  while  that 
)f  Cuba  in  the  time  of  good  yields  was  720,000  tons. 
The  sugar  goes  almost  entirely  to  Japan,  England,  and 
he  United  States.  The  cultivation  of  tobacco  is  one 
)f  the  most  important  industries,  although  it  is  said 
0 be  capable  of  much  greater  development.  The 
lative  coffee,  although  not  equal  to  the  mocha,  or 
)ourbon  variety,  has  a fine  aroma.  Cocoa  trees  grow 
n abundance,  and  the  indigo  is  famous  for  its  superior 
jualities.  The  late  United  States  Consul  at  Manila 
lays  that  during  the  quarter  ended  December  31,  1897, 
here  were  exported  from  these  islands  to  the  United 
States  and  Great  Britain  216,898  bales  of  hemp 
280  lbs.  per  bale)  of  which  138,792  bales  went  to  the 
Jnited  States  and  78,106  bales  to  Great  Britain. 
During  the  year  1897  there  was  an  increase  in  the 
:xport  of  hemp  from  the  Philippines  to  continental 
iurope  of  19,741  bales;  to  Australia,  2,192  bales  ; to 
3hina,  28  bales ; to  Japan,  2,628  bales,  and  to  the 
Jnited  States,  133,896  bales.  Of  the  total  exports  of 
lemp  from  the  Philippines  for  the  ten  years  ended 


1897,  amounting  to  6,528,965  bales  (914,055  tons) 
41  per  cent,  went  to  the  United  States.  During  the 
same  years  the  Philippine  Islands  exported  to  the 
United  States  and  to  Europe  1,582,904  tons  of 
sugar,  of  which  875,150  tons  went  to  the  United 
States,  666,391  tons  to  Great  Britain  and  41,362  tons 
to  continental  Europe,  showing  that  of  the  total 
exports  more  than  55  per  cent,  went  to  the  United 
States.  In  1896  the  total  imports  into  the  islands 
were  valued  at  _^^2, 100,000,  and  the  exports  at 
;^4,03o,ooo. 


SUGAR  BOUNTY  QUESTION  IN  RUSSIA^ 

In  view  of  the  probability  of  the  question  l)cing 
raised  in  Parliament,  of  the  imposition  of  counter- 
vailing duties  on  sugar  imported  into  England  from 
countries  paying  an  export  bounty  on  sugar,  Consul- 
General  Stew'art,  of  Odessa,  has  recently  reported  on 
the  agriculture  of  Southern  Russia,  and  explains  that, 
though  it  is  generally  supposed  in  England  that 
Russia  does  pay  an  export  bounty  on  sugar  exported 
to  England,  she  really  does  not  do  so.  To  replace 
the  former  sugar  syndicate,  which  no  longer  exists, 
the  Government  has  now  an  office  at  Kieff  which  has 
made  the  following  rules  : — Every  year,  of  the  pro- 
duct of  the  factories,  31,000,000  poods  (9,964,000 
cwts.)  of  sugar  crystals  are  put  aside  for  home  con- 
sumption, and  833,000  cwts.  as  a reserve.  'Whenever 
inland  prices  at  a station  near  Kieff  rise  during  the 
months  from  September  ist  to  the  end  of  August  to 
3jd.  per  pound,  or  from  January  ist  to  the  end  of 
August  to  3|d.  per  pound,  then  so  much  of  the 

833.000  cwts.  of  reserve  are  thrown  on  the  market 
until  the  price  of  sugar  comes  down  to  the  fixed  price. 
All  factories  are  allowed  to  include  about  20,000 
cwts.  in  the  9,964,000  cwts.  allowed  for  home  con- 
sumption ; if  the  quantity  does  not,  at  20,000  cwts. 
per  factory,  amount  to  9,964,000  cwts.,  then  the 
factories  making  more  sugar  than  20,000  cwts.  are 
allowed  to  make  up  pro  rata  from  their  factories  the 

9.964.000  cwts.  required.  Then  the  reserve  stock  of 

833.000  cwts.  is  made  up  pro  rata  from  the  factories 
producing  more  than  20,000  cwts.  The  factories 
producing  more  than  20,000  cwts.  must  export  all 
produce  remaining  on  their  hands  after  the  above 
quantities  have  been  made  up.  If  they  do  not  export 
the  quantities  left  on  their  hands,  instead  of  an  excise 
of  about  3s.  8|d.,  which  is  levied  on  all  sugar,  a 
double  excise  of  3s.  8|d.  additional  will  be  leried  on 
the  quantity  they  should  have  exported,  as  sugar  can 
only  be  exported  abroad  at  a loss,  and  the  single 
excise  which  has  been  paid  on  all  sugar  (though 
returned  on  export)  does  not  covet  the  loss  of  the 
sugar  factories,  the  owners  of  which  often  do  not  care 
to  export  themselves,  but  are  ready  to  pay  merchants 
an  additional  sum  to  cover  the  loss  on  exported  sugar, 
At  present  the  Odessa  merchants  who  will  export 
sugar  are  being  paid  3s.  8|d.  returned  excise,  and  at 
present  the  sugar  factories  pay  them  about  3s.3|d.  in 
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addition,  so  as  to  avoid  the  double  excise.  The  Russian 
Government  do  not  pay  a single  penny  of  bounty  on 
sugar  exported  to  Europe  ; at  one  time  they  paid  a 
bounty  on  sugar  exported  to  Persia  and  Bokhara,  but 
that  is  no  longer  paid.  Comparatively  a few  years 
ago,  it  required  about  13  tons  of  beetroot  to  produce 
a ton  of  beet  sugar,  but  by  careful  cultivation  and  the 
selection  of  seeds  from  only  the  best  sugar- producing 
sorts,  the  quantity  to  produce  a ton  of  sugar  has  been 
reduced  to  from  8|  to  9 tons  of  beetroot. 


Correspondence. 

4 

EVOLUTION  OF  THE  CYCLE. 

In  the  discussion  on  Mr.  Starley’s  interesting 
paper  (i8th  inst.)  on  the  “Evolution  of  the  Cycle,” 
several  suggestions  were  made  as  to  points  of  design, 
and  details  of  construction  which,  if  amended,  might 
contribute  to  the  efficiency  of  the  machine,  the  con- 
venience of  riders,  and  the  profitable  development  of 
the  trade. 

I would  like  to  add  that  the  tubular  frames  now 
generally  used  are  objects  of  suspicion  to  custom- 
house officers  as  possible  receptacles  of  exciseable 
articles  of  small  bulk,  and  that  their  right  of  search 
and  internal  examination,  for  which  no  facilities  have 
hitherto  been  provided,  would,  if  thoroughly  exercised, 
at  least  involve  damage  to  the  machine. 

It  should  concern  makers  to  obviate  any  difficulties 
of  this  nature  which  would  be  very  vexatious,  a 
hindrance  to  travellers  abroad,  and  a check  to  our 
export  trade.  Already  such  cases  are  reported  to 
have  arisen,  and  as  regards  bicycles  for  military  equip- 
ment, it  is  notorious  that  the  tubular  frame  has  been 
used  for  the  concealment  of  despatches. 

Whatever  may  be  the  merits  of  curved  frames — 
and  they  have  been  especially  used  for  ladies’ 
machines — it  is  obvious  that  accidental  distortion  of 
a frame  having  only  straight  members  is  the  more 
readily  detected  and  corrected. 

Arthur  Barclay. 

29,  Gloucester-road,  Kensington,  S.W. 

May  19th,  1898. 


THE  LIFE-WORK  OF  WILLIAM  MORRIS. 

I notice  in  the  able  paper  by  Mr.  F.  S.  Ellis,  in 
the  Journal  of  this  week,  on  “The  Life-Work  of 
William  Morris,”  that  mention  is  made  of  the 
“ Peterhouse  carpets”  as  having  been  designed  by 
him.  As  William  Moms  did  sufficient  fine  original 
work  of  his  own,  his  memory  needs  no  inaccurate 
claim  for  work  which  he  did  not  do.  I,  therefore, 
wish  to  say  that  it  is  incorrect  to  attribute  to  him  any 
influence  on  the  carpets  for  the  combination  and 
djoining  room  of  Peterhouse  College,  Cambridge. 
These  carpets  were  made  from  designs  drawn  by  my 
sister,  Miss  E.  Julia  Robinson,  and  sent  out  by  me  to 
Tanjore,  where  the  carpets  were  made  under  my 
instructions.  They  were  selected  by  the  Rev.  Dr. 


Porter,  Mr.  Scott,  and  myself,  at  a time  when  I was 
intimately  associated  with  this  industry,  with  which  I 
have  long  ceased  to  have  any  connection. 

Vincent  J.  Robinson. 

Hopedene,  Felday,  Dorking. 

28th  May,  1898. 


MEETINGS  FOR  THE  ENSUING  WEEK 

Monday,  June  6... Engineers,  in  the  Theatre  of  the  United 
Service  Institution,  Whitehall,  S.W.,  p.m.  Mr. 
E.  A.  Harman,  “ Gas  Works  Machinery.” 

Chemical  Industry  (London  Section),  Hurlington- 
house,  W.,  8 p.m.  Professor  V.  B.  Lewes,  “The 
Conditions  existing  in  Acetylene  Generators.” 

Surveyors,  12,  Great  George -street,  S.W.,  3 p.m. 
Annual  General  Meeting. 

Geographical,  University  of  London,  Burlington- 
gardens,  W.,  8J  p.m.  Poulett  Weatherley,  “ Cir- 
cumnavigation of  Lake  Bangweulu.” 

Actuaries,  Staples-inn-hall,  Holborn,  5 p.m.  Annual 
Meeting. 

Tuesday,  June  7. ..Royal  Institution,  Albemarle-strect,  W. 

3 p.m.  Prof.  S.  H.  Butcher,  “ Literary  Criticism  ir 
Greece.”  (Lecture  II.) 

Central  Chamber  of  Agriculture  (at  the  House  of 
THE  Society  of  Arts),  ii  a.m. 

Biblical  Archaeology,  37,  Great  Russell-street,  W.C.,] 
8 p.m. 

Zoological,  3,  Hanover- square,  W.,  8J  p.m.  i.  Mr 
L.  A.  Borradaile,  “Some  Crustaceans  from  thf 
South  Pacific.” — Part  II.  Macrura  anovtala.  2 
Mr.  Arthur  E.  Shipley,  “ Report  on  the  Gephyrea 
collected  by  Mr.  J.  Stanley  Gardiner  at  Rotuma 
and  Funafuti.”  3.  Mr.  G.  A.  Boulenger,  “Fourtl 
Report  on  Additions  to  the  Batrachian  Collectior 
in  the  Natural  History  Museum.” 

Wednesday,  June  8 ...  Geological,  Burlington-house,  W. 

8 p.m.  I.  Mr.  C.  Dawson,  “The  Discovery  0 
Natural  Gas  in  East  Sussex.”  2.  Mr.  J.  T 
Hewitt,  “ Note  on  Natural  Gas  at  Heathfielc 
Station,  Sussex.”  3.  Mr.  A.  O.  Shrubsole,  “ Som< 
High-level  Gravels  in  Berkshire  and  Oxfordshire.’ 
4.  Mr.  G.  F.  Franks  and  Prof.  J.  B.  Harrison 
“ The  Glob{gerina-M-2iT\s  of  Barbados,”  with 
an  Appendix  on  the  “ Foraminifera  ” by  Mr.  F. 
Chapman. 

Royal  Literary  Fund,  7,  Adelphi-terrace,  W.C., 
3 P-m. 

United  Service  Instition,  Whitehall,  S.W.,  3I  p.m 
Colonel  Henderson,  “ Strategy  and  its  Teaching.’ 

Royal  Society  of  Literature,  20,  Hanover- square 
W.,  8|  p.m.  Dr.  J.  W.  Knipe,  “ The  Developmen 
of  Literary  Criticism  in  England.” 

Thursday,  June  9. ..Royal,  Burlington -house,  W.,  4^  p.m. 

Antiquaries,  Burlington-house,  W.,  8|  p.m. 

Royal  Institution,  Albemarle-street,  W.,  3 p.m.  Dr 
E.  Klein,  “ Modern  Methods  and  their  Achieve 
ments  in  Bacteriology.”  (Lecture  II.) 

Mathematical,  22,  Albemarle-street,  W.,  8 p.m. 

Friday,  June  10. ..United  Service  Institution,  AYhitehall 
yard,  S.W.,  3 p.m.  Major  Sir  R.  A.  Colleton 
“ Training  of  a Battalion  in  the  Attack.” 

Ro3'al  Institution,  Albemarle-street,  W.,  8 p.m 
Weekly  Meeting.  9 p.m.  Lord  Rayleigh,  “ Somd 
Experiments  with  the  Telephone.” 

Astronomical,  Burlington -house,  W.,  8 p.m. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  W.,  5 p.m. 

Saturday,  June  ii... Royal  Institution,  Albemarle-street,  W. 

3 p.m.  Dr.  R.  Caton,  “The  Temples  and  Ritua 
of  Asklepios  at  Epidamus  and  Athens.”  (Lec- 
ture II.) 
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All  communications  for  the  Society  should  be  add7'essed  to 
the  Secretary,  John-st7-eet,  Adel  phi,  London,  W.C. 

I ~ ^ ^ 

' Notices. 

1 

CON  VERS  A ZIONE. 

The  Society’s  Conversazione  will  take  place 
at  the  Natural  History  Museum,  Cromwell- 
road,  S.W.  (by  permission  of  the  Trustees  of 
the  British  Museum),  on  Wednesday,  22nd  June. 
The  reception  by  Major-General  Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.,  Chairman, 
and  the  other  members  of  the  Council  will 
commence  at  9 p.m. 

The  following  portions  of  the  Museum  will 
be  open  : — On  the  Ground  Floor — the  Central 
Hall,  British  Saloon,  and  Bird  Gallery ; on  the 
First  Floor — the  Fast  and  West  Corridors. 

A selection  of  music  will  be  performed  by 
the  Band  of  the  Royal  Marine  Light  Infantry 
in  the  Central  Hall,  and  by  the  Red  Hungarian 
Band  in  the  Bird  Gallery,  commencing  at 
9 o’clock. 

Each  member  is  entitled  to  a card  for  him- 
self (which  will  not  be  transferable),  and  a 
card  for  a lady.  In  addition  to  this,  a limited 
number  of  tickets  will  be  sold  to  members  of 
the  Society,  or  to  persons  introduced  by  a mem- 
ber, at  the  price  of  5s.  each,  if  purchased  before 
the  date  of  the  Conversazione.  On  that  day 
the  price  will  be  raised  to  7s.  6d. 

These  tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (which  can  be 
obtained  from  the  Secretary)  or  a letter  of 
introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  the  Secretary.  In  all  cases  of 
application  by  letter  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman,  and  must  be  signed 
by  the  member  applying  for  it. 

Light  refreshments  (tea,  coffee,  ices,  claret 
cup,  &c.)  will  be  supplied. 

The  entrance  to  the  Museum  is  in  the 
Cromwell  - road.  Carriages  must  enter  the 


grounds  by  the  east  gate  and  leave  by  the 
west  gate.  The  cards  must  be  given  up  on 
entering  the  Museum. 

Visitors  arriving  or  leaving  by  either  of  the 
Metropolitan  Railways  will  be  allowed  the  use 
of  the  District  Company’s  Subway,  which  leads 
from  the  South  Kensington  Railway  Station 
direct  into  the  grounds  of  the  Museum. 

Fuller  particulars  as  to  the  musical  and 
other  arrangements  wRl  be  given  in  the  Pro- 
grammes which  will  be  distributed  on  the 
evening. 

The  cards  of  invitation  are  now  in  course  of 
issue. 


Proceedings  of  the  Society. 

♦ 

FOREIGN  &>  COLONIAL  SECTION. 

Tuesday  afternoon,  Alay  24,  Sir  Charles 
Malcolm  Kennedy,  K.C.M.G.,  C.B.,  in  the 
chair. 

The  paper  read  was — ■ 

THE  GOLDFIELDS  OF  BRITISH 
COLUMBIA  AND  THE  KLONDIKE. 

By  William  Hamilton  Merritt,  F.G.S., 

Assoc.  R S.M.  &c. 

It  might  be  said,  with  reason,  that  the  actual 
output  of  gold  at  present  in  Western  Canada 
would  hardly  justify  the  time  of  your  Society 
being  taken  up  with  a description  of  gold- 
fields, the  production  of  which  is  small  com- 
pared with  many  others  in  the  world.  Last 
year’s  output  of  gold  from  British  Columbia 
did  not  much  exceed  the  sum  of  ;^500,000,  and 
we  may  add  some  ;^500,ooo  for  the  yield  in  the 
Yukon  district  in  the  north-west  territories, 
making  ;^i,ooo,ooo  (one  million  pounds)  in  all. 
This  total  yield  does  not  much  exceed  that  of 
the  single  state  of  Montana  immediately  south 
of  our  boundary  line,  or  of  South  Dakota  still 
further  south  ; and  it  is  not  one  half  of  the 
yield  of  the  States  of  Colorado  or  California, 
which  are  also  on  the  Pacific  slope. 

It  is  rather  on  the  'wwmtrvsQ.  possibilities  of 
the  western  mountain  ranges  of  British  North 
America  that  I would  dwell,  than  on  the  great- 
ness of  the  present  operations,  though  in  full 
justice  to  the  increase  in  output  in  the  past  two 
or  three  years  they  must  be  considered  as  little 
short  of  remarkable. 

Let  us  turn  to  a map  of  North  America.  We 
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see  that  for  some  1,300  miles  the  great  west- 
ern mountain  ranges  traverse  the  United 
States  after  taking  their  rise  in  Mexico  to  the 
south.  We  then  note  that  they  continue  through 
British  territory  for  some  1,500  miles  until  they 
reach  the  shores  of  the  Arctic.  The  distance 
from  Rossland,  in  British  Columbia,  just  north 
of  the  international  boundary  line,  to  Klondike 
in  the  Yukon  district,  in  the  north  west  terri- 
tories of  Canada,  is  some  1,300  miles. 

It  may  be  claimed  that  mere  acreage  counts 
for  little  from  a mining  point  of  view,  and  that 
miles  of  mountain  ranges  may  mean  nothing 
more  than  scenery.  In  this  case,  however,  it 
has  actually  been  found,  in  a general  way, 
that  wherever  these  ranges  have  been  care- 
fully prospected,  from  mines  worked  in  Mexico 
in  the  south  to  Klondike  in  the  far  north, 
they  have  yielded  metalliferous  material  of 
value. 

We  find  that  the  geological  formation  and 
general  features  are,  broadly  speaking,  identi- 
cal in  the  north  and  in  the  south,  and  that 
the  same  conditions  favourable  to  the  forma- 
tion of  mineral  deposits  exist  in  the  north  as 
are  found  in  the  United  States  to  the  south, 
where  work  in  developed  mining  camps  has 
■opened  up  immensely  remunerative  mining  in- 
dustries. 

Figures  speak  more  forcibly  than  mere 
generalities,  and  though  they  are  held  to  be 
rather  dry,  I shall  trespass  upon  your  patience 
by  giving  you  the  following  yield  in  gold  of 
those  States  which  are  traversed  by  the  western 
mountain  ranges  : — ■ 


1894. 


1895. 


State. 


Montana  .... 

Idaho  

South  Dakota 

Utah  

Nevada  .... 
Colorado 
New  Mexico . 
Arizona  .... 
California  . . 
Alaska 


Fine  ozs. 

Value. 

Fine  ozs. 

Value. 

137,135 

795,900 

198,405 

843,000 

111,687 

475,000 

86,088 

366,100 

187,122 

8 

VO 

o^ 

187,187 

796,100 

54,570 

232,100 

66,419 

282,500 

59,051 

251,100 

75,088 

313,000 

513,571 

2,184,400 

643,634 

3,737,000 

40,128 

170,600 

23,810 

101,200 

96,313 

409,600 

95,072 

430,430 

670,636 

2,852,500 

722,171 

3.071,700 

62,047 

263,900 

78,14  0 

332,500 

Or  from  these  ten  States  there  was  a total 
yield  in  1894  of  1,982,260  ozs.,  of  a value  of 
;^8,430,8oo;  in  1895  of  2,175,014  ozs.,  of  a 
value  of  ;^8,9ii,I3o;  in  1896  a total  yield  of 
some  2,500,000  ozs.,  of  a value  of  over 
;^io,ooo,ooo  ; and  in  1897  some  2,600,000  ozs., 
of  a value  of  about  ;^i  1,000,000. 

As  a further  instance  of  the  highly  mineral- 
ised character  of  these  great  western  zones,  I 
will  give  further  figures  showing  the  yield  in 
the  United  States  of  the  western  mountain 
ranges  in  gold,  silver,  copper,  lead,  and 
mercury  in  the  above-mentioned  ten  States,  in 
order  to  lay  still  further  stress  upon  the  un- 
doubted possibilities  of  the  same  metalliferous 
ranges  in  their  northern  extension  through  a 
still  larger  distance  than  that  which  is  yielding 
such  vast  wealth  each  year  in  its  southern  part. 


Value  of  Yield  (in  dollars)  in  1895. 


Gold. 

Silver. 

Copper. 

Lead. 

Mercury. 

Dols. 

Dols. 

Dols. 

Dols. 

Dols. 

Montana.  

4,101,400 

22,715,600 

19,017,215 

607,724 

— 

Idaho  

1,779,600 

4,021,710 

142,591 

1,961,556 

— 

South  Dakota  

3,869,500 

205,960 

— 

— 

— 

Utah  

1,373,000 

9,655,720 

218,470 

1,940,910 

— 

Nevada  

1,552,200 

1,236,290 

— 

164,146 

— 

Colorado 

13,305,100 

30,252,600 

607,924 

2,913,108 

— 

New  Mexico 

492,200 

898,300 

21,832 

188,480 

— 

Arizona  

1,965,300 

1,275,990 

4,795,355 

127,286 

— 

California  

14,928,600 

845,180 

21,833 

58,838 

1,334,475 

Alaska  

1,615,300 

86,880 

— 

— 

— 

Total 

44,982,200 

71,194,320 

24,825,220 

7,962,048 

1,334,479 

The  grand  total  of  the  above  is  150,298,267  dols. 


It  is  not  my  intention  in  this  paper  to  touch 
on  other  metalliferous  substances  than  gold, 
but  I cannot  resist  the  temptation  of  pointing 


out  that  even  at  the  low  price  of  silver  the 
value  of  the  output  of  that  metal  in  British 
Columbia  has  exceeded  the  value  of  the  gold 
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output  for  the  past  two  years,  and  that  the  out- 
put of  copper  and  lead  is  increasing-  by  leaps 
and  bounds.  Mercury  also  will  play  its  part, 
and  altogether  I believe  it  will  not  be  found 
that  I am  departing  from  facts  when  I venture 
to  predict  that  the  day  will  come  when  the 
general  metalliferous  output  of  the  western 


portion  of  British  North  America  will  rival 
the  enormous  stream  of  yearly  wealth  which 
pours  forth  from  the  mines  on  the  Pacific 
slope  in  the  United  States,  to  which  I have 
just  alluded. 

The  following  Tables  of  the  yield  of  British 
Columbia  speak  for  themselves  : — 


Amount  and  Value  of  Materials  Produced  in  1896  and  1897. 


1896. 

1897,  1 

Increase. 

Quantity. 

Value. 

Quantity.  | 

Value.  1 

Gold,  placer  . . 

Ounces 

27,201 

Dols. 

544,026 

25,676 

Dols.  1 

513,520  1 

Per  cent. 

Gold,  lode 

Ounces 

62,259 

1,244,180 

106,141 

i 2,122,820  ' 

70 

Silver 

Copper 

Lead 

Coal 

Ounces 

1 Pounds 

Pounds 

Tons  (2,240  lbs.) 

3.135,343 

3,818,556 

24,199,977 

894,882 

2,100,689 

190,926 

721,384 

2,688,666 

5,472,971 

5,325,180 

38,841,135 

882,854 

3,272,836 

266,258 

1,390,517 

2,648,562 

75 
40 
' 65 

Coke 

Tons  (2,240  lbs.) 

615 

3,975 

QO^ 

89,155  : 

Other  materials 

•• 

15,000 

1 

151,600 

7,507,946 

10,455,268  i 

The  great  development  in  lode  mining  began  that  year  is  shown  by  the  following  Table,  which 

about  1893,  and  the  rapid  progress  made  since  gives  the  output  of  the  lode  mines  for  6 years: — 


Year. 

Gold  fine  ounces. 

Silver  fine  ounces. 

Copper  pounds. 

Lead  pounds. 

Total  Value. 

'1 892 

1,170 

! 77,000 

808,420 

Dols. 

99,999 

1893 

6,252 

[ 227,000 

.. 

2,135,023 

297,400 

11894 

. . 

1 746,379 

324,680 

5,662,523 

781,342 

h89S 

39,264 

1,496,522 

952,840 

16,475,464 

2,342,397 

1896 

62,259 

i 3,135,343 

3,818,556 

24,199,997 

4,257,179 

1897 

106,141 

5,472,971 

1 

5,325,180 

38,841,135 

7 ,052,43  ^ 

Gold. 

AVith  regard  to  gold  alone.  Years  ago,  as 
tthe  result  of  his  geological  investigation  in 
British  Columbia,  it  was  pointed  out  by  Dr. 
G.  M.  Dawson  that  almost  every  stream  in  the 
province  carried  more  or  less  gold. 

At  the  present  moment  the  localities  that 
are  receiving  the  greatest  amount  of  attention 
are  the  Rossland  Camp,  near  the  international 
boundary  line  in  British  Columbia,  in  the  south, 
and  Klondike,  near  the  Arctic  circle  in  the 
north-west  territories,  in  the  north. 

Strung  out  between  them  are  goldfields 
here  and  there  all  the  way — Lillooet,  Cariboo, 
Cassiar,  and  Yukon.  Though  it  is  not  strictly 
correct  to  say  there  is  gold  everywhere,  yet 
it  must  be  said  that  from  the  international 
boundary  to  the  Arctic,  gold  is  found  occurring 
here  and  there  all  the  way,  enough  to  justify 


one  in  believing  that  there  will  be  no  general 
district  that  will  not  be  a producer. 

The  gold-mining  industry  of  nearly  every 
country  has  started  with  the  discovery  of 
placer-gold,  and  British  Columbia  has  been 
no  exception  to  this  rule. 

The  great  quartz-mining  industries  in  Colo- 
rado, California,  South  Dakota,  cS:c.,  on  these 
metalliferous  ranges  to  the  south,  have  suc- 
ceeded placer  discoveries,  as  in  Australia  and 
most  other  gold-producing  countries.  In  the 
notes  regarding  the  goldfields  of  Western 
Canada,  which  I shall  bring  to  your  attention, 
I therefore  purpose  first  to  treat  of  some  of 
the  facts  connected  with  the  discovery  and 
operations  of  the  placers,  and  afterwards  to 
treat  of  the  lode  mining  which  has  succeeded 
them,  and  which  is  only  just  beginning  to 
assume  importance. 
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Placers. 

It  was  not  long  after  the  great  placer 
excitement  in  1849,  California,  that  the 
discoveries  in  British  Columbia  first  received 
attention.  It  is  reported  that  the  first  actual 
discovery  in  the  province  was  made  by  an 
Indian  woman  in  1851  on  the  beach  at  Gold 
Harbour  on  the  west  coast  of  Queen  Charlotte 
Islands,  A slight  excitement  ensued,  and  a 
couple  of  expeditions  in  1852  realised  a small 
}aeld  from  a 7 -inch  irregular  quartz  vein. 

The  first  report  of  genuine  placer  gold  is 
from  the  agent  of  the  Hudson’s  Bay  Company 
at  Kamloops,  who  bought  it  from  Indians.  In 
1857  some  French  Canadians  and  half-breeds 
found  placer  gold  at  Nicoamen,  nine  miles 
from  the  mouth  of  the  Thompson  River.  Some 
300  ounces  passed  through  the  hands  of  the 
Hudson’s  Bay  Company.  A rush  from  California 
then  commenced,  and  between  March  and 
June,  1858,  over  20,000  persons  arrived  at 
Victoria  by  sea  from  San  Francisco. 

The  hardships  of  the  first  prospectors  in 
almost  every  country  are  very  severe,  and  the 
early  pioneers  of  Cariboo  suffered  much  the 
same  privations  that  are  now  being  experienced 
further  north  in  the  Klondike  goldfield. 

The  laws  of  British  Columbia  relating  to 
mines  and  minerals  have  been  largely  framed 
b)'  men  who  were  among  the  pioneers  of  the 
country,  and  in  them  the  rights  of  the  pro- 
spector are  recognised  better  than  in  most 
countries.  He  can  have  what  he  finds  and 
stakes  off,  and  can  kill  game  for  his  own  use 
whenever  he  may  need  it,  game  laws  and  close 
seasons  notwithstanding. 

The  status  of  the  prospector  in  the  west  is 
well  set  forth  in  Shin’s  “ Story  of  a Mine,”  in 
which  he  answers  the  question  as  to  who  will 
stand  out  in  the  days  to  come  as  the  central 
figure  in  the  story  of  the  great  west.  He 
believes  it  will  not  be  the  sturdy  “bull- 
whacker”  who  steered  the  prairie  schooners 
across  the  “ North  American  Desert,”  nor  the 
picturesque  “ cow-boy  ” with  all  his  dash  and 
devilr}%  but  the  red-shirted  prospector  who  will 
be  looked  back  to  as  he  who  laid  strong  and 
deep  the  solid  metal  formation  on  which  the 
great  western  world  has  grown. 

The  first  work  of  “gold  digging  ” was 
carried  on  on  the  bars  of  the  lower  Fraser 
River,  especially  between  Hope  and  Yale. 
Hill’s  Bar,  just  below  Yale,  is  reported  to  have 
yielded  nearly  a million  dollars,  and  Emery 
Bar,  lower  down,  perhaps  half  this  amount. 
When  the  first  miners  began  to  ascend  the 


Fraser,  the  Indians  of  the  coast,  an  inferior- 
type  of  the  noble  red-man,  became  alarmed 
lest  their  country  should  be  taken  from  them. 
They  inaugurated  a species  of  guerilla  warfare,, 
and,  as  one  of  the  pioneers  expressed  it  to  me, 
“ It  was  a very  gruesome  thing  to  paddle- 
along  the  dark  tree-clad  sides  of  the  rapid 
river,  not  knowing  the  moment  when  a savage 
would  peep  out  from  between  the  thick  foliage, 
and  an  arrow  from  a bow,  or  slugs  from  a 
Hudson  Bay  musket  would  sing  past  your 
ears.” 

This  same  pioneer,  Mr.  Ed.  Stout,  of  Yale, 
still  carries  the  mark  of  an  arrow  through  his 
wrist,  and  some  slugs  deeply  embedded  in  the 
muscles  of  his  chest.  This  state  of  things 
went  on  for  some  time  until  one  morning  the 
bodies  of  five  miners  were  found  in  the  little 
bay  at  Yale,  and  with  them  were  the  corpses 
of  one  or  more  Indians.  At  this  the  miners 
armed  themselves,  took  over  the  hills  past 
the  great  Canyon,  and  carried  by  storm  the 
principal  Indian  village,  sparing  nothing  and 
nobody.  After  this  the  natives  succumbed  to 
the  inevitable. 

In  the  year  1858  the  output  of  gold  started,, 
and  each  month  mounted  up  at  a rapidl}'- 
increasing  ratio — June,  $6,000  ; July,  $45,000  ; 
August,  $45,000  ; September,  $164,000  ; and 
October,  $283,000  ; or  total  for  these  five 
months  of  $543,000.  In  1859,  both  the  miners 
who  had  pushed  their  way  up  the  Fraser,  and 
others  who  had  worked  north  through  interior 
routes,  reached  the  Quesnelle  River,  and,  in 
i860,  rich  diggings  were  found  on  that  river 
and  on  Antler  Creek. 

In  1861,  Williams  and  Lightning  Creeks, 
the  richest  in  Cariboo,  were  discovered.  The 
former  is  stated  to  have  yielded  $19,000,000, 
and  the  latter  $10,000,000.  In  1862,  most  of 
the  other  rich  creeks  were  found.  In  this  year 
a second  influx  commenced,  owing  to  the  rich 
finds  in  Williams  and  Lightning  Creeks ; and 
among  the  expeditions  were  a couple  of  parties 
overland  from  Eastern  Canada  via  the  Red 
River  and  Fort  Quarr}^  (Winnipeg),  the  Little 
Sasketchewan  and  Fort  Ellis,  the  north  branch 
of  the  Sasketchewan,  Fort  Carlton,  Fort  Pitt  and 
Edmonton,  Lake  St.  Ann,  the  Athabaska  River, 
through  the  Rocky  Mountains,  to  the  upper 
part  of  the  Fraser  River  and  Tete  Jaune  Cache. 
At  this  latter  place  the  parties  divided,  one 
going  down  the  Fraser  via  Fort  George  and 
the  upper  canyons  of  the  river  to  the  mouth 
of  the  Quesnelle,  and  the  other  do\Mi  the 
Thompson  to  Kamloops.  The  hardships  of 
these  parties  were  great,  and  six  of  them  lost 
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their  lives.  The  story,  “Overland  to  Cariboo,” 
^s  well  told  by  Mrs.  Archibald  McNaughton, 
of  Quesnelle  Mouth,  whose  husband  was  one 
of  the  party  which  went  down  the  Fraser. 

The  total  yield  of  gold  from  Cariboo  was 
some  $50,000,000,  the  largest  years’  yield  being 
from  1863  to  1868,  when  there  was  an  average 
output  of  over  $3,000,000  a year.  The  yield 
for  the  last  three  years  is  as  follows — • 


1895. 

1896. 

1897. 

Cariboo  : — 

Dols. 

Dols. 

Dols, 

Barkerville  District  . . 

81,000 

82,900 

65,000 

Lightning  Creek  Dist. . 

40,700 

53.000 

25,000 

Quesnelle  Mouth  Dist. 

18,200 

0 

0 

10 

35.000 

Keithley  Creek  Dist.  . 

142,500 

197,050 

! 

200,000. 

Lillooet  

40,663 

33.665 

37.480 

Cassiar 

— 

21,000 

37.060 

As  an  example  of  some  of  the  old-day  yields 
in  Cariboo  we  might  quote  the  yields  on  some 
claims  on  Williams  and  Lightning  Creeks, 
which  w'ere  the  two  richest  creeks  in  the 
district. 

According  to  the  reports  of  the  Gold  Com- 
missioner of  the  district,  Williams  Creek 
and  its  tributaries  yielded  over  $19,000,000, 

Product  for  week  ending 

yy  yy 

y y 


and  Lightning  Creek  and  its  tributaries  some 
$10,000,000,  as  has  already  been  noted.  In 
the  Lillooet  district  Cayoosh  Creek  was  most 
productive,  and  yielded  nearly  a million 
dollars. 

On  Williams  Creek  the  Aurora  and  Cameron 
claims  each  yielded  some  $800,000,  a few 
other  claims  over  half  a million  of  dollars,  and 
a number  from  $200,000  to  $300,000  ; 108 

claims  yielding  $17,355,000,  being  some 
$160,000,  on  an  average,  per  claim. 

On  the  Dillar  claim,  on  April  13th,  1863, 
three  men  washed  up  104  lbs.  (2,080  ozs.)  in 
the  afternoon. 

The  Gold  Commissioner,  Mr.  Bowron,  states 
that  he  has  seen  1,000  ozs.  washed  up  in  the 
Aurora  claim  for  three  days  rim  drifting  under- 
ground. 

On  Lightning  Creek  the  best  week’s  wash- 
ups  were  in  the  Vuncan  claim,  400  odd  ounces  ; 
in  the  Vancouver,  603  ozs.  ; in  the  Victoria, 
964  ozs.,  and  higher  up  stream,  in  the  Van 
Winkle,  1,570  ozs.  from  13  sets  of  timber,  or 
455  square  feet  (viz.,  about  3^-  ozs.  per  square 
foot  of  bed  rock,  or  120  ozs.  per  set),  and  in 
the  South  Wales,  1,000  ozs.  for  the  week 
ending  October  9th,  1871. 

The  best  month’s  yield  in  the  Van  Winkle 
claim  gave  : — ■ 

$15,169-69 
22,106-67 

27. 749*87 

15,790-96 

754-64 

$89,571-83 


for  week  ending  5th  September,  1875 

....  858! 

..  i2th 

....  1,251 

..  19th 

....  L570J 

..  26th  ,, 

8931 

to  September  30th  (4  days),  ,, 

495  J 

Total  for  September,  1875 


These  figures  are  from  the  original  books  of 
the  Van  Winkle  Company,  in  the  possession 
of  the  Gold  Commissioner. 

The  best  pan  (about  20  lbs.)  on  record  on 
the  Creek  was  got  from  favourable  crevices  by 
Harry  Jones  in  the  Van  Winkle,  loi  ozs. 
Other  big  pans  on  record  are  72  ozs.,  and 
numbers  of  30  ozs.  upwards  were  obtained. 

There  is  placer  gold  in  nearly  every  part  of 
the  province,  and  among  the  discoveries  out- 
side of  Cariboo  the  following  may  be  noted. 

In  1863,  in  East  Kootenay,  Wild  Horse 
Creek  was  found  to  be  rich.  This  creek  is  still 
worked,  a plant  for  hydraulic  mining  has 
been  installed  by  an  English  company,  and 
good  results  are  expected.  In  1864,  Leech 
River,  in  the  southern  part  of  Vancouver 
Island,  yielded  some  gold.  In  1865,  the  big 
bend  of  the  Columbia  was  found  to  have  rich 


placers,  and  there  was  a rush  there  in  the 
following  year. 

From  1869  to  1871  the  feeding  creeks  of  the 
Omenica  branch  of  the  Peace  River  were 
worked,  but  abandoned  in  1873  for  the  richer 
placers  discovered  in  the  previous  year  in  the 
Cassiar  district,  where  the  McDame’s  Creek 
in  the  Stickene  district  is  still  worked.  These 
Cassiar  mines  carried  the  miners  into  the 
Yukon,  and  further  north,  in  1880  ; and,  as 
far  back  as  1886,  coarse  gold  was  found  on 
the  Forty-mile  Creek. 

From  1879,  for  the  next  seventeen  years, 
Cayoosh  Creek,  in  the  Lillooet  district,  yielded 
over  $1,000,000  from  its  placer  gold. 

In  1885,  Granite  Creek,  in  the  Similkameen 
i district,  was  found  to  have  rich  placers,  and  a 
j good  deal  of  platinum  was  found  as  well  as 

I .?old. 
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Lately,  in  the  north-west  territories,  the 
tributaries  of  the  Yukon  River,  especially  the 
Klondike  River,  with  the  Bonanza,  Eldorado, 
and  other  creeks,  were  explored  in  1896,  and 
bid  fair  to  establish  an  unprecedented  excite- 
ment and  influx  of  adventurers. 

British  Columbia. — Yield  of  Placer  Gold 
PER  Year  to  Date. 


Dols. 

Dols. 

1858  ... 

1878  ... 

...  1,275,204 

1859  ... 

...  1,615,070 

1879  ..., 

i860  ... 

. . . 2,228,543 

1880  ... 

1861  ... 

1881  ... 

. . . 1,046,737 

1862  ... 

. . . 2,656,903 

1882  ..., 

1863  ... 

...  3,913,563 

1883  ..., 

794,252 

1864  . . . 

. . . 3,735,850 

1884  

736,165 

1865  ... 

...  3,491,205 

1885  .... 

713,738 

1866  ... 

1886  .... 

903,651 

1867  ... 

. . . 2,480,868 

1887  .... 

693,709 

1868  . . . 

...  3,372,972 

1888  ... 

616,731 

1869  ... 

00 

1-^ 

1889  

588,923 

1870  ... 

. . . 1,336,956 

1890  

490,435 

1871  ... 

1891  

429,811 

1872  ... 

. ..  1,610,972 

1892  ... 

399,526 

1873  ... 

. ..  1,305,749 

1893  . . . 

356,131 

1874  ... 

1894  ... 

405,516 

1875  ... 

1895  • . . 

1876  ... 

1896  . . . 

544,026 

1877  ... 

1897  ... 

513,520 

Total..  $59,317,437 


Present  Placer  Operations.— Cariboo 
District. 

The  most  important  operations  in  placer 
mining  in  the  province  of  British  Columbia  are 
being  carried  out  in  the  Cariboo  district.  The 
developments  are  chiefly  in  the  direction  of 
hydraulic  placer  mining,  and  some  of  the 
enterprises  give  promise  of  very  important  out- 
puts of  gold. 

The  largest  operations  are  carried  on  by  the 
Cariboo  Hydraulic  Company,  which  is  working 
an  ancient  river  channel,  occurring  at  a higher 
level  than  the  present  Quesnelle  River,  and 
cutting  it.  This  company  produced  some 
£26,000  in  1896  and  some  £2^,000  in  1897. 
The  face  operated  on  is  about  200  feet  high, 
and  underlying  that  there  is  from  150  feet  to 
100  feet  of  rich  gravel  still  to  be  worked.  As 
the  old  channel  has  been  uncovered  for  some 
1,600  feet  of  its  width,  and  was  some  700  feet 
in  width  of  gravel,  the  immediate  future  possi- 
bilities of  this  claim  are  very  great.  In  fact 


those  interested  have  good  reason  for  the 
belief  that  it  will  prove  one  of  the  greatest 
hydraulic  mines  in  the  world.  The  reason 
that  this  mine,  and  many  other  gravel  benches 
in  the  province  are  not  worked  to  their  full 
capacity,  is  scarcity  of  water.  Enormous 
amounts  of  water  come  down  in  the  early 
summer  when  the  snow  is  melting  in  the 
mountains  and  makes  torrents  in  every  gulch 
and  depression ; then  so  soon  as  frost  comes 
again,  there  is  no  water  coming  from  the 
mountains,  and  creeks  that  were  raging 
torrents  in  the  summer  can  be  stepped  across 
in  the  autumn  and  winter.  The  duration  of 
water  for  hydraulic  placer  operations  is  there- 
fore very  short  in  nearly  every  case  where  the 
source  of  supply  is  not  from  some  river  or  very 
large  lake. 

Extensive  dams  are  therefore  necessary  to 
make  immense  reservoirs  or  to  raise  the  level 
and  restrain  the  outflow  of  mountain  lakes, 
and  ditches  often  have  to  be  made  for  many 
miles  to  bring  the  water  on  to  gravel  banks. 
In  the  case  of  the  Cariboo  Hydraulic  Com- 
pany’s mine,  to  which  reference  has  just  been 
made,  there  are  21  miles  of  ditches,  one  ditch 
being  1 1 miles  in  length,  with  a grade  of  6 feet 
to  the  mile,  and  a cross-section  showing  a 
depth  of  3 feet  and  a width  of  13  feet  and  7 feet 
on  top  and  bottom  respectively.  A ditch  such 
as  this  carries  about  3,000  miners  inches  (4,500 
cubic  feet  per  miner).  The  largest  giants  or 
monitors  at  the  Cariboo  mine  have  nozzles  of 
10  inches  diameter,  and  steel  pipe,  varying  from 
48  inches  to  30  inches  to  24  inches  and  finally  to 
22  inches,  brings  the  water  to  the  monitors  from 
the  ditches.  The  sluices  are  5 feet  wide,  and 
2 feet  deep,  and  from  75  to  80  lbs.  of  mercury 
are  used  per  day  in  the  one  large  pit  when  two 
monitors  are  running.  Since  work  commenced 
in  1894  some  £jo,ooo  have  been  taken  from 
this  mine,  all  of  which  has  gone  into  operating 
and  construction  expenses.  This  will  serve  as 
an  example  of  an  actively  prosecuted  hydraulic 
placer  mining  operation,  of  which  there  are  a 
number  of  smaller  plants  in  Cariboo  district, 
both  in  the  Quesnelle,  the  Horse-fly,  and  the 
Barkerville  district. 

Hydraulic  elevators  are  being  used  at  the 
Ward  mine,  on  the  Horse-fly,  and  the  same 
method  of  raising  the  gravels  will  be  followed 
in  working  the  lower  ground  of  Williams  Creek 
by  the  Cariboo  Gold  Mining  Company.  The 
latter  company  are  installing  two  Campbell 
hydraulic  elevators,  which  will  each  raise  some 
1,200  cubic  yards  of  gravel  per  24  hours  with 
600  miners  inches  (900  cubic  fee-t  of  water  per 
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minute).  A drainage  tunnel,  about  3,000  feet 
in  length,  drains  the  foot  of  the  elevator  shafts  ; 
and  two  sluice  boxes,  each  4 feet  by  4 feet,  with 
riffle  blocks,  situated  88  feet  above  the  elevator, 
will  carry  off  the  raised  gravel.  Fourteen  miles 
of  ditches  have  been  constructed. 

A good  deal  of  work  has  been  done  in  trying 
to  bottom  the  lower  ground  of  rivers  which 
have  paid  handsomely  in  Cariboo.  In  this 
class  of  operation,  the  most  important  are  the 
Willow  River  and  the  Slough  Creek  mining 
operations.  These  are  carried  on  on  modern 
principles  by  locating  the  exact  position  and 
depth  of  the  old  channel  by  hydraulic  boring 
machines,  and  then  sinking  bed-rock  shafts  in 
which  heavy  pumps  are  placed,  and  drifts  then 
run  at  the  proper  level  to  catch  the  old 
channel. 

Another  type  of  placer  work  being  carried 
on  in  the  Cariboo  and  Lillooet  districts  is 
exemplified  by  the  operations  on  the  Quesnelle 
River,  where  the  river  bed  will  be  temporarily 
laid  bare  by  means  of  a dam.  In  Lillooet  a 
company  proposes  to  divert  the  course  of  the 
Bridge  River  by  means  of  a tunnel,  and  thereby 
get  at  the  river  bed. 

Dredging  for  gold  in  these  northern  districts 
has  been  carried  on  in  several  of  the  rivers, 
notably  the  Fraser  and  the  Quesnelle  in  British 
Columbia,  and  in  the  Sasketchewan  in  the 
north  - west  territories.  Operations  of  this 
character  are  being  carried  on  at  this  present 
time  in  some  of  the  localities. 

The  general  experience  has  been  similar  to 
that  of  the  western  United  States,  where 
dredging  has  not  been  satisfactory  from  a 
commercial  point  of  view.  In  view,  however, 
of  the  immense  improvements  made  in  New 
Zealand  in  the  type  of  dredges  used  for  raising 
and  saving  the  gold,  and  disposing  of  the 
large  boulders  generally  associated  with  it,  a 
number  of  new  dredging  schemes  are  con- 
stantly on  foot,  and  it  is  altogether  probable 
that  profitable  dredging  will  be  inaugurated  in 
the  province. 

The  Cassiar  District. 

This  district  is  the  connecting  link  between 
Cariboo  and  Yukon.  Placer  gold  has  been 
mined  there  for  many  years.  It  commenced 
on  the  bars  of  the  Stikine  River  and  later  the 
Dease,  Thibert,  and  McDame  Creeks  gave 
satisfactory  yield,  over  a million  pounds  worth 
of  gold  having  been  taken  from  this  district  in 
the  last  25  years. 

McDame’s  Creek  has  been  worked  up  to  the 
last  few  years.  It  has  produced  from  ;^io,ooo 


down  to  ;^4,ooo  for  the  last  ten  years,  but  may 
now  be  said  to  be  worked  out.  As  the  country 
opens  up  there  is  but  little  question  but  that 
richer  placer  deposits  will  be  found  in  the 
Cassiar  district  than  have  yet  been  discovered. 

The  Omenica  District. 

This  district  may  be  said  to  be  the  northern 
end  of  the  Cariboo  district,  and  has  great 
possibilities.  The  known  yield,  so  far,  has 
been  unimportant. 

Klondike. 

The  most  recent  goldfield  in  western  Canada, 
to  which  men  are  rushing  in  thousands,  coming 
from  almost  every  part  of  the  world,  is  that 
known  by  the  name  of  Klondike,  in  the  Yukon 
district  in  the  north  - west  territories  of 
Canada.  This  district  is  tributary  to  the 
great  Yukon  River  and  covers,  in  a general 
way,  the  territory  south  of  the  Arctic  Ocean 
and  between  the  Mackenzie  River  and  the 
boundary  between  Alaska,  or  United  States 
territory,  and  Canada.  Gold  has  been  known 
on  the  Yukon  River  since  1864,  and  has  been 
worked  intermittently  since  1873.  The  Klon- 
dike is  one  of  the  rivers  which  runs  into  the 
upper  portion  of  the  Yukon  River,  and  Bon- 
anza, Eldorado,  and  other  creeks  whose  names 
are  becoming  familiar  to  all  the  world,  are 
mountain  streams  flowing  down  from  golden - 
ribbed  ranges  into  the  Klondike  River.  These 
latter  were  discovered  to  carry  coarse  gold  in 
1896.  It  has  taken  a good  many  years  to 
reach  the  rich  fountain  head  of  all  the  gold 
which  has  been  found  scattered  far  down  the 
great  Yukon  River. 

The  official  guide  prepared  by  Mr.  Wm. 
Ogilvie  for  the  Dominion  Government  gives 
much  information  relating  to  discoveries  and 
recent  developments  in  this  district,  which  I 
shall  quote  from. 

In  1847,  Fort  Yukon  was  established  at  the 
mouth  of  the  Porcupine  River  (now  in  Alaska), 
and  in  1848,  Fort  Selkirk  was  founded  at  the 
confluence  of  the  Pelly  and  Lewes  Rivers,  both 
by  the  Hudson  Bay  Company.  Early  in  the 
seventies  miners  found  that  bars  on  the  Yukon 
carried  gold,  and  as  they  worked  out  the  lower 
bars,  carrying  fine  gold,  and  ascended  the 
stream  they  found  coarser  gold  and  richer 
bars.  In  1874,  traders  began  to  find  their  way 
up  the  river  to  establish  posts  in  Alaskan 
teiTitory,  and  in  1882  a number  of  miners 
entered  the  country  by  the  Dyea  Pass  ; 
previously  they  had  come  up  the  Yukon  River 
from  its  mouth.  The  hardships  of  the  pioneer 


b$6 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


\_June  10,  i8qP. 


miners  were  very  great.  I have  met  men 
who  had  worked  on  the  placers  along  the 
Yukon,  but  who  had  left  the  country  on 
account  of  the  unbearable  cold,  though  they 
had  made  good  wages.  Still  the  miners  pushed 
on  up  the  great  river,  further  on  each  year, 
getting  heavier  gold  on  the  upper  bars,  until 
in  1886  coarse  gold  was  found  on  the  Forty- 
mile  River,  the  first  tributary  of  the  Yukon 
which  had  been  found  to  yield  it.  The  news 
spread  far  and  wide,  and  from  then  until  the 
richer  Klondike  river  was  struck,  there  has 
been  active  prospecting  on  other  tributary 
rivers  and  creeks.  It  is  stated  that  it  is 
probable  that  in  Canadian  Yukon  territory  we 
have  not  less  than  1,400  miles  of  stream,  upon 
all  of  which  gold  can  be  found.  For  example, 
far  above  the  Forty-mile  and  the  Klondike 
Rivers,  between  Big  Salmon  River  and  Teslin 
Lake,  a party  of  four  miners  took  $ 6,000  from 
Cassiar  bar  in  thirty  days  in  1886.  The  mining 
of  the  deep  ground  on  Forty-mile  River  and  on 
the  bars  on  the  Yukon  and  some  tributary 
streams,  such  as  the  Stewart  River,  continued 
giving  very  satisfactory  yields  during  the  short 
seasons  until  1896,  when  Bonanza  and  Eldorado 
creeks  were  discovered.  A man  named  George 
W.  Carmack  first  “struck  it  rich”  on  these 
creeks,  and  they  were  soon  staked  otf.  Last 
year’s  yield  has  made  them  famous  the  world 
over.  Indian  Creek,  which  flows  into  the  Yukon 
some  25  miles  above  the  Klondike  River,  has 
three  creeks  (Dominion,  Sulphur,  and  Quartz) 
which  yield  handsomely,  as  high  as  $9*0  per 
pan.  They  have  been  staked  off  and  partially 
prospected.  Stewart  River  is  viewed  very 
favourably  as  a prospecting  ground,  owing  to 
the  fact  that  when  first  mined  on,  its  bars 
yielded  as  high  as  $30-0  to  $ioo'0  a day, 
worked  by  a rocker.  It  is  reasonably  ex- 
pected that  creeks  feeding  into  it  will  be 
found  to  be  rich.  Other  rivers  and  creeks 
give  indications  which  lead  Mr.  Ogilvie 
to  believe  some  125,000  square  miles  of  the 
country  is  gold-bearing.  The  Klondike  de- 
posits are  said  to  be  ordinary  typical  placers. 
The  gold-bearing  gravel  is  from  2^  to  5 feet 
deep,  and  the  gold  is  found  in  the  bed-rock 
from  6 to  18  inches.  Above  the  gravel  is  some 
15  feet  of  mud  or  muck.  In  some  places  the 
bed-rock  is  a mica-schist,  in  others  a quartz- 
schistz  mixed  with  slate.  No  quartz  veins  of 
any  value  have  so  far  been  discovered,  but 
stringers  of  quartz  carrying  gold  have  been 
found  in  the  bed-rock.  An  eminent  mining 
engineer,  in  writing  to  the  Engineering  and 
Mining  yournal  of  New  York  from  Dawson 


City,  north-west  territories,  March  4th,  says  ; 
“ This  work  up  here  is  the  worst  in  the  world, 
and  cannot  be  dignified  by  the  name  of  mining. 
The  climate  is  terrible,  but  there  is  plenty  of 
gold  and  work  for  years  in  these  regions.  At 
present  labour  is  6s.  per  hour  ; everything  can 
be  averaged  up  at  about  6s.  per  lb.  Food  is 
scarce,  but  people  will  not  die  from  star\-ation 
this  year,  though  there  is  a pretty  narrow 
escape  from  it.  Cigars  (i^d.  and  2M.  kind) 
are  2s.  ; the  worst  liquor  in  the  world  2s.  a 
glass.  They  figure  on  an  output  of  ;i^3,ooo,ooo 
this  year,  but  the  more  conservative  put  it  at 
£2,000,000.  I think  you  will  see  an  awful 
shrinkage  on  the  known  output  if  the  Canadian 
Government  forces  the  payment  of  10  per  cent, 
royalty  on  the  output  as  proposed.” 

In  1897,  up  to  December  13th,  there  were  on 
record  3,800  claims  in  the  office  of  the  Gold 
Commissioner  for  the  Yukon  district,  65  of 
which  were  quartz  claims.  The  estimated 
yield  of  gold  in  1897  was  about  ^^500, 000. 

Lode  or  Vein  Mining. 

We  now  come  to  the  consideration  of  the 
goldfields  which  are  producing  the  noble  metal 
from  the  solid  rock,  from  veins  or  lodes.  As 
has  already  been  pointed  out  in  the  Table 
which  shows  the  advance  in  output  in  British 
Columbia  in  lode-mining  since  1892,  the 
industry  is  very  new,  but  it  has  increased  with 
astonishing  rapidity  in  the  last  few  years. 

As  already  noted,  in  most  gold-producing 
countries  placer  development  has  preceded 
the  more  permanent  industry  of  continuing  the 
extraction  of  the  precious  metal  from  some  of 
the  veins  which  have  supplied  the  material  to 
make  up  the  placers.  It  is  only  natural,  there- 
fore, that  in  the  placer  districts  men  soon 
commence  to  hunt  in  the  mountains  for  the 
veins  which  supplied  the  rich  placers  in  the 
valleys  below.  Thus  it  has  been  the  case  that 
both  in  Cariboo,  Lillooet,  and  East  Kootenay 
districts,  there  have  been  “quartz  excitements” 
from  time  to  time,  and  we  shall  no  doubt  have 
the  same  thing  occurring  in  the  Klondike  in 
the  near  future. 

In  1877  and  1878,  a good  deal  of  work  was 
done  on  the  veins  in  Cariboo,  but  the  enormous 
difficulties  of  transport  and  low  grade,  or  re- 
fractory character,  of  the  comparatively  few 
veins  exploited  made  the  effort  premature. 
In  these  northern  placer  countries,  prospecting 
for  quartz  veins  is  very,  difficult,  owing  to  the 
enormous  amount  of  gravel,  or  debris,  from 
the  easily  disintegrated  schists.  “Float” 
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from  quartz  veins  is  everywhere,  but  the  veins 
are  seldom  seen  outcropping  on  the  mountain 
sides,  though  constantly  met  with  when  drift- 
ing is  done  on,  or  in,  the  bed-rock  in  the  placer 
workings. 

The  general  geological  features  of  most  of 
the  Northern  British  Columbia  districts  is 
that  comparatively  soft  schists  interlaced  with 
auriferous  quartz  seams  have  been  worn  down 
to  form  the  placers.  Regular  and  well-defined 
: strong  veins  are  found,  but  the  general  charac- 
; teristic  of  the  quartz  is  its  great  irregularity 
and  abundance  in  the  schists.  Therefore,  con- 
ditions occur  where  nature  has  been  able  to 
mill  down  vast  areas  of  this  sort  of  formation 
to  form  rich  placers  when  man  could  not  pro- 
fitably accomplish  the  extraction  of  the  gold 
from  the  matrix  it  occurs  in. 

Another  curious  anomaly  found  m the 
northern  placer  countries  is  that  many  of  the 
veins  instead  of  carrying  the  majority  of  their 
auriferous  value  as  free  gold  have  it  associated 
with  pyrites,  and  only  a comparatively  small 
percentage  can  be  extracted  by  the  ordinary 
process  of  milling  and  amalgamation.  Even 
in  these  cases  it  has  been  found  that  the  gold 
is  satisfactorily  extracted  by  cyanide  or  by 
chlorination ; trials  made  on  some  of  the  ores 
so  far  have  shown  that  the  former  process  is 
the  more  economical. 

However,  there  is  no  question  but  that  strong 
quartz  veins  will  be  found,  or  some  of  those 
already  found  will  be  exploited  in  the  near 
future  in  these  northern  districts.  Also  that 
instances  will  be  found  where  it  will  be  profit- 
able to  mine  and  treat  the  entire  belt  of  quartz 
and  schists  where  the  irregular  condition  above 
alluded  to  occurs. 

The  great  problem  to  be  solved  in  con- 
nection with  the  vein  development  of  these 
northern  districts  is  the  question  of  transporta- 
tion, or  railways,  and  it  is  gratifying  to  note 
that  both  the  Dominion  and  the  British 
•Columbian  Governments  have  adopted  a policy 
which  will  lead  to  the  opening  up  of  these 
districts  in  the  near  future.  Once  railway 
-communication  is  pushed  into  Northern  British 
Columbia,  gold  quartz  mining  will,  with  leaps 
and  bounds,  forge  to  the  front  as  the  most  im- 
portant industry  in  Northern  British  Columbia. 

The  gold  discoveries,  next  in  importance  to 
■the  above-mentioned  placers,  were  those  in  the 
West  Kootenay  district,  in  the  vicinity  of 
Rossland.  At  the  present  moment,  the  import- 
ance of  the  development  accomplished  on  the 
refractory  or  smelting  gold  ores  greatly  exceeds 
that  on  the  free -milling  variety,  therefore  we 


shall  first  consider  some  of  the  facts  in  con- 
nection with  the  smelting  gold  ores. 

Smelting  Ores. 

The  gold  ore  of  the  Rossland  district  is  a 
cupriferous  magnetic  iron  pyrites,  minera- 
logically  known  as  cuprous-pyrrhotite.  The 
decomposition  of  this  gives  rise  to  a red  soil, 
so  that  the  mountain  in  which  the  largest 
deposits  are  found  is  known  as  “ The  Red 
Mountain.”  Romance  hath  it  that  a seeress 
in  the  south  told  some  prospectors  of  this 
mountain,  where  great  riches  in  gold  could  be 
had,  and  that  they  found  the  mountain  and 
found  it  heavily  mineralised ; but  as  they  could 
see  no  visible  gold,  or  pan  out  a long  “ tail” 
of  it,  they  returned  sorely  disappointed.  History 
states  that  large  outcrops  of  galena  were  known 
on  Kootenay  Lake,  but  as  they  ran  low  in 
silver,  they  lay  undeveloped  until,  in  1887  or 
1888,  the  Hall  Brothers,  who  are  half-breeds, 
ran  across  the  large  outcrop  of  the  “Silver 
King,”  a high  grade  silver-copper  ore.  This 
created  an  excitement,  and  prospectors  from 
the  south  came  over  the  international  border- 
line in  considerable  numbers.  In  1889,  Joseph 
Bourgeois  located  the  first  claim  in  the  Ross- 
land gold  district,  the  “ Lily  May.”  The  same 
man  located  the  “Center  Star”  and  “War 
Eagle”  on  the  Red  Mountain,  while  his 
partner,  J.  Morris,  staked  the  “Virginia” 
and  “ Idaho.”  These  men  allowed  Mr.  E.  E. 
Topping  to  stake  the  “ Le  Roi,”  which  they 
also  discovered,  on  his  paying  the  expense  of 
recording  their  claims.  Thus  it  may  be  said 
that  the  mine  that  up  to  the  present  has 
proved  the  most  valuable  lode  mine  in  British 
Columbia  was  virtually  sold  for  “a  mess  of 
pottage.”  The  man  who  has  had  more  to  do 
with  the  preliminary  development  of  the  Red 
Mountain  than  any  other  man  is  Mr.  Oliver 
Durant,  who  first  managed  the  Le  Roi  and 
subsequently  purchased  the  next  mine,  the 
Center  Star,  which  he  is  now  developing. 

This  group  of  mines  on  tbe  Red  Mountain 
at  Rosslanjd  are  of  peculiar  interest.  There  is 
an  amply  verified  adage  that  “ Gold  is  where 
you  find  it,”  and,  like  the  famous  gold-bearing 
conglomerates  of  Africa,  the  Red  Mountain 
gold  veins  are  without  a parallel.  The  ore  is 
virtually  identical  with  the  nickel  ore  found  at 
Sudbury,  in  Ontario,  but  which  carries  only  a 
small  amount  of  gold.  The  form  in  which  the 
two  occur,  however,  is  ver}'  different.  While 
both  occur  in  very  basic  rocks,  the  Sudbury 
ore  being  associated  with  a diorite  and  the 
Red  Mountain  ore  with  a Gabbro,  yet  the 
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Sudbury  ore  occurs  in  masses  and  the  Red 
Mountain  ore  in  well  defined  strong  fissure 
veins  often  with  a banded  central  streak  of 
calcite.  To  give  an  example  of  the  strength 
of  the  fissure  traversing  the  Le  Roi,  Center 
Star,  &c.,  it  might  be  noted  that  in  places  in 
the  Le  Roi  mine  the  ore  body  has  been  ex- 
tracted across  a width  as  great  as  30  feet,  and 
that  the  average  width  of  stoped  ore,  down  to 
the  600  foot  level,  is  12  feet.  At  the  time  of  the 
discovery  of  the  Red  Mountain,  if  one  versed 
in  Canadian  ore  were  shown  a piece  of  the 
pyrrhotite  from  the  outcrop  of  the  Le  Roi,  he 
would  probably  have  expressed  an  opinion  that 
it  might  be  worth  assaying  for  nickel,  but 
that  it  would  be  hopeless  to  expect  to  find 
more  than  a trace  of  gold.  Yet  the  smelter 
returns  have  given  a steady  yield  from 
to  £6  per  ton  in  gold  for  the  last  couple  of 
years,  with  from  i to  3 per  cent,  of  copper  and 
a couple  of  ounces  of  silver.  There  is  a very 
small  proportion  of  free  gold,  the  values  being 
entirely  extracted  by  smelting.  The  only 
gold  smelter  at  present  running  in  Canada 
is  operated  by  the  Canadian  Pacific  Railway 
Company  at  Traill  on  the  Columbia  River,  just 
below  the  town  of  Rossland.  The  product  is  a 
gold-copper  matte,  which  is  exported  for  the 
final  extraction  of  the  gold,  copper,  and  silver, 
chiefly  to  Butte,  Montana. 

To  the  west  of  Rossland,  large  areas  of 
greenstone  rocks  contain  a large  amount  of 
mineralisation,  especially  along  the  lines  of 
contact  with  limestone  bands.  This  condition 
of  things  is  well  developed  in  the  Boundary 
Creek  district,  and  particularly  in  the  vicinity 
of  Greenwood  Camp.  There  is  every  reason 
to  believe  that  large  bodies  of  copper-gold  ore 
will  be  developed,  but  most  of  the  finds  so  far 
are  of  a low  grade,  and  much  interest  is  being 
taken  in  treating  the  ores  to  extract  the  values. 
The  Canadian  Pacific  Railway  is  soon  to  build 
a branch  line  from  Rossland  to  Penticton,  at 
the  foot  of  Okanagan,  which  will  pass  through 
the  Boundary  district. 

Free  Milling  Gold  Ores. 

The  free-milling  ores  of  British  Columbia 
have,  as  yet,  not  been  developed  to  any  ex- 
tent. At  Camp  McKinney,  in  the  southern 
O’Kanagan,  a fine  vein,  averaging  about  4 feet 
in  width,  has  been  mined  for  four  years.  The 
present  small  ten  stamp  mill  is  to  be  enlarged. 
The  ore  runs  some  $17-00  in  gold  values, 
chiefly  obtainable  on  the  plates. 

The  Fairview  camp,  some  25  miles  west  of 
the  above  place,  has  also  yielded  good,  free- 


milling  ore.  At  this  place  there  are  severai 
systems  of  veins,  the  strongest  running  in  a, 
band  of  schistose  quartzite,  for  a couple  otj 
miles,  beside  a great  granite  mass.  Highi 
grade  ore  has  also  been  mined  in  veins  found 
in  the  granite. 

The  ore  shoots  in  this  camp,  while  carrying 
values  from  $6- 00  to  $30*00  have  so  far  not 
been  found  very  liberally  distributed,  but  mining 
development  on  a more  extended  scale  than 
hitherto  attempted,  will  probably  open  up  areas 
of  pay  ore  which  have  not  yet  been  discovered. 
Two  stamp  mills  have  so  far  been  erected  in 
this  locality,  one  ten  and  the  other  sixteen 
stamps. 

In  the  West  Kootenay  district,  near  Nelson, 
a vein  has  been  worked  at  the  “ Poorman 
mine  ” since  1890,  therefore  it  can  claim  to  be 
the  pioneer  free-milling  enterprise  of  southern 
British  Columbia.  The  value  of  the  ore  is  said 
to  be  some  $i6-oo,  and  the  ore  is  milled  in  a 
ten-stamp  mill,  run  by  water  power.  Some 
;^20,ooo  has  been  produced  by  this  small  mill. 
More  recently,  the  Fern  mine,  in  the  same  dis- 
trict, has  yielded  some  7|-dwt.  from  the  plates 
of  its  ten-stamp  mill,  and  dwt.  from  its  con- 
centrates, or  a total  value  of  9 dwt. 

Also,  all  reports  from  the  Athabaska  mine 
on  Toad  mountain  are  very  encouraging,  so 
that  it  can  properly  be  said  that  while  the 
developments  thus  far  have  not  yet  yielded 
such  large  returns  from  the  free  milling  as 
from  the  smelting  ores  of  southern  British 
Columbia,  yet  there  is  every  reason  to  expect  a 
large  and  permanent  gold-milling  industry  in 
many  places  in  British  Columbia. 

Ultimately,  there  can  be  no  question  what- 
ever about  the  fact  that  large  operations  on 
free-milling  quartz,  as  well  as  smelting  ores, 
will  be  carried  on,  but  the  policy  of  opening 
the  country  by  railways  has  a very  close  con- 
nection with  this,  as  well  as  all  other  classes  of 
mining  development.  Only  in  very  exceptional 
cases  will  satisfactory  developments  be  sus- 
tained without  railway  communication,  and  on 
the  other  hand,  the  railway  will  inaugurate 
such  immense  mineral  development  that  it  will 
pay  handsomely  all  interests  connected  with 
both  enterprises,  viz.,  the  railway  and  the 
mineral  interests.  In  this  connection,  it  is 
gratifying  to  note  that  both  of  the  great 
political  parties  appear  to  be  a unit  on  this 
most  important  matter,  and  seem  alive  to  the 
necessity  of  a vigorous  policy  to  open  up  the 
great  mineral  belts  by  railway  communication. 

In  conclusion,  with  regard  to  the  general 
natural  conditions  affecting  the  mining  ia- 
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iustry  in  British  Columbia,  it  can  be  stated 
T»ost  emphatically  that  they  are,  on  the  whole, 
'emarkably  favourable.  There  is  ample  timber 
ihroughout  the  whole  country.  As  a rule,  there 
is  abundance  of  water,  though  in  some  parts 
Df  the  dry  belt  in  southern  British  Columbia 
water  is  scarce,  and  in  the  extreme  north  the 
shortness  of  the  summer  season  makes  the 
supply  variable.  The  climate  in  the  southern 
part  of  British  Columbia,  where  the  major  part 
of  the  mining  operations  are  now  carried  on,  is 
delightful.  In  the  valleys  fruits  of  nearly  every 
isort  can  be  cultivated  profusely,  and,  even  as 
'far  north  as  the  Peace  River  valley,  cereals  can 
; be  raised  in  abundance.  A more  healthy  and 
vigorous  class  of  humanity  it  would  be  difficult 
to  find  than  those  who  are  met  with  in  the 
country,  who  have  lived  there  for  many  years, 
and  who  in  their  own  parlance  are  known  as 
“ old-timers.” 

! The  above  facts,  taken  in  consideration  with 
[the  development  which  was  pointed  out  in  the 
first  part  of  this  paper,  establish  the  enormous 
value  of  these  great  metalliferous  ranges  to 
I the  south  in  the  United  States,  and  lead  to 
jthe  inevitable  conclusion  that  it  is  merely  a 
question  of  search,  development,  and  railway 
communication  to  make  the  province  of  British 
Columbia  and  the  north-west  portion  of  the 
north-west  territories  of  Canada,  one  con- 
itinuous,  great  mining  camp  for  nearly  1,500 
j miles  in  length,  and  one  of  the  greatest  pro- 
Iducers  of  the  world’s  supply  of  gold,  silver, 

' copper,  lead,  and  perhaps  mercury. 


DISCUSSION. 

The  Chairman,  in  proposing  a vote  of  thanks  to 
the  reader  of  the  paper,  said  : — It  seems  to  me  that 
the  first  impression  on  hearing  Mr.  Merritt’s  interest- 
ing and  exhaustive  paper  is  that  it  contains  a very 
impartial  and  sober  statement  of  the  subject  with 
which  it  deals.  He  is  an  authority  on  those  questions 
as  eminent  as  any  person  who  has  spoken  or  written 
on  them  ; and  in  thanking  him  for  his  paper  we  may 
express  our  regret  that  he  is  unable  to  be  present 
to-day.  The  Dominion  of  Canada  is  gold-producing 
from  east  to  west,  as  well  as  from  north  to  south. 
But  it  is  to  be  borne  in  mind  that  these  gold-pro- 
ducing districts  are  as  yet  imperfectly  explored,  and 
consequently  imperfectly  developed.  In  the  first 
place,  therefore,  several  cautions  should  be  kept  in 
view  both  by  investors  and  by  those  who  look  after 
the  interests  of  investors.  A district  may  be  said, 
truly,  to  be  gold  producing,  but  various  points  have 
to  be  considered  in  connection  with  proposed  mining 
operations  in  it.  A district  as  a whole  may  be  rich 


in  gold,  but  it  does  not  by  any  means  follow  that 
every  part  of  it  is  so.  It  is  quite  uncertain  what 
quality  or  quantity  of  ore  may  be  found  in  any  par- 
ticular “ claim.”  This  ore  may  not  l>e  of  sufficient 
value  to  defray  working  exj)c*nses.  Reefs  var)’,  not 
only  in  thickness  but  also  in  depth ; and  even  when 
the  lode  runs  on  continuously,  the  quality  may  vary. 
Workings  as  yet  have  only  in  a few  instances  been 
carried  on  upon  a large  scale.  Surface  working  an<l 
mining  operations  in  the  first  stage  are  of  value  as  far 
as  they  go,  but  they  are  not  conclusive  as  to  ultimate 
results.  Care  must  be  taken  to  ascertain  that  the 
titles  to  particular  “claims”  are  valid.  In  addition 
to  these  matters  of  detail,  it  is  to  be  remembered  that 
in  many  localities  in  British  North  America  there  are 
difficulties  of  travelling  and  transport,  besides  natural 
disadvantages  from  the  physical  geography  and 
climate  of  that  part  of  the  continent.  Smelting  and 
stamping  works  are  much  wanted.  Great  vicissitudes 
have  attended  the  efforts  of  individuals  : those  who 
succeed  give  favourable  accounts,  which,  as  passed  on 
by  their  hearers,  become  exaggerations  ; those  who 
fail  or  suffer  much  hardship,  dwell  on  the  difficulties 
of  the  way  and  give  a bad  character  of  the  land.  On 
the  other  hand,  the  Times  of  the  4th  and  nth 
instant,  and  the  Canadian  Gazette  of  the  5th  and 
1 2th  instant,  report  lectures  by  Mr.  William  Ogilvie, 
of  the  Survey  Department  of  Canada,  in  which  he 
said  that  “of  the  128,000  square  miles  comprising 
the  Yukon  district,  125,000  are  more  or  less  gold- 
bearing  ; ” and  that  “hundreds  of  millions  of  dollars 
would  be  got  out  of  the  Yukon  district  during  the 
next  two  or  three  generations.”  {Times,  !May  ii, 
1898.)  It  may  be  further  remarked  that  while,  as 
Mr.  Ogilvie  says,  none  of  the  quartz  reef  so  far 
located  have  assayed  very  high,  yet  they  are  extensive. 
Mr.  Merritt  points  out  that  the  jnogress  of  chemical 
science  is  likely  to  prove  an  important  factor  in  British 
North  America,  by  bringing  into  use  new  processes, 
which  will  make  practicable  the  working  of  lower 
quality  ores.  In  course  of  time,  therefore,  working 
grounds  which  at  present  do  not  defray  the  expenses 
of  mining  operations,  may  become  moderately 
remunerative.  The  owmers  of  properties  are  apt  to 
attach  too  high  a value  to  them.  The  more  prudent 
course  is  to  take  up  mines  which  are  so  far  developed 
that  under  ordinary  conditions  mining  science  warrants 
expectations  of  good  results  from  the  indications 
which  they  afford.  A partially-opened  mine  which 
fulfils  these  conditions  is  a better  investment  than  a 
mine  which  has  been  already  fully  worked.  Mr. 
Merritt  adverts  to  the  case  of  the  Le  Roi  mine, 
yet  a mine  of  this  position  must  stand  dearer 
in  the  money  market  than  one  equal  to  it  in 
real  value,  although  not  yet  develoj>ed  to  the 
same  extent.  In  regard  to  all  mining  operations 
in  British  North  America  it  is  important  to  note 
that  there  is  no  danger,  such  as  that  which  exists  in 
South  Africa,  from  the  presence  of  a krge  native 
population.  The  natives  are  not  numerous  and  are 
not  hostile.  Great  successes  cannot  reasonably  be 
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-expected  at  the  commencement  of  operations.  Know- 
ledge of  partially-explored  districts  has  to  be  obtained, 
tmd  experience  must  be  acquired  of  the  operations  to 
d>e  conducted  over  these  areas.  Discoveries  are  to  be 
looked  for.  The  location  of  the  mother-lode  Mr. 
Ogilvie  says  {Canadian  Gazette,  May  12th,  1898)  has 
yet  to  be  discovered.  And  over  many  portions  of  the 
vast  territories  of  the  Dominion  of  Canada  there  is, 
in  the  words  of  Mr.  Bryce  with  regard  to  South 
Africa,  the  great  natural  excitement  of  opening  up  a 
perfectly  new  country  with  all  its  undeveloped  and 
•undefined  possibilities.  The  promoters  of  develop- 
ment enterprises  provide  the  means  which  are 
absolutely  necessary  for  occupying  new  districts  in 
British  ten-itories.  Neglect  effectively  to  occupy 
■such  localities  has  given  rise  to  many  serious  inter- 
national disputes.  Accordingly,  the  promoters  of 
these  undertakings  do  not  merely  serve  private  or 
selfish  interests.  In  making  investments  of  this 
nature,  which  demand  every  good  wish  for  substantial 
returns  to  the  investors  themselves,  they  likewise 
serve  to  a great  extent  important  public  interests, 
which  advance  and  secure  the  welfare  of  the  British 
colonial  empire. 

Mr.  J.  Lowles,  M.P.,  said  he  regretted  not  to 
have  heard  the  whole  of  Mr.  Merritt’s  paper,  but 
when  in  Canada  he  heard  nothing  but  good  of  him, 
both  as  an  expert  mining  engineer,  and  as  a man  who 
was  careful  not  to  overstate  his  case,  or  speak 
•extravagantly  of  the  mineral  resources  of  the  country 
he  had  examined.  Having  seen  with  his  own  eyes 
something  of  the  vast  potentialities  of  this  great 
auriferous  region,  he  could  say  that  he  thought  in 
that  respect  it  was  second  to  none  of  our  great 
British  colonies.  It  was  true  there  were  great  draw- 
backs, and  especially  the  rigorous  character  of  the 
winter,  which  he  could  speak  of  from  experience, 
having  travelled  over  the  Rockies  in  the  snow  a few 
months  ago.  He  could  only  say  that  the  way  in 
which  those  man-ellous  animals,  the  cayuches,  carried 
u load  of  15  stone  to  an  elevation  of  some  5,500  feet, 
over  almost  inaccessible  paths,  where  an  ordinaiy 
horse  would  have  been  of  no  use  at  all,  was  marvellous, 
nnd  he  felt  very  much  inclined  to  bring  one  home 
with  him  as  a memento  of  what  the  native  animals 
could  endure.  On  another  occasion  he  had  a journey 
of  something  over  150  miles  from  Ashcroft  to  a point 
on  the  Fraser  river  by  sleigh,  and  when  half  way  they 
were  caught  in  a heavy  snowstorm,  and  turned  over 
into  a drift  where  they  had  to  remain  five  hours,  and 
he  feared  at  one  time  he  should  never  see  his  home 
again.  The  pioneers  of  this  industry  had  enormous 
diffidulties  to  contend  with.  Not  long  ago  he  had 
■the  privilege  in  that  room  of  paying  his  tribute  to  the 
great  debt  which  the  empire  owed  to  its  hardy  sons, 
who  went  out  with  their  lives  in  their  hands  to  open 
up  fresh  territories,  and  provide  wider  fields  for  the 
profitable  employment  of  labour,  and  he  regarded 
these  new  discoveries  as  coming  at  a most  oppor- 
tune time,  for  anyone  who  studied  figures  must 


see  that,  although  there  was  a constant  increase 
our  labouring  population,  the  avenues  for  emplc| 
ment  at  home  were  getting  narrower  and  narrow  1 
every  day.  He  was  sorry  to  say  that,  according 
the  Board  of  Trade  returns,  there  was  a tendenc! 
apparently,  to  import  increasing  quantities  of  mair 
factured  goods  from  our  Continental  neighbours,  a; 
so  to  practically  cut  the  ground  from  under  the  fc| 
of  our  artisan  population  at  home.  He  therefi 
looked  on  these  new  developments  as  likely  to  gi, 
an  outlet  for  surplus  labour.  It  was  also  a hope! 
sign  that  there  seemed  an  increasing  disposition  (| 
the  part  of  emigrants  to  go  to  colonies  under  t 
British  flag,  rather  than  to  territories  under  the  fl: 
of  other  nations,  a disposition  which  ought  to 
encouraged ; and  papers  such  as  this  of  Mr.  Merriti 
could  not  fail  to  atti'act  intending  emigrants  to  tl 
new  field,  where  such  vast  potentialities  existei 
From  all  he  had  seen,  he  believed  that  as  the  sj 
tematic  prospecting  of  these  great  auriferous  are 
went  on,  the  capital  of  British  investors  would  l( 
attracted  ; and  he  thought  if  this  were  done  with  d^ 
caution,  it  would  be  a great  advantage  to  have  t' 
security  of  the  British  flag  and  British  laws,  and 
would  all  tend  to  the  opening  up  and  strengthenii, 
of  the  British  Empire. 

General  Cameron  said  he  knew  something  abo 
Canada,  and  could  confirm  all  that  had  been  said 
the  paper.  In  reference  to  some  remarks  of  tlj 
previous  speaker,  he  might  point  out  that  it  was 
misconception  to  speak  of  Canada  as  a country  whi( 
was  always  covered  with  snow.  Any  mountaino' 
country,  the  Alps,  or  Himalayas,  or  anywhere  els| 
were  not  suitable  for  cross-country  excursions  in  tl 
winter  season,  but  roads  were  being  made  in  tl 
region,  and  from  Ashcroft  there  was  a very  goci 
road,  along  which  a stage  coach  ran  as  well  as 
would  in  England.  But  in  \rinter,  in  a mountaino 
country,  no  matter  what  the  latitude,  there  was  su 
to  be  snow,  and  communication  must  be  difficu. 
The  summer  was  superb,  particularly  in  the  southe 
parts  of  British  Columbia,  and  there  was  eveiythir^ 
to  invite  the  settler.  There  was  beautiful  scener 
rich  land,  abundant  minerals,  fine  grazing  territoi 
and  everything  to  make  the  place  inviting,  eminent 
so  on  the  eastern  slopes.  On  the  western  side  yc 
came  across  to  the  Pacific,  and  no  doubt  shortly  tl: 
whole  commerce  of  the  eastern  part  of  Asia  would  1 
coming  across  there,  and  be  forwarded  by  tl 
Canadian  and  Pacific  line.  His  knowledge  of  Canaq 
extended  back  to  1867,  and  not  long  after  he  ran  son 
600  miles  of  the  boundary  line  westward  to  the  Rod 
Mountains  when  there  was  not  a white  inhabitai 
from  Winnipeg  and  the  lake  system  of  Canada  to  tl 
Rocky  Mountains.  Now  the  whole  area  was  dottc 
over  with  towns  and  settlements,  not  only  on  tl 
plains,  where  a man  had  simply  to  drive  his  plou^ 
and  set  out  Ihs  crop,  but  in  the  mountains  also  ci\ 
lisation  was  advancing  as  they  were  opened  up  I 
the  railways.  The  photographs  Avhich  had  been  placq 
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)n  the  screen  showed  what  an  attractive  country  it 
,vas,  in  spite  of  the  difficulties  which  no  doubt  must 
)e  encountered  in  the  winter  season.  No  doubt  the 
.vinter  temperature  was  low,  but  it  was  not  un- 
lealthy ; he  had  camped  out  there  in  the  open  with 
he  temperature  at  40°  below  zero,  due  precaution 
)eiiig  taken  to  wear  suitable  clothing.  In  1872, 
le  was  out  with  a party  of  British  engineers,  with 
)nly  canvas  tents,  but  being  properly  clad,  they  were 
ible  to  work  in  the  open  with  the  temperature  of 
-50°,  though  an  United  States  party,  not  so  well 
prepared,  had  to  retire  into  winter  quarters,  the 
Englishmen  doing  their  work  as  well  as  their  own. 

I During  the  whole  three  years  they  lost  only  three 
I men  out  of  a large  party,  one  death  being  accidental. 
With  regard  to  mining,  it  had  come  to  his  knowledge 
that  westward  from  the  Rossland,  extensive  outcrop 
af  rich  gold  and  silver  bearing  quartz  had  been  found. 
With  regard  to  railway  communication,  the  Canadian 
snd  Pacific  line  would  connect  Rossland  with  the 
Pacific,  but  there  was  a United  States  company 
trying  to  work  in  and  out  along  the  boundaiy  line 
:n  what  he  thought  was  somewhat  unfair  competition. 

I He  did  not  see  why  a line  should  be  subsidised  to 
(;arry  the  ores  away  to  be  smelted  in  the  United 
States,  these  ores  ought  to  be  treated  in  our  own 
;erritory. 

Captain  Adams  (Midway,  British  Columbia)  said, 
as  an  acquaintance  of  Mr.  Merritt,  he  was  glad  to  be 
ffile  to  express  his  gratification  at  the  accuracy  of  the 
nformation  conveyed  in  the  paper,  so  well  illustrated 
3y  the  typical  views  of  the  sceneiy.  He  might  point 
Dut  that  in  the  early  stages  of  mining  operations 
mow  was  found  of  great  advantage.  On  many  of 
hese  mountain  roads  a horse  could  only  carry  about 
^Solbs.,  and  it  was  therefore  veiy  difficult  to  get  the 
)re  away  and  to  get  up  supplies ; but  in  the  winter 
I ime  a ton  of  ore  could  be  wrapped  up  in  raw  hide 
(md  one  horse  would  take  it  down  the  mountain  on 
I he  snow ; sometimes  he  sat  down  on  it  and  had  a 
).lide,  but  at  any  rate  he  got  it  down,  and  thus  the 
I ost  of  transport  was  much  reduced.  In  a little  while 
|)eople  got  used  to  the  conditions,  and  managed  to 
Ivork  in  spite  of  the  climate.  He  had  been 
j)perating  a mine  which  was  closed  up  in  Novem- 
ber with  snow  slides,  but  he  found  men  willing 
o go  up  to  a height  of  7,000  feet  to  blast  out 
I he  rocks,  and  they  built  a cabin  in  the  mouth  of 
I he  tunnel,  and  there  they  lived  all  winter  working 
I he  mine.  They  got  used  to  it,  and  in  time  seemed 
1 0 like  it ; there  was  a romance  about  it,  and  the  hope 
)f  immense  success  seemed  to  lead  them  on.  As  to 
ailways,  it  was  of  great  importance  to  encourage 
I ransport,  because  there  were  immense  bodies  of  low 
Lnade  ore  which  could  not  be  worked  except  under 
he  most  favourable  conditions.  It  was  important  that 
jmelters  should  be  built,  and  that  railroads  should 
borne  to  them.  They  all  appreciated  the  patriotic 
lientimentof  having  roads  in  their  own  country,  but 
jie  had  been  connected  for  many  years  with  a district 
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just  on  the  boundary  line,  and  he  had  given  the 
settlement  the  name  of  Aliflway,  as  the  fence  was  on 
the  boundary  line,  and  he  hoped  some  day  they  might 
have  a grand  gathering  there  to  bring  alx)ut  that 
reciprocity  which  they  all  hoped  wouM  eventually 
exist  between  the  United  States  and  tianada.  'Hie 
Americans  had  offiered  to  build  a railway  there  with- 
out a subsidy,  but  the  tiovemment  were  so  j)atriotic 
that  they  said  no,  they  would  wait  until  the  Canadian 
line  came.  That  was  a very  beautiful  sentiment,  but 
some  of  them  who  were  growing  old  thought  they 
would  just  as  soon  make  a little  money  before  they 
died,  by  the  aid  of  American  railways,  as  leave  it  tf^ 
future  generations  to  make  money  from  Canadian 
sources.  They  thought  if  people  were  willing  t»- 
build  railroads  for  nothing,  they  should  not  be  too 
particular  about  the  flag  under  which  it  ran.  In 
conclusion,  he  said  it  was  very  pleasant  to  those 
engaged  in  these  undertakings,  to  have  them  explained 
and  made  interesting  in  London,  the  centre  of  the 
financial  world,  because,  after  all,  the  capitalist  was 
as  necessary  as  the  prospector;  if  not  more  so.  It 
was  well  said  that  mines  were  made,  not  found,  anrl 
money  was  needed  to  make  them. 

General  Cameron  said  he  had  a letter  from  a 
leading  civil  engineer  informing  him  that  an  important 
British  link  of  railway  on  the  southern  boundary  of 
British  Columbia  would  be  completed  in  1900;  in 
fact,  it  was  thoroughly  understood  that  ver\’  shortly 
there  would  be  British  rail  connection  between  Ross- 
land and  the  Pacific. 

The  vote  of  thanks  was  then  put,  and  carried 
unanimously. 


Miscellaneous. 

♦ 

THE  USES  OF  FLOUR  TV  CHINA. 

Although  rice  is  generally  regarded  by  the  Chinese 
as  the  staff  of  life,  a large  quantity  of  wheat  has  been 
used  from  the  most  ancient  times,  and  in  the  earlie^t 
classifications,  wheat  is  mentioned  as  one  of  the  five 
grains.  In  the  northern  provinces,  where  rice  is  not 
growm,  and  can  only  be  purchased  by  the  well-to-do, 
wheat  is  the  most  common  cereal,  but  it  is  of  very 
poor  quality.  The  wheat  is  ground  by  a verv-  primi- 
tive process.  The  mill  consists  of  two  large  stones 
which  are  turned  by  the  aid  of  a blindfolded  mule.. 
The  flour  is  coarse  and  dark,  chiefly  used  in  the  forni 
of  vermicelli,  and  when  steamed,  makes  a good  sub- 
stitute for  rice,  and  Avhen  mixed  with  a little  broth, 
flavoured  with  a dash  of  soy,  it  forms  a verx’  savoury 
dish.  To  use  the  Chinese  term,  they  are  the  “sus- 
pended” and  the  “dropped;”  the  fonner  is  the 
true  vermicelli,  the  manufacture  of  which  is  a common 
sight  in  many  northern  villages,  where  strings  of  the- 
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paste,  fastened  at  the  ends  of  two  light  sticks,  are 
suspended  before  the  doors  of  the  cottages  even  in 
the  main  streets.  The  chopped  vermicelli  is  made  by 
rolling  out  the  dough  and  cutting  it  into  thin  strips 
with  a knife  fastened  to  the  board  like  a straw 
chopper.  The  United  States  Consul-General  at 
Shanghai  says  that  wheat  flour  is  also  used  for 
making  rolls  which  are  lightened  with  leaven,  and 
these  are  cooked  by  steaming,  as  are  the  many  varieties 
ot  patties  containing  minced  meat,  molasses,  or  a 
kind  of  jam.  The  steamer  consists  of  sieves,  fitting 
tightly  one  upon  another,  which  are  covered  and 
placed  over  the  kettle  in  which  the  meat  or  other  food 
is  being  cooked.  The  ordinary  Chinese,  whether  in 
city  or  village,  takes  his  breakfast  at  the  tea-house  or 
restaurant.  It  consists  almost  entirely  of  these  meat 
rolls  or  patties ; the  latter  are  dipped  in  vinegar,  soy, 
or  a solution  ot  red  pepper  when  eaten.  Sometimes 
the  steamed  rolls,  after  they  have  grown  old,  are  made 
palatable  by  being  toasted  on  a grill  over  a charcoal 
fire.  Another  popular  dish  is  dough  nut  fried  in  oil. 
Baking  is  almost  entirely  unknown,  but  there  is  a 
cake  of  the  size  and  shape  of  an  ox  rib  which  is  baked 
by  being  struck  on  the  inside  of  a jar-shaped  furnace 
on  which  there  is  a hot  charcoal  fire.  These  cakes 
are  sometimes  circular,  but  in  every  case  they  are 
covered  wdth  the  seeds  of  the  sesame  which  add  very 
much  to  the  flavour.  Another  variety  is  a large  round 
cake  cooked  on  a griddle,  and  which  is  divided  into 
quarters  when  offered  for  sale.  The  Mohammedan 
Chinese  make  a similar  cake,  of  which  they  are  veiy 
fond,  without  using  any  pork  fat.  For  the  better 
quality  of  native  pastry  and  confectionery,  rice  flour  is 
used,  but  at  the  treaty  ports  and  the  cities  to  which 
foreign  influence  has  extended  many  fonns  of  sweet 
cake  and  biscuit  are  made  of  American  flour. 


COAL  PRODUCTION  IN  THE  ALPES 
MARITIMES. 

The  construction  of  the  Sud  de  France  Railways 
has  opened  up  the  question  of  the  extraction  for  com- 
mercial purposes  of  the  lignites,  which  exist  to  a 
large  extent  in  the  Nice  Alps.  Their  existence  has 
been  known  for  many  years;  in  1831,  the  French 
geologist,  de  ViUeneuve,  considered  they  belonged  to 
the  cretaceous  period,  owing  to  an  outcrop  apparently 
■conforming  with  a bed  of  gault.  This  opinion  was 
also  held  as  late  as  1876  by  Monsieur  Camere, 
mining  engineer,  and  author  of  a geological  map  of 
the  district.  Mr.  Vice-Consul  Jerome  states  that 
there  are  small  beds  of  tertiary  lignites  in  the  im- 
mediate neighbourhood  of  Nice,  but  there  is  little 
doubt  that  the  carboniferous  beds,  which  are  the 
object  of  the  French  Government  concessions  of 
Coursegoules,  Carros,  Le  Broc,  Tendon,  &c.,  belong 
geologically  to  the  same  series  as  the  Lettenkohle,  or 
Kohlen-Keuper,  of  Wurzburg,  Tubingen,  and  Lor- 
raine ; like  these  they  belong  to  trias,  are  below  the 
lias,  and  above  an  oolitic  formation,  existing  among 
beds  known  in  France  as  niarnes  irisees,  or  marnes 


bariolees,  with  gypsum.  The  analysis  of  the  Lorraii 
Lettenkohle  shows  it  to  be  of  a very  poor  and  impu]| 
nature,  wdiereas  in  the  Nice  district,  judging  from  til 
reports  of  the  Government  engineers,  the  lignites  a 
of  sufficiently  good  quality  to  enable  them  to  be  use 
for  most  purposes.  Still  this  analysis  show's  them  1 
be  far  inferior  to  the  lignite  of  the  Forest  1 
Dean,  but  as  Professor  D.  T.  Ansted  remarke 
in  a lecture  on  coals  and  lignites  in  1865,  that  even 
tertiary  deposits  a fair  coal  may  exist,  such  as  that  ■ 
Zsil  in  Transylvania,  the  geological  position  may  nc' 
always  be  a criterion  by  which  one  can  judge  ' 
quality.  There  is  one  peculiarity  in  the  bituminov 
deposits  of  the  Nice  Alps  in  w'hich  they  differ  fro 
most  lignites,  that  is  to  say  the  bed  of  coal  seen 
continuous  over  an  area  of  several  square  miles.  T1 
soundings  made  at  Coursegoules,  Vence,  Caros,  I 
Broc,  Tendon,  Reveset,  Seros,  as  w'ell  as  on  the  oth 
side  of  the  Var  to  the  north  of  Puget  Theniers,  sho 
the  deposits  or  strata  to  be  of  a more  or  less  unifor 
nature,  viz.,  tw'O  main  seams  of  workable  coal 
lignite.  In  a report  on  the  concession  of  Carre 
an  engineer  estimated  that  it  w'ould  yield  i,ioo,0( 
tons  of  fuel.  This  concession  is  in  close  proximi 
to  the  Nice-Grasse  line  of  the  Sud  France  Railwa 
and  a branch  line  could  be  run  into  the  mine  itst 
should  it  ever  be  w'orked.  It  is  not  to  be  supposed  th 
even  if  these  mines  are  w’orked,  that  they  would  mu( 
affect  the  importation  of  English  coals  to  Nice,  unle 
sold  at  a very  low  price,  and  even  then  the  lignit 
could  never  be  used  for  gas-making  purposes,  b 
where  they  could,  and  probably  would,  be  much  us( 
would  be  in  connection  with  the  cement-producii 
clays  and  marls  of  Saint  Martin  du  Vars,  in  whii 
district  the  manufacture  of  plasters  and  cements 
expected  to  attain  considerable  proportions. 


Correspondence. 

♦ 

THE  LIFE-WORK  OF  WILLIAM  MORRl 

Though  the  matter  is  of  such  small  importance 
to  be  scarcely  worth  discussing,  yet  inasmuch  as 
Vincent  Robinson  charges  me  with  making  “ inacc 
rate  claims  ” on  behalf  of  William  Morris,  “ for  wo 
which  he  did  not  do,”  I feel  bound,  in  self-defence, 
say  that  having  obtained  a reference  to  the  books 
Messrs.  Morris  and  Company,  I find  that  my  memo 
was  not  at  fault  in  the  matter,  and  that  I made  il 
“ inaccurate  claim.”  A carpet,  to  which  the  name 
“Peterhouse”  was  given,  was  supplied  to  the  Rf 
Dr.  Porter,  April  21,  1885. 

I do  not  see  why  Mr.  Robinson  should  ft; 
aggrieved  or  slighted  because  I did  not  refer  to  1 
Peterhouse  carpets.  Even  if  I had  heard  of  them,i 
was  surely  no  part  of  my  business  to  refer  to  them 
connection  with  someone  else’s  work. 

F.  S.  ELLIS.j 

Cockington,  Torquay.  ' 
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Notes  on  Books. 

♦ 

Catalogue  des  Tableaux  de  Maitres  Anciens 
ET  Modernes  des  Ecoles  Flamande,  P'ran^aise, 
Hollandaise,  &c.,  et  des  Tapisseries,  &c.,  com- 
posant  le  Musee  forme  a Anvers  par  M.  Edouard 
Kums.  Mai,  1898.  410. 

This  is  a handsomely  printed  catalogue  of  a well- 
known  collection  of  paintings,  fully  illustrated  with 
reproductions  of  the  chief  pictures.  The  collection, 
which  consisted  of  161  lots,  was  sold  at  Antwerp  last 
month,  and  realised  a total  of  over  1,300,000  francs. 
The  first  lot  was  a signed  picture  by  Corot  (Le 
Matin),  which  sold  for  27,000  francs.  No.  14, 

Meissonnier,  Le  Fumeur  Blanc,  which  was  not  in 
good  condition,  fetched  20,000  francs;  No.  15, 
Millet,  La  Porteuse  d’Eau,  68,000  francs ; No.  72,  a 
portrait  of  Martin  Pepyn  by  Vandyck,  1632,  60,000 
francs.  This  picture  was  sold  with  the  collection  of 
AVilliam  II.,  King  of  Holland,  in  1850,  for  ^^358. 
No.  77,  Le  Calvaire,  attributed  to  Memling,  30,oco 
I francs  ; No.  82,  portrait  of  Theophraste  Paracelse  by 
, Rubens,  24,000  francs.  This  sold  in  the  Blenheim 
I Palace  sale,  in  1886,  for  125  guineas,  when  it  was 
stated  to  be  the  copy  of  a picture  by  Mabuse.  No. 
99,  Cuyp,  Paturage,  28,000  francs.  This  was  sold  a 
few  years  ago  by  Mr.  Martin  Colnaghi  for  ;^6o. 


Catalogue  d’une  remarquable  Collection  de 
Tableaux  Anciens  provenant  de  M.  J.  G.  David 
et  d’un  autre  Amateur.  Bruxelles,  Mai,  1898.  4to. 
A collection  of  93  pictures  by  Breughel,  Honthorst, 
Jordaens,  Weenix,  Wouvermans,  &c.  Among  them 
i were  several  English  pictures,  as  a portrait  of  Jonathan 
Shipley,  Bishop  of  St.  Asaph,  by  Mathew  Brown  ; 
portrait  of  a lady  by  Cotes,  &c.  The  catalogue  is 
illustrated  by  photographs  of  many  of  the  pictures. 


Classics  for  the  Million.  By  Henry  Grey, 
London.  John  Long,  1898.  Small  8vo. 

This  small  volume  contains  an  epitome  of  the 
' works  of  the  principal  Greek  and  Latin  authors, 
l)eginning  with  Homer  and  ending  with  Lucian 
I among  the  Greeks,  and  beginning  with  Plautus  and 
I ending  with  Quintilian  among  the  Latin  authors. 
' In  an  Appendix,  Mr.  Grey  gives  the  names  of  the 
' principal  English  translators  of  each  author. 

^ .Spons’  Architects’  and  Builders’  Price-Book, 
with  useful  Memoranda  and  Tables.  By  W. 

, Young,  Architect,  London,  1898.  Small  8vo. 
i It  is  not  necessary  to  say  much  in  praise  of  a book 
, that  has  passed  through  twenty-five  editions,  as  this 
I fact  alone  is  sufficient  to  prove  that  the  book  has  been 
received  with  general  favour.  This  handbook  is 
divided  into  two  parts,  and  the  matter  is  arranged  in 
each  in  alphabetical  order.  A chapter  on  electricity, 

I with  complete  specifications  and  estimates  of  electric 


lighting  installations  carried  out  by  the  author,  has 
been  added,  and  room  has  al.so  been  found  for  extra 
divisions  on  concrete,  fireproof  floors,  and  granite. 


Obituary. 


Sir  Robert  Rawlinson,  K.C.B.— The  Society 
of  Arts  has  lost  an  eminent  and  most  active  meml>er 
in  the  person  of  Sir  Robert  Rawlinson,  who  died  on 
Tuesday,  31st  ult.,  at  his  residence,  ii.  The  Bolton^, 
South  Kensington.  Sir  Robert  w’as  elected  a memlx  r 
in  1855,  and  occupied  a seat  on  the  Council  from 
1872  to  1875,  and  again  from  1877  to  1879.  In  1880 
he  was  elected  a Vice-Pre.sident,  which  office  le 
again  held  from  1883  to  1885,  ^^om  1888  to  1892. 
His  first  paper  before  the  Society  was  read  on 
February  3,  1858,  the  subject  being  “ House  Accom- 
modation : its  social  bearing  individually  and  nation- 
ally.” The  Earl  of  Shaftesbury  was  the  chairman  cn 
this  occasion,  and  he  spoke  in  high  terms  of  praise  ( f 
Mr.  Rawlinson,  and  of  his  own  pleasure  in  having 
been  as.sociated  with  him  for  many  years  in  works  of 
improvement  such  as  were  described  in  the  paper. 
In  March,  1862,  he  read  a paper  on  the  “ Sewering 
of  Towns  and  Draining  of  Houses,”  and  in  1877  he 
presented  a paper  to  the  Society’s  Domestic  Economy 
Congress  on  “ Buildings  for  Working  Men.”  Sir 
Robert  Rawliiison’s  most  important  communication 
was  read  in  December,  1889,  and  was  on  “London 
Sewerage  and  Sewage,”  the  discussion  on  this  paper 
being  adjourned  to  a subsequent  meeting.  In  addition 
to  these  papers,  he  was  a constant  speaker  at  the 
meetings,  especially  when  sanitary  subjects  were  dis- 
cussed, and  he  also  frequently  acted  as  chairman. 
He  took  an  active  part  in  the  discussions  at  the 
Sanitary  Conferences  of  the  Society — Sewage,  1876, 
1878  ; National  Water  Supply,  1878  ; Water  Supply, 
Sewage,  and  Health,  1879  ; Water  Supply,  1884. 

Rawlinson  was  born  at  Bristol  on  February  28th, 
1810,  and  at  the  age  of  21  he  entered  the  office  of 
Jesse  Hartley,  engineer  of  the  Liverpool  docks,  as  a 
measurer  of  masonry.  In  1836  he  was  in  the  service 
of  Robert  Stephenson  as  assistant  resident  engineer 
on  the  section  of  the  London  and  North-Western  main 
line  at  Blisworth.  In  1840  he  returned  to  Liverpool 
as  assistant  surveyor  to  the  Corporation,  and  it  was 
here  that  he  turned  his  energies  to  sanitary  engineering, 
to  which  subject  he  henceforth  devoted  his  life  with 
such  signal  success.  He  proposed  in  1846  to  supply 
Manchester  and  Liverpool  with  water  brought  by  an 
aqueduct  from  Bala  Lake  in  North  Wales.  It  is,  how- 
ever, pointed  out  in  The  Times  that  he  was  not  neces 
sarily  an  advocate  of  other  schemes  of  supply  from  the 
same  source,  as  from  his  address  to  the  Institution  of 
Civil  Engineers  it  appears  that  he  was  indisposed  to 
exchange  the  Thames  for  a tract  of  Welsh  moor  as  a 
source  from  which  to  provide  London  with  water. 

On  the  passing  of  the  Public  Health  Act  of  1848, 
Mr.  Rawlinson  was  one  of  the  first  inspectors 
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appointed.  One  of  the’ chief  works  of  his  life  was 
undertaken  when  he  was,  appointed  in  1855,  by  Lord 
Palmerston’s  Government,  one  of  three  Commissioners 
to  proceed  to  the  Crimea  to  improve  the  condition 
of  the  soldiers.  Not  only  were  the  Commissioners 
instructed  to  use  the  utmost  expedition  in  examining 
into  the  causes  of,  and  finding  remedies  for,  the 
unhealthy  state  of  camp  and  hospital,  but  they  were 
ordered  to  see,  either  personally  or  through  their 
agents,  that  works  considered  necessary  were  im- 
mediately begun,  and  to  superintend  their  progress 
day  by  day  until  they  were  finished.  The  sending  of 
Rawlinson  to  the  Crimea,  and  the  large  powers  given 
to  the  Commission,  were  largely  owing  to  the  lively 
interest  which  Lord  Shaftesbury  took  in  the  im- 
provement of  the  conditions  in  which  the  British  army 
were  placed.  So  great  was  the  effect  of  the  action 
of  the  Commission,  that  from  about  42  per  cent,  in 
February,  the  death-rate  fell  to  about  2\  per  cent, 
at  the  end  of  June.  During  this  arduous  time, 
Rawlinson  was  in  constant  communication  with 
Miss  Nightingale.  The  result  of  the  labours  of  the 
Commission  has  been  to  permanently  reduce  the 
annual  mortality  of  the  British  Army. 

The  next  great  work  which  Mr.  Rawlinson  under- 
took was  at  the  time  of  the  Cotton  Famine  in  1863, 
when  he  and  Mr.  Farnell  were  despatched  to  Lan- 
cashire to  inquire  into  the  feasibility  of  a proposal  to 
start  works  of  “ utility,  profit,  and  ornament,”  in 
order  to  provide  employment  at  a fair  wage  for  the 
starving  workers.  After  visiting  and  inspecting  ninety 
of  the  principal  places,  Mr.  Rawlinson  reported  that, 
in  his  opinion,  ^1,500,000  sterling  might  be  expended 
in  peiTnanent  improvements  of  a beneficial  character, 
such  as  main  sewerage,  drainage,  forming  and  com- 
pleting streets,  making  new  water-reservoirs,  and 
laying  out  parks  and  recreation-grounds.  In  con- 
sequence of  this  report,  the  Treasury  authorised  the 
advance  out  of  the  Consolidated  Fund  of  a sum  not 
exceeding  ^1,200,000,  at  3|-  per  cent,  on  the  security 
of  the  local  rates,  to  facilitate  the  execution  of  the 
public  works  suggested.  The  experiment  succeeded, 
and  Mr.  Rawlinson  computed  that  if  all  the  streets 
and  roads  in  Lancashire  that  were  at  this  time  sewered, 
drained,  paved,  and  generally  improved  were  added 
end  to  end  they  would  form  a roadway  400  miles  long. 
In  this  undertaking  _^i,850,ooo  was  spent.  In  re- 
cognition of  his  services  Mr.  Rawlinson  was  made  a 
C.B.  in  1865.  On  the  constitution  of  the  Local 
Government  Board  he  became  chief  engineering  in- 
spector, and  in  retiring  from  the  post  in  1888  he  was 
created  a K.C.B.,  having  been  knighted  six  years 
previously.  He  acted  as  Chairman  of  the  Royal 
Commission  on  the  Pollution  of  Rivers  in  1866,  and 
serA^ed  on  the  Commission  which  inquired  into  the 
sanitary  condition  of  Dublin  in  1879.  1^94 

was  elected  President  of  the  Institution  of  Civil 
Engineers. 

Sir  Robert  Rawlinson  took  much  interest  in  art, 
especially  in  architecture.  When  he  was  assistant- 
suiweyor  to  the  Corporation  of  Liverpool  he  was 


brought  into  contact  with  H.  L.  Elmes,  architect  of 
St.  George’s-hall,  and  he  designed  and  constructed 
for  that  great  hall  the  hollow  brick  ceiling  which  is 
said  to  be  one  of  the  lightest  works  of  the  kind  in 
existence.  He  possessed  a fine  collection  of  pictures 
and  water-colours,  and  was  a collector  of  Chinese 
ivories,  &c. 


General  Notes. 

^ 

International  Congress  of  Applied  Chem- 
istry.— The  Department  of  Science  and  Art  has 
received  through  the  Foreign- office  infonnation  that 
the  Third  International  Congress  of  Applied  Chem- 
istry will  be  held  at  Vienna  from  the  28th  July  to  the 
2nd  August  next. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  June  13... United  Serv-ice  Institution,  “Whitehall, 
S.W.,  3 p.m.  Captain  Lushington,  “A  Reason- 
able System  of  Coast  Defence.” 

Tuesday,  June  14. ..London  Chamber  of  Commerce  (In- 
corporated!, 10,  Eastcheap,  E.C.,  p.m.  Mr. 
W.  F.  Wenyon,  “British  Trade  in  South  China 
(South  of  the  Yangtsze).” 

Medical  and  Cbirurgical,  20,  Hanover- square,  “W., 
p.m. 

Colonial  Inst.,  TYhitehall-rooms,  'Whitehall-place, 

S. W.,  8 p.m.  Lord  Brassey,  “Recent  Social 
and  Political  Progress  in  Victoria.” 

Asiatic,  22,  Albemarle-street,  W.,  4 p.m. 
“Wednesday,  June  15... Meteorological  (in  the  Rooms  of  the 
Royal  Astronomical  Society,  Burlington  - house, 
W.),  4I  p.m.  I.  Mr.  R.  C.  Mossman,  “Frequency 
of  Non-Instrumental  Meteorological  Phenomena 
in  London  with  different  Winds  from  1763  to  1897.” 
2.  Mr.  A.  Lawrence  Rotch,  “ Progress  of  the 
Exploration  of  the  Air  by  means  of  Kites  at  Blue- 
hill  Observ’atory,  Mass.,  U.S.A.” 

Microscopical,  20,  Hanover- square,  W.,  p.m. 

1.  Exhibition  of  Sponges,  by  Mr.  B.  W.  Priest. 

2.  Mr.  F.  W.  Millett,  “ Report  on  the  Foraminifera 
of  the  Malay  Archipelago  ” (continuation). 

Patent  Agents,  19,  Southampton-buildings,  W.C., 
3 p.m.  Annual  General  Meeting. 

Thursday,  June  16.. .Royal,  Burlington-house,  W.,  4I-  p.m. 
Antiquaries,  Burlington-house,  W.,  8|  p.m. 

Linnean,  Burlington  - house,  W.,  8 p.m.  i.  Mr. 
Miller  Christy,  “ Observations  on  the  Seasonal 
Variations  of  Elevation  in  a Branch  of  Horse 
Chestnut  Tree.”  2.  Mr.  G.  H.  Carpenter,  “Pan- 
topoda  collected  by  Mr.  W.  S.  Bruce  in  the 
neighbourhood  of  Franz  Josef  Land.”  3.  Mr.  J. 
E.  Duerden,  “ Morphological  Relationships  of  the 
Actiniaria  and  Madreporaria.”  4.  Dr.  C.  T. 
Forsyth  Major,  “Some  Fossil  Leporines.” 
Chemical,  Burlington-house,  W.,  8 p.m.  i.  Dr.  G. 

T.  Moody,  “ Preparation  of  a Standard  Acid  Solu- 
tion by  direct  Absorption  of  Hydrogen  Chloride.” 
2.  Messrs.  J.  A.  Gardner  and  G.  B.  Cockburn,  [a) 
“Researches  on  the  Terpenes.  III. — Halogen 
Derivatives  of  Fenchene  and  their  Reactions  ; ” {h} 
“ Researches  on  the  Terpenes.  IV. — “ The  Oxida- 
tion of  Fenchone.” 

Historical,  28,  Jermyn- street,  S.W.,  8|  p.m. 
Numismatic,  22,  Albemarle-street,  W.,  7 p.m. 
Friday,  June  i7...Quekett  Microscopical  Club,  20,  Hanover- 
square,  W.C.,  8 p.m. 
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FRIDAY,  JUNE  17,  1898. 


All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  W.C. 


Notices. 


ANNUAL  GENERAL  MEETING. 

The  Council  hereby  ^ive  notice  that  the  One 
Hundred  and  Forty-fourth  Annual  General 
Meeting  for  the  purpose  of  receiving  the 
Council’s  Report  and  Treasurers’  Statement  of 
receipts,  payments,  and  expenditure  during  the 
past  year,  and  also  for  the  election  of  officers 
and  new  members,  will  be  held  in  accordance 
with  the  By-laws  on  Wednesday,  29th  June, 
at  4 p.m. 

(By  order  of  the  Council), 

Henry  Trueman  Wood, 

Secretary. 


CONYERS  A ZIONE. 

The  Society’s  Conversazione  NiW.  take  place 
at  the  Natural  History  Museum,  Cromwell- 
road,  S.W.  (by  permission  of  the  Trustees  of 
the  British  Museum),  on  Wednesday,  22nd  June, 
The  reception  by  Major-General  Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.,  Chairman, 
and  the  other  members  of  the  Council  will 
commence  at  9 p.m. 

The  following  portions  of  the  Museum  will 
be  open  : — On  the  Ground  Floor — the  Central 
Hall,  British  Saloon,  and  Bird  Gallery ; on  the 
First  Floor — the  East  and  West  Corridors. 

A selection  of  music  will  be  performed  by 
the  Band  of  the  Royal  Marine  Light  Infantry 
in  the  Central  Hall,  and  by  the  Red  Hungarian 
Band  in  the  Bird  Gallery,  commencing  at 
9 o’clock. 

Each  member  is  entitled  to  a card  for  him- 
self (which  will  not  be  transferable),  and  a 
card  for  a lady.  In  addition  to  this,  a limited 
number  of  tickets  will  be  sold  to  members  of 
the  Society,  or  to  persons  introduced  by  a mem- 
ber, at  the  price  of  5s.  each,  if  purchased  before 


the  date  of  the  Conversazione.  On  that  day 
the  price  will  be  raised  to  7s.  6d. 

These  tickets  will  only  be  supplied  to  persons 
presenting  members’  vouchers  (which  can  be 
obtained  from  the  Secretary)  or  a letter  of 
introduction  from  a member. 

Members  can  purchase  these  additional 
tickets  by  personal  application,  or  by  letter 
addressed  to  tlie  Secretary.  In  all  cases  of 
application  by  letter  a remittance  must  be 
enclosed.  Each  ticket  will  admit  one  person, 
either  lady  or  gentleman,  and  must  be  signed 
by  the  member  applying  for  it. 

Light  refreshments  (tea,  coffee,  ices,  claret 
cup,  &c.)  will  be  supplied. 

The  entrance  to  the  Museum  is  in  the 
Cromwell  - road.  Carriages  must  enter  the 
grounds  by  the  east  gate  and  leave  by  the 
west  gate.  The  cards  must  be  given  up  on 
entering  the  Museum. 

Visitors  arriving  or  leaving  by  either  of  the 
Metropolitan  Railways  will  be  allowed  the  use 
of  the  District  Company’s  Subway,  which  leads 
from  the  South  Kensington  Railway  Station 
direct  into  the  grounds  of  the  Museum. 

Fuller  particulars  as  to  the  musical  and 
other  arrangements  will  be  given  in  the  Pro- 
grammes which  will  be  distributed  on  the 
evening. 

The  cards  of  invitation  have  been  issued  to 
members. 


MEDALS. 

The  Council  have  awarded  the  Society’s 
Silver  Medal  to  the  following  readers  of  papers 
during  the  Session  1897-98  : — 

To  Prof.  James  Douglas,  for  his  paper  on  the 
“Progress  of  Metallurgy  and  Metal  Mining  in 
America  during  the  last  Half  Century.” 

To  Samuel  Rideal,  D.Sc.,  for  his  paper  on 
“ The  Purification  of  Sewage  by  Bacteria,” 

To  Captain  B.  F.  S.  Baden- Powell,  for  his 
paper  on  “Kites:  their  Theory  and  Practice.” 

To  Prof.  J.  A.  Ewing,  F.R.S  , for  his  paper  on 
“Linde’s  Method  of  Producing  Extreme  Cold  and 
Liquefying  Air.” 

To  Prof.  Silvanus  P.  Thompson,  F.R.S.,  for 
his  paper  on  “ Telegraphy  Across  Space.” 

To  Miss  Clive-Bayley,  for  her  paper  on  “ The 
Revival  of  Hand-loom  Weaving.” 

To  J,  K.  Starley,  for  his  paper  on  “ The  Evolu- 
tion of  the  Cycle.” 

To  Herbert  jMills  Birdwood,  C.S.I.,  M.A., 
LL.D.,  for  his  paper  on  “The  Plague  in  Bombay.” 
To  Henry  Luttman-Johnson,  I.C.S.,  for  his 
paper  on  “ The  Earthquake  in  Assam.” 
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To  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.,  for  his  paper  on  “ Chartered  Com- 
panies and  Colonisation.” 

To  Nevile  Lubbock,  for  his  paper  on  “The 
West  Indies  and  Sugar  Bounties.” 

To  J.  Hungerford  Pollen,  for  his  paper  on 
“ Renaissance  Woodwork  in  England.” 

To  Sir  E.  Maunde  Thompson,  K.C.B.,  for  his 
paper  on  “ English  Art  in  Illuminated  MSS.” 

The  thanks  of  the  Council  were  also  voted 
to  the  following  members  of  the  Council : — 

To  R.  Brudenell  Carter,  F.R.C.S.,  for  his 
paper  on  “Children’s  Sight.” 

To  Captain  W.  de  W.  Abney,  C.B.,  F.R.S., 
for  his  paper  on  “Photography  and  Colour  Printing.” 
To  Lewis  Foreman  Day,  for  his  paper  on  “The 
I^Iaking  of  a Stained  Glass  Window.” 


CEYLON  TEA-BOX  WOODS. 

By  Frederick  Lewis,  F.L.S., 

Assistant  Conservator  of  Forests,  Ceylon, 

The  increasing  export  of  tea  from  Ceylon, 
which  must  now  be  regarded  as  having  more 
than  fully  taken  the  place  of  the  island’s  former 
’staple — coffee,  has  developed  a correspond- 
ingly large  trade  in  woods  suitable  for  the 
manufacture  of  boxes  for  the  packing  and 
transport  of  the  prepared  article.  Some  notion 
of  the  volume  of  wood  required  yearly  may  be 
arrived  at  from  the  fact  that,  assuming  all  the 
tea  exported  from  the  island  to  be  packed  in 
100  lb.  chests,  the  total  number  of  chests  for 
one  year’s  export  alone  would  be  over  a million, 
or,  roughly  speaking,  upwards  of  18,000,000 
superficial  feet  of  planking. 

Of  this  vast  quantity,  for  some  years  past  a 
great  proportion  of  the  wood  has  come  from 
Japan,  as  both  planters  and  merchants  found  by 
experience  that  the  Japanese  tea  box  was  not 
only  very  neat,  but  it  had  the  superior  advan- 
tage over  the  locally  made  article,  in  possess- 
ing greater  equality  of  weight.  The  import- 
ance of  the  last  consideration  cannot  be  too 
highly  valued  by  the  planter,  as  fiuctuation  of 
weight  would  in  all  cases  lead  to  the  contents 
of  the  box  being  emptied  out  and  re-weighed, 
for  obvious  reasons  ; entailing  not  only  addi- 
tional cost  and  delay,  but  a serious  loss  by 
waste. 

London  importers  also  raised  objections  to 
certain  Ceylon  wood  packages  on  the  grounds 
of  “ tainted  teas,”  implying  thereby  that  the 
teas  themselves  had  acquired  a taint  from 
the  smell  of  the  outer  wood  package,  notwith- 
standing the  fact  that  between  the  wood  and 


the  tea  itself  is  an  air-tight  envelope  of  lead. 
A still  further  objection  was  raised,  that  certain 
woods  corroded  the  lead  lining,  and  introduced 
poisonous  matter. 

It  is,  perhaps,  foreign  to  the  purpose  of  this 
paper  to  enter  into  any  discussion  as  to  the 
merits  of  the  above  objections,  as,  unfortu- 
nately, those  most  interested  accept  as  final 
what  is  told  them  by  their  London  constituents. 

Now  that  the  importation  of  tea-box  wood 
has  declined  from  Japan,  owing  to  the  late 
Chino-Japanese  war,  the  demand  in  Ceylon  for 
local  woods  for  cases  at  once  increased,  and 
the  demand  for  soft  light  woods  rapidly  began 
to  manifest  itself.  The  trade  is  practically 
in  native  hands,  and  for  this  reason  the  planter 
is  often  placed  at  a serious  disadvantage,  as 
he  is  absolutely  ignorant  of  the  extent  of 
seasoning  his  packages  have  received,  and 
very  frequently  is  equally  ignorant  as  to  the 
materials  themselves. 

The  trader  is  interested  chiefly  in  obtaining 
woods  that  are  light,  and  these  he  buys  from 
people  who  have  wood  for  sale  ; and  so  long 
as  these  will  Jloat,  the  log  dealer  will  invariably 
find  a ready  sale  for  his  produce,  no  matter  if 
it  is  composed  of  all  sorts,  or  of  wood,  green 
or  dry.  It  will  be  further  understood  that 
the  log  dealer — for  so  he  is — buys  his  wood 
wherever  he  can  get  it  near  navigable  streams, 
and  as  these  are  very  subject  to  periods  of 
flood,  as  well  as  periods  of  non-navigability, 
it  follows  that  he  must  often  be  for  months 
unable  to  move  his  wood,  during  which  time  it 
has  either  stranded  in  the  stream,  or  in  the 
forest  just  as  it  was  felled.  Such  conditions 
are  not  conducive  to  improved  seasoning;  and, 
naturally,  wood  exposed  in  this  m.anner  to 
tropical  atmospheric  changes  cannot  but  suffer 
in  turn.  It  is,  moreover,  remarkable  that 
tropical  soft  woods  are  much  more  easily 
affected  than  woods  imported  from  temperate 
zones.  Finally,  in  Ceylon,  the  forests  cannot 
be  regarded  as  possessing  any  large  extent 
of  gregarious  woods  ; in  other  words,  pure 
forests  do  not  exist,  so  that  the  log  dealer  can 
only  adopt  his  standard  of  lightness  as  his  rule 
for  selection,  and  not  that  of  species  only.  It 
is  not  to  be  wondered  at,  therefore,  that  our 
locally  made  tea  boxes  are  mixed  as  regards 
their  composition,  and  equally  mixed  as  re- 
gards their  specific  weights. 

That  much  could  be  done  to  remedy  this 
state  of  affairs  goes  without  saying,  and  it  is 
to  be  deplored  that  so  large  an  industry  suffers 
from  want  of  systematic  arrangement,  which 
would  go  far  to  reduce  the  evils  complained  of. 
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if  not  to  absolutely  eliminate  it  altogether.  It 
is  proposed  to  give  a short  list  of  local  timbers 
in  use  in  Ceylon,  with  their  local  names  added, 
as  in  that  country  the  native  name  is  more 
generally  applied  than  the  scientific. 

Magxoi.iace.i^.. 

No.  I.  Michclia  nilagh'ica,  Zenk.  “ Flora 
Brit.  India,”  vol.  i.,  p.  ^4.  Singa- 
lese — TVal-SaL>u- 

This  is  a purely  hill  species,  and  is  rarely 
found  below  4,000  feet  altitude,  and  not  over 
abundant.  It  is  in  demand  owing  to  the  neat- 
ness of  package  it  affords  and  beauty  of  wood. 

No.  2.  Alichelia  ChamAcica,  L.  ” Flora  Brit. 

India,”  vol.  i,  p.  42.  Singalese — 
Sa;pu. 

An  introduced  species,  found  chiefly  in 
gardens,  where  it  was  probably  introduced 
many  years  ago  for  the  sake  of  its  highly 
scented  flowers  which  are  used  as  offertories 
at  Budhistic  shrines.  The  wood  is  greatly 
prized,  and  only  occasionally  found  in  use  for 
tea-boxes,  for  which  it  is  far  too  good. 

AXONACE.E 

No.  3.  Cyathocalyx  zeylankus,  Champ. 

“ Flora  Brit.  India,”  vol.  i.,  p.  53. 
Singalese — IL>L>atfa. 

Fairly  abundant  plant,  and  found  through 
most  of  the  wet  forests  in  the  western  and 
Sabaragamuwa  provinces,  from  practically 
sea  level  to  2,000  feet.  It  is  a favourite  wood, 
as  it  grows  very  straight,  and  only  branches 
high  up,  so  that  it  is  easily  worked. 

No.  4.  XyloAici  A^rvifolia^  Hook  f.  and 
Thoms.  “ Flora  Brit.  India,”  vol.  i., 
p.  84.  Singalese — Netawii. 

Like  the  last,  is  a wet  forest  plant ; common, 
but  not  particularly  abundant.  It  is,  perhaps, 
more  common  in  the  Gillimali  country,  at  the 
base  of  Adam’s  Peak,  than  further  to  the  east. 
It  affords  a nice,  clean-looking  wood,  but  is 
not  in  very  high  demand,  as  it  is  said  to  be  too 
heavy. 

Guttifer^. 

No.  5.  Calophyllum  tomenfosum , Wight. 

“Flora  Brit.  India,”  vol.  i.,  p.  274. 
Singalese — Kina. 

A hill  species,  and  a favourite  wood  for 
building  purposes  in  general,  and  occasionally 
used  for  tea  boxes,  but  unsuitable  on  account 


of  weight.  A beautifully  marked  wood  and 
very  durable. 

1 ) I PT  E R OCA  R PA  C E^E. 

No.  6.  Doona  congestijlora,  fl'hw.  “ Flora 
Brit.  India,”  vol.  i.,  p.  312.  Sin- 
galese— liniya. 

A large  tree,  and  found  growing  gregariously 
in  many  of  the  wet  forests  of  the  island.  It 
affords  a timber  much  like  cedar  in  appear- 
ance, light,  and  easily  worked,  and,  therefore, 
is  in  great  demand. 

No.  7.  Vatcria  acumi7iatay  Hayne.  “ Flora 
Brit.  India,”  vol.  i.,  p.  313.  Singa- 
lese— Hal, 

A large  handsome  tree,  widely  distributed  in 
the  western,  southern,  and  Sabaragamuwa 
provinces,  but  rarely  found  above  3,000  feet 
altitude  or  out  of  the  very  wet  limits.  The  wood 
is  in  great  demand  as  it  is  very  easily  worked, 
light,  and  lasting.  This  tree  runs  some  risk  of 
becoming  destroyed  altogether,  as  the  natives 
strip  off  the  bark  from  young  and  old  trees,  to 
assist  in  stopping  fermentation  in  toddy,  for 
which  purpose  it  is  freely  used,  to  the  destruction 
of  the  tree.  The  fruit  is  also  eaten,  so  that  the 
tree  has  many  vital  enemies  to  its  existence. 

Malvaceae. 

No.  8.  Bombax  malabaricum,  DC.  “ Flora 
Brit.  India,”  vol.  i.,  p.  349.  Singa- 
lese— Katu-imbul. 

An  enormous  tree,  scattered  over  the  greater 
part  of  the  west  of  Ceylon,  up  to  2,500  feet, 
above  which  it  becomes  very  scarce.  It  is 
found  in  the  dry  districts  towards  the  south, 
where  it  attains  a stem  circumference  of  15  to 
18  feet.  Owing  to  its  great  lightness  and  the 
neatness  of  box  turned  out  from  the  wild  cotton 
tree,  it  is  a great  favourite  and  commands  a 
good  price.  The  natural  reproduction  of  the 
tree  is  not  good,  so  that  in  its  wild  state  the 
tree  stands  some  risk  of  being  very  much  over- 
worked. 

No.  9.  Culleiiia  excelsa,  Wight.  “ Flora 
Brit.  India,”  vol.  i.,  p.  350.  Singa- 
lese— Katn-boda, 

A common  tree  in  all  the  wet  forests  up  to 
4,000  feet,  and  occasionally  a gregarious  plant. 
It  has  only  of  late  years  come  into  favour  as  a 
tea-chest  wood-,  and  bids  fair  to  become  popular, 
as  the  timber  is  light  and  easily  worked,  and 
rather  pretty. 
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SlMARUBACE^. 

No.  10.  Ailanhi^s  malabarica,  DC.  “Flora 
Brit.  India,”  vol.  i.,  p.  518.  Singa- 
lese — Wal-billin  or  Kumbalu. 

A large  lofty  tree,  but  found  in  no  great 
abundance.  It  yields  a very  soft  wood,  and  is 
easily  worked.  In  parts  of  the  Kegalla  district 
the  local  carpenters  pass  off  a good  deal  of 
this  wood  as  wild  cotton,  so  as  to  secure  a sale 
for  it,  owing  to  the  popularity  of  the  latter 
species. 

Burserace^e. 

No.  II.  Ca?iari'um  zeylanicum,  Bl.  “Flora 
Brit.  India,”  vol.  i.,  p.  532.  Singa- 
lese — Kekicna. 

A very  large  forest  tree,  and  found  chiefly  on 
rocky  ground  in  the  wet  zone,  up  about  2,000 
feet.  Very  common  in  suitable  places  in  the 
western  province,  especially  in  the  Pasdun 
Korah.  The  wood  is  very  light,  and  easily 
worked,  but  is  so  soft  that  it  decays  very 
quickly.  The  bark  contains  a pungent,  balsamic 
resin  that  is  said  by  the  natives  to  be  a valuable 
specific  against  snakes,  if  burned  in  a house. 
The  seeds  are  eaten,  and  in  flavour  are  not 
unlike  walnuts. 

Meliace.R. 

No.  12.  Melia  dubia,  Cav.  “ Flora  Brit. 

India,”  vol.  i.,  p.  545.  Singalese — 
Lunu-midella. 

A large  and  conspicuous  tree,  with  crowded 
bipinnate  leaves  that  form  tuft-like  terminations 
to  the  long  thin  branches.  It  is  not  a tree 
of  very  general  distribution  in  Ceylon,  as  it 
seems  to  prefer  certain  soils,  out  of  which 
it  does  not  flourish.  It  is  cultivated  in  the 
Kegalla  district  both  by  natives  and  Euro- 
peans, and,  owing  to  its  rapid  growth,  it  is  a 
favourite.  The  wood  is  in  very  great  demand, 
both  for  its  suitability  for  the  making  of  out- 
riggers  for  native  boats  and  for  ceiling  boards, 
and  also  tea  boxes.  It  is  light  in  weight, 
easily  worked,  and  durable.  This  wood  has 
been  tried  for  fuel  purposes,  but  is  not  found 
to  be  a success  as  such. 

The  cultivation  of  Litnn-midella  is  profit- 
able, as  in  eight  years  the  tree  attains  sufficient 
size  as  to  be  saleable. 

No.  13.  Chickrassia  tabularis^  A.  Juss. 

“ Flora  Brit.  India,”  vol.  i.,  p.  568. 
Singalese — Hulan-hick. 

A moderately  large  tree,  but  not  common. 
It  has  been  used  a tea-box  wood,  but  is  not 


adapted  to  this  purpose,  for  which  it  is  much 
too  good,  owing  to  its  weight.  It  is  a very 
ornamental  wood,  and  suitable  for  carving. 

No.  14.  Cedrela  sei'rata,  Royle.  “ Flora 
Brit.  India,”  vol.  i.,  p.  561. 

This  is  an  introduced  timber  tree,  and  is 
known  as  “ Red  Toon.”  Its  introduction  has 
been  quite  of  recent  years,  and  its  success  has 
been  somewhat  questionable,  owing  to  the 
young  plants  being  subject  to  the  attacks  of  a 
“borer”  that  quite  destroys  the  part  attacked, 
and  often  the  whole  tree.  The  wood  is  a 
favourite  for  tea  chests,  and  at  one  time  was 
largel}"  imported  into  Ceylon  for  this  special 
purpose. 

Olacine.R. 

No.  15.  Lasianthei'a  alkalis,  Thw.  “ Flora 
Brit.  India,”  vol.  i.,  p.  584.  Sin- 
galese— • Urukannu. 

A large  handsome  tree,  the  young  leaves  of 
which  have  a conspicuous  coppery  hue,  and 
highly  polished  upper  surface.  It  is  abundant 
in  parts  of  the  western  province,  and  ascends 
to  a considerable  altitude  in  the  wet  zone.  The 
wood  is  not  in  great  favour,  chiefly  because  of 
its  weight,  but  while  it  can  be  obtained  easily, 
carpenters  readily  buy  it  for  local  use. 

Trimen  gives  UriLhoiida,  Urueta,  and  Kos- 
penua  as  further  native  names,  but  it  is  more 
generally  known  by  the  name  given  above. 

Celastrace^. 

No.  16.  Kokoona  zeylanica,  Thw.  “Flora 
Brit.  India,”  vol.  i.,  p.  616.  Sin- 
galese— Kokoon  Kokoon  pottu. 

A very  common  tree  in  the  very  wet  forests 
near  the  foot  of  Adam’s  Peak,  and  in  the 
districts  extending  towards  the  west  coast. 

The  wood  is  not  very  favourable,  because  of 
its  splitting  so  freely,  but  is  suitable  for  small 
cases. 

Anacardiace.r. 

No.  17.  Mafigifera  zeylanica,  Hook.  f. 

“Flora  Brit.  India,”  vol.  ii.,  p.  16. 
Singalese  — Walamba.,  Etamba 
{A^nba,  lit.  a kidney). 

A large  and  handsome  tree  of  wide  dis- 
tribution, extending  from  the  confines  of  the 
dry  country  in  the  south-west,  all  over  the 
wet  forests  up  to  2,500  feet,  after  which  it 
becomes  scarce.  The  tree  attains  a very  large 
size  with  a long  clean  stem.  The  wood  is  a 
pale  white,  soft,  and  easily  worked,  and  is  in 
large  demand  for  cases. 
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No.  18.  Semecarpus  subpeltata,T\wv.  “Flora 
Brit.  India,”  vol.  ii.,  p.  33.  Sin- 
halese— Maha-hadulla. 

A moderately  large  straight  tree,  found  in 
all  the  very  wet  forests  of  the  Western  Province 
and  Sabaragamwa,  particularly  within  the 
water-shed  of  the  Kaluganga  river. 

This  wood  is  in  particular  demand  for  tea 
' chests,  though  it  is  said  to  be  one  of  the  woods 
I that  corrode  tea  with  lead  or  the  lining  used 
between  the  tea  and  the  wood. 

No.  19.  Semecarjus  coriacea,  Thw.  “ Flora 
Brit.  India,”  vol.  ii.,  p.  32.  Singa- 
lese — Badulla. 

A common  tree,  found  over  most  of  the  hill 
country  above  4,000  feet.  This  wood  is  some- 
times used,  but  it  is  considered  too  bad  owing 
to  the  risk  there  is  of  getting  any  of  the 
“milk”  (Sing.,  Badulla  lelrl,)  on  the  skin, 
as  it  at  once  sets  up  a violent  inflamation.  It 
is  possible  that  two  or  more  than  those  men- 
tioned of  this  genus  are  used,  as  the  Singalese 
name  Badulla  extends  to  both  the  large  as 
well  as  small  forms  of  Semecarpus , and  the 
word  coming  within  the  “light”  class  would 
be  accepted  for  the  purpose  intended. 

No.  20.  Carnpnosperma  zeylaiticum,  Thw. 

“Flora  Brit.  India,”  vol.  ii.,  p.  41. 
Singalese — Arridda. 

A large  dark-leaved  tree,  and  in  many  of  the 
wet  forests  in  the  vicinity  of  Adam's  Peak  it  is 
a gregarious  species.  In  Gillimali — at  the  foot 
of  Adam’s  Peak,  eight  miles  from  Ratuapura — ■ 
these  trees  are  found  in  great  abundance,  attain- 
ing a girth  of  seven  feet.  It  is  in  very  high 
favour  for  tea-chest  manufacture,  as  it  affords 
a light,  easily-worked,  clean-looking  wood, 
possessing  all  the  qualifications  necessary  to 
commend  it  to  the  planter. 


Rhizophorace^. 

No.  21.  Anisophyllea  zeylanica,  Benth. 

“Flora  Brit.  India,”  vol.  ii.,  p. 
442.  Singalese — JVellipenna. 

A tree  attaining  considerable  size,  and  found 
in  moderate  abundance  in  all  the  wet  forests 
of  the  western  half  of  the  island,  up  to  2,500 
feet,  after  which  it  becomes  scarce. 

It  is  occasionally  used  for  tea  boxes,  but  is 
not  a favourite  for  that  purpose,  as  it  is  too 
hea\y. 


Datiscace.e. 

No.  22.  Tetrameles  nudijlora,  R.  Br.  “ Flora 
15rit.  India,  vol.  ii.,  p.  657.  .Singa- 
lese — Mugu  n 1C . 

A very  large  tree,  distributed  mostly  through 
the  country  having  the  intermediate  rainfall 
between  the  wet  and  dry  zones.  The  wood  is 
very  soft  and  light,  and  occasionally  mixed  up 
with  harder  kinds  in  the  manufacture  of  chests. 

CORNACK.E. 

No.  23.  Mastlxia  fetrandra  ? OidiVkii.  “Flora 
Brit.  India,”  vol.  ii.  p.  745.  Singa- 
lese— Diya-laliya. 

A large  wet-zoned  tree,  and  found  in  abund- 
ance in  the  valleys  of  the  Kaluganga  water- 
shed. The  wood  is  much  sought  after,  and  is 
suitable  owing  to  lightness. 

RUP.IACEvE. 

No.  24.  Sarcoceplialus  cordalus,'\[[q.  “Flora 
Brit.  India,”  vol.  iii.,  p.  22.  Sin- 
galese— Bakmi. 

A rather  common  tree  in  the  wet  ground, 
with  exceedingly  large  stipules.  The  wood  is 
light  and  soft,  but  not  in  great  favour. 

Sapotace.e. 

No.  25.  Chrysophyllum  Roxburghii,  G.  Don. 

“ Flora  Brit.  India,”  vol.  iii.,  p.  535. 
Singalese — Ldwulu. 

A moderately  large  tree,  scattered  sparingly 
over  the  wet  zone,  and  occasionally  used  for 
tea-box  manufacture,  but  not  in  great  favour, 
as  trees  of  sufficient  size  are  difficult  to 
procure. 

No.  26.  Palaquium  grandeiy'),  Engler.  “ Flora 
Brit.  India,”  vol.  iii.,  p.  540.  Sin- 
galese — Mihiria,  Kirihimbilla, 
Kirilih'ia. 

A very  large,  thick,  brown-barked  tree,  of 
wide  distribution  in  all  the  moist  forests  of  the 
country,  up  to  about  4,000  feet  altitude.  It  is 
a favourite  building  wood  on  estates,  and  is 
often  used  for  tea  cases.  The  wood  is  reddish 
in  colour,  dark  and  close. 

Apocyxace.e. 

No.  27.  Alstonia  scholaris,  R.  Br.  “ Flora 
Brit.  India,”  vol.  iii.,  p.  642.  Sin- 
galese— Rukattana. 

A very  large,  tall  tree  with  pale  grey  stem 
and  dark  whorled  leaves,  found  throughout  the 
low  country  up  to  3,000  feet,  except  in  the  dry 
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zones.  This  wood  is  much  sought  after  owing 
to  its  extreme  lightness,  and  is  greatly  in  use 
for  the  manufacture  of  coffins.  In  colour  the 
wood  is  white,  and  when  freshly  cut  is  offensive 
in  smell. 

Myristicace.^:. 

No.  28.  Myrlstlca  laurifolia,  Hook.  f.  and 
Thoms.  “ Flora  Brit.  India,”  vol.  v., 
p.103.  Singalese — Malaboda,  Reri- 
marwara. 

A very  common  tree  in  all  the  wet  forests  up 
to  5,000  feet,  and  frequently  found  on  the 
banks  of  streams  in  the  dry  zone.  The  wood, 
if  carefully  seasoned,  affords  a splendid  pack- 
ing-case material,  but  the  difficulty  in  drying 
the  timber  is  against  its  popularity.  It  splits 
freely  and  is  of  a pale  yellow  colour. 

No.  29.  Myristica  Horsfiddia,  Bl.  “ Flora 
Brit.  India,”  vol.  v.,  p.  106.  Sin- 
galese— Ruk. 

A large  tree,  fairly  abundant  in  the  moist 
zone,  with  particularly  sweet-scented  flowers. 
The  wood  very  much  resembles  the  last  in 
appearance,  but  is  much  more  heavy,  and  for 
this  reason  is  rarely  used  in  the  manufacture 
of  tea  boxes. 

No.  30.  Myristica  Irya^  Gaertn.  “ Flora 
Brit.  India,”  vol.  v.,  p.  109.  Sin- 
galese— Iriya. 

A common  tree  on  the  banks  of  rivers  and 
streams,  and  often  in  swampy  places.  It  has 
a bright  pink  pericarp,  with  seeds  enclosed 
entirely  by  a scarlet  aril. 

The  wood  strongly  resembles  that  of  the 
last-named  species,  but  is  lighter  and  is  in 
demand. 

Laurace.e. 

No.  31.  Cryptocarya  membranacea,  Thw. 

“ Flora  Brit.  India,”  vol.  v.,  p.  120. 
Singalese — Tawanna.  IValkos. 

A wet  zone  tree,  and  abundant  in  the 
Gillimali  district  at  the  foot  of  Adam’s  Peak 
and  towards  the  ” Haycock,”  on  the  borders 
of  the  southern  province.  A yellowish  coloured 
wood,  close-grained,  and  well  adapted  to  tea- 
box  manufacture,  but  not  particularly  used 
owing  to  weight. 

No.  32.  Machilus  glaucescens  (?)  zeylanica 
(Trimen’s  Catalogue,  M.  macr- 
antha^  Trim.  “ Flora  of  Ceylon,” 
vol.  iii.,  p.  443),  “Flora  Brit. India,” 
vol.  V.,  p.  1^0.  Singalese — Ulalu. 

A very  large  tree  found  in  some  abundance 


in  the  Arisawella  district  and  towards  Adam’s 
Peak. 

It  is  a favourite  tea-box  wood,  as  it  is  easily 
worked  and  of  a light  weight.  Dry  saw-dust 
of  this  wood  is  faintly  aromatic  in  smell. 

No.  33.  Litsea  sebifera,  Pers.  “ Flora  Brit. 

India,”  vol.  v.,  p.  157.  Z.  chirensis, 
Trimen.  “Flora  of  Ceylon,”  vol. 
iii.,  p.  449.  Singalese — Bomi. 

A common  tree  throughout  the  island  up  to 
2,500  feet,  and  well  known  to  all  local  car- 
penters. The  wood  is  in  great  favour  for  floor- 
ing boards  as  it  is  capable  of  taking  a superior 
polish.  Frequently  used  in  the  tea-box  trade. 

No.  34.  Litsea  zeylanica,  Nees.  “ Flora 
Brit.  India,”  vol.  v.,  p.  178.  Singa- 
lese— Isududawula. 

A common  tree  in  the  hill  country,  between 
2,000  and  ^,000  feet,  and  in  great  favour  not 
only  for  tea  cases  but  for  door  frames,  sash 
bars,  dados,  and  the  like.  The  wood  is  light 
in  weight,  and  will  take  a high  polish  of  a 
yellowish  orange  colour. 

Euphorbiace.e. 

No.  35.  Aleurites  triloba,  Forst.  Singalese 
— Tel-kekuna. 

An  introduced  tree  and  common  enough  in 
native  gardens,  where  it  is  cultivated  for  the 
sake  of  the  oil  that  is  extracted  from  the  nut. 
Sometimes,  but  very  rarely,  used  in  tea-case 
manufacture.  The  wood  is  white,  soft,  and 
light. 

Urticaceae. 

No.  36.  Ficus  nervosa,  Hayne.  “ Flora  Brit. 

India,”  vol.  v.,  p.  512.  Singalese— 
Kalamadua. 

A large-leaved  tree,  and  occasionally  found 
in  the  forests  of  the  wet  zone.  The  wood  is 
soft  and  light,  but  decays  quickly. 

It  is  probable  that  a few  more  species  of  the 
genus  Ficus  get  mixed  up  with  other  light  soft 
woods  in  tea-box  manufacture,  as  they  are 
easily  procurable  in  common  with  so  many  of 
the  woods  mentioned  above,  but  it  is  undesir- 
able to  record  any  doubtful  examples.  The  list 
given  includes  most,  if  not  all,  of  the  recog- 
nised tea-box  woods,  and  to  which,  but  for  the 
ignorance  of  the  traders  themselves,  many 
more  might  be  added. 

The  culture  of  woods  for  this  special  trade 
may  in  course  of  time  be  tried  in  Ceylon,  as 
the  wants  of  the  planters  make  suitable  wood 
more  and  more  scarce  ; but  it  is  noteworthy 
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I that  no  invention  has  yet  been  broug-ht  out 
by  which  compressed  wood  could  be  used 
’ instead  of  the  present  very  laboriously  manu- 
! factured  article. 


MICA  MINING  IN  THE  DISTRICT  Oh 
NELLORE,  INDIA. 

By  Robert  W.  Thompson, 

A.M.I.C.E.,  M.S.A. 

Nellore  is  one  of  the  maritime  districts  of  the 
Madras  Presidency.  It  is  bounded  on  the 
north  by  the  district  of  Kistna,  on  the  south  by 
the  districts  of  Chingleput  and  North  Arcot,  on 
the  east  by  the  Bay  of  Bengal,  and  on  the  west 
by  the  district  of  Cuddapah,  from  which  it  is 
separated  by  the  Eastern  Ghats — a range  of 
hills  from  2,000  to  3,000  feet  in  height,  running 
roughly  parallel  to  the  coast  from  fifty  to  sixty 
miles  inland.  The  length  of  the  district  is 
about  180  miles,  and  the  area  about  10,000 
square  miles.  The  Great  Northern  road  from 
Madras  to  Calcutta  passes  through  the  district 
south  to  north,  keeping  at  an  average  distance 
of  ten  miles  from  the  sea.  Various  other  roads 
branch  east  and  west  from  this  trunk  to 
populous  and  important  villages.  The  chief 
town  is  Nellore,  on  the  Pennar  river,  180  miles 
from  Madras  by  the  Great  Northern  road  ; the 
next  in  importance  are  Ongole,  182  miles  from 
Madras,  and  Gudur,  85  miles  from  Madras, 
both  of  which  are  also  on  the  Great  Northern 
road.  Vencataghiri  and  Calastry  are  also 
important  places,  both  being  in  the  south- 
west of  the  district.  There  is  railw^ay  com- 
munication with  Madras,  but  the  route  is 
circuitous,  and  a break  of  gauge  occurs  at 
a place  called  Rennigunta  where  passengers 
tranship  from  the  Madras  railway,  broad 
gauge,  to  the  South  Indian  Railway,  narrow 
gauge,  the  journey  taking  over  sixteen 
hours ; but  the  new  Bezwade-Madras  State 
Railway,  which  will  probably  be  opened  for 
traffic  this  year,  will  give  direct  broad-gauge 
communication  betw^een  Madras  and  Nellore, 
the  journey  taking  not  more  than  six  hours. 
The  district  is  salubrious  and  populous,  the 
population  being  approximately  200,000.  There 
is  not  sufficient  employment  for  the  lower,  or 
cooly,  class  of  the  people,  so  that  labour  is 
plentiful  and  cheap,  a man’s  w'ages  (reduced 
to  English  money)  being  from  3d.  to  qd.  a day, 
and  a woman’s  or  boy’s  from  2d.  to  3d. — 
nothing  more.  The  district  is  intersected  by 
numerous  streams  having  their  origin  in  the 
Eastern  Ghats,  and  one  river — the  Pennar — 


which,  rising  in  the  tableland  of  Mysore,  flows 
through  the  district  of  Cuddapah  (receiving 
there  the  waters  of  the  Chittravutty,  the 
Paupugni,  and  the  Cheyair),  and  then  through 
a rift  in  the  I^astern  Ghats  past  the  town  of 
Nellore  into  the  Bay  of  liengal,  after  a course 
of  355  miles. 

East  of  the  Great  Northern  road,  and  for  a 
few  miles  to  the  west  of  it,  the  country  is 
generally  low  and  flat  and  the  soil  alluvial, 
and  rice  is  largely  cultivated  upon  it ; to  the 
west  of  this  the  ground  begins  to  rise  and 
becomes  undulating  and  rocky,  and  is  only  fit 
for  the  cultivation  of  dry  grains  in  some  parts, 
the  rest  being  barren  or  covered  with  jungle. 
The  geological  formation  of  this  portion  may 
be  described  as  being  generally  a bed  of  meta- 
morphic  rock  on  which  is  superimposed  a 
layer  of  laterite,  which  is  a soft  argillaceous 
stone  of  a reddish-brown  colour,  and  of 
aqueous  formation.  The  metamorphic  rocks 
are  represented  by  gneiss,  mica  schist,  horn- 
blends  schist,  and  quartzite  ; these,  though 
forming  the  bed  rock  of  this  part  of  the 
district,  very  often  crop  out  above  the  surface 
and  stand  exposed.  Instances  of  igneous 
rock  are  also  met  with  in  trap,  felspar,  and 
granite,  the  former  occurring  in  dykes,  and 
the  two  latter  as  isolated  intrusions  through 
the  bed  of  metamorphic  rock.  This  is  the 
general  aspect  of  the  district : but  laterite  is 
occasionally  met  with  in  places  nearer  to  the 
sea  than  above  indicated,  and  alluvial  land 
farther  inland  ; this  is  naturally  the  case  along 
the  valleys  through  which  streams  flow. 

Mica  exists  in  the  western  parts  of  the 
district  where  the  land  begins  to  rise  to  the 
ghats.  The  surface  indication  of  it  is  the  out- 
crop of  quartz  and  felspar,  with  which  minerals 
it  is  usually  associated,  being  sometimes 
integrated  with  them  so  as  to  form  a coarse- 
grained granite,  or  else  occurring  in  large 
separate  masses.  It  is  not  unusual  to  find 
distinct  masses  of  mica,  of  quartz,  and  of 
felspar,  lying  contiguous  to  each  other ; the 
idea  which  they  convey  being  that  Nature 
intended  manufacturing  granite  on  the  spot, 
but  after  collecting  the  necessary  materials 
had  changed  her  mind  about  it.  But  the  surface 
indication,  above  mentioned,  is  not  always  pre- 
sent : in  some  cases  mica  occurs  in  isolated 
blocks.  There  are  mica  mines  in  operation  at 
Inikurti,  Utukur,  Chaganum,  Sydapuram,  and 
Khandali,  all  lying  from  W.S.W.  to  S.S.W.  of 
the  town  of  Nellore,  at  from  twenty  to  thirty 
miles  distance.  Indications  of  mica  are  met 
with  further  north,  but  no  mines  have  yet 
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been  started ; the  industry  is  in  fact  in  its 
infancy,  the  first  mine,  the  one  at  Utukur, 
having-  only  been  started  in  1888.  The  mineral 
is  found  near  the  surface,  and  those  hitherto 
engaged  upon  the  getting  of  it  not  being  pro- 
fessional miners,  but  mere  diggers,  the  only 
method  of  working  yet  adopted  has  been  that 
of  quarrying — no  subterraneous  mining  has 
yet  been  attempted.  The  mica  occurs  in  masses 
of  from  100  to  200  cubic  feet ; these  masses 
have  been  found  from  near  the  surfare  to  a 
depth  of  70  feet,  the  method  employed  for 
detaching  the  stuff  being  blasting  with  gun- 
powder or  dynamite. 

The  cutting  and  sorting  of  the  mica  after  it 
is  w'on  from  the  quarry  is  a very  important  part 
of  th«  industry : the  value  depends  not  only  on 
the  sizes  of  the  sheets,  but  also  upon  their 
freedom  from  flaws  and  their  clearness  and 
transparency.  Slabs  of  clear  mica  have  been 
obtained  of  a superficial  area  exceeding  two 
square  feet ; such  pieces  are  however  rare.  But 
pieces  of  no  more  than  four  square  inches  find 
a ready  market.  All  clear  mica  is  cut  into 
rectangular  pieces  of  certain  sizes.  The  clip- 
pings, or  waste,  have  hitherto  been  thrown 
aside  as  useless ; but  inquiries  have  recently 
been  made  for  this  waste  also,  as  the  mineral 
is  said  to  be  useful  as  a lubricant  when 
powdered.  Some  of  the  mines  recently  started 
have  had  their  whole  output  bespoken  by  firms 
in  Madras.  New  uses  are  continually  being 
found  for  the  mineral.  A patent  has  recently 
been  taken  out  in  India  for  a composition,  in 
which  it  is  the  principal  ingredient,  for  the 
coyering  of  boilers,  steam-pipes,  and  the  like, 
as  it  is  a capital  non-conductor  of  heat.  A 
cartridge  has  also  been  recently  invented  in 
which,  instead  of  paper  or  metal  for  the 
wrapping,  mica  is  used,  the  advantages  of 
the  material  for  this  purpose  being  manifold. 

It  is  not  easy  to  ascertain  the  actual  cost  of 
getting  the  material,  the  mine  owners  being 
naturally  reticent  on  the  subject ; and,  in  fact, 
the  cost  must  vary  in  different  mines  accord- 
ing to  the  quantity  and  quality  of  the  mica 
obtained,  and  the  depth  at  which  it  is  found. 
That  it  is  a very  paying  industry  is  clear  from 
the  eagerness  with  which  both  Europeans  and 
natives  are  taking  up  land  for  mining. 

From  statistics  obtained  from  the  Sea 
Customs  Department,  it  appears  that  during 
the  first  half  of  the  year  1895  the  quantity  of 
mica  exported  from  the  port  of  Madras  was 
66,815  lbs.,  which  increased  to  71,030  lbs.  in 
the  second  half,  and  to  89,330  lbs.  in  the  first 
half  of  1896.  During  last  year  (1896)  no  less 


than  30  mining  leases  were  taken  out  for  6^|i 
acres  of  land,  for  a total  assessment  of  3,19^1 
rupees.  The  industry  has  hitherto  been  worke( 
by  men  of  small  means,  who  have  each  taker 
up  from  one  to  two  acres  of  land  to  operate  upon 
But  recently  some  firms  in  Madras  have  beer 
applying  for  large  blocks  of  land  for  the  pur- 
pose. In  consequence  of  these  application' 
Government  have  been  reconsidering  the 
question  of  their  attitude  towards  the  industry. 
Hitherto  the  rule  has  been  a charge  of  a rupeci 
an  acre  for  the  right  of  prospecting,  and  ar 
annual  rent  of  50  rupees  an  acre  for  land, 
taken  up  on  lease  for  mining  upon.  But  the 
term  “prospecting”  has  not  been  clearl} 
defined,  nor  have  any  maximum  or  minimum 
limits  been  laid  down  as  to  the  sizes  of  block? 
which  may  be  taken  up  or  the  distances  which 
must  separate  rival  blocks.  In  consequence  ol 
this  difficulties  have  arisen  at  times.  Govern- 
ment have  hitherto  taken  no  interest  in  the 
outturn  of  the  mines  or  the  status  of  the  lessees  ;i 
they  are  inclined  now  to  take  an  interest  in 
both  ; they  desire  to  encourage  firms  or  com- 
panies to  take  up  large  blocks  of  land,  say  of 
about  half  a square  mile  in  area,  and  while 
reducing  the  ground-rent  to  charge  a royalty 
of  5 per  cent,  ad  valor e?n  on  the  outturn.  The 
idea  is  that  such  firms  or  companies,  by  intro- 
ducing improved  methods  of  mining,  would  get 
better  results  than  have  yet  been  achieved  and 
so  earn  a higher  profit,  in  which  profit  Govern- 
ment desire  to  participate.  The  difficulty  of 
accurately  valuing  the  mica  obtained  is  to  be 
gotten  over  by  ultimately  accepting  a broker’s 
certificate  as  to  what  it  realised  on  sale  in 
London,  or  wherever  it  w-as  disposed  of ; 
Government  in  the  first  instance  exacting  a 
royalty  calculated  upon  the  highest  price  it 
is  likely  to  realise.  A deposit  of  500  rupees 
is  to  be  made  wdth  each  application  for  a 
lease  of  land  or  a license  to  prospect.  The 
new  rules  have  not  yet  been  promulgated, 
but  it  is  believed  that  the  above  is  a pretty 
accurate  forecast  of  what  is  coming.  These 
rules  will,  of  course,  apply  only  to  mining 
on  Government  land.  Where  it  is  desired  to 
mine  on  land  belonging  to  private  parties,  an 
arrangement  must  be  come  to  with  the  owners. 
The  Rajah  of  Vencataghiri  owns  much  mica- 
bearing land  in  the  district  ; his  rates,  at 
present,  are  a rupee  an  acre  for  prospecting, 
and  an  annual  rent  of  50  rupees  an  acre  for 
mining. 

It  must  not  be  supposed  that  all  who  have 
gone  in  for  mica  mining  have  been  successful ; 
there  have  been  failures  as  well  as  successes ; 
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but  the  successes  have  so  far  outnumbered  the 
failures  that,  as  has  already  been  said,  there  is 
a considerable  boom  in  the  industry  just  now — 

, as  booms  in  India  go.  The  failures  have 
generally  been  due  to  ignorance  ; men  have 
started  mining  where  there  was  no  mica.  In 
' some  cases  failures  have  been  due  to  want  of 
capital  and  spirit.  One  of  the  most  successful 
mines  in  the  district  was  abandoned  by  the 
original  owner  as  unprofitable. 

Besides  mica,  the  district  contains  iron, 
copper,  gypsum,  kaolin,  and  garnets.  The 
iron  ore  is  of  good  quality  and  is  worked  by 
the  natives  to  a small  extent  for  supplying  local 
wants.  The  copper  ore  was  worked  formerly, 
but  the  ore  procurable  near  the  surface  being 
e.xhausted,  the  industry  has  been  abandoned. 
It  is  not  known  to  what  extent  these  minerals 
exist.  Gypsum,  kaolin,  and  garnets  are  found, 
but  are  not  worked.  The  kaolin,  which  is  dis- 
integrated felspar,  is  white,  and  appears  to  be 
of  good  quality.  The  garnets  hitherto  found 
have  been  poor. 


ARTIFICIAL  MINERAL  WATERS. 

With  reference  to  a remark  by  Dr.  Schunk  in 
his  presidential  address  before  the  annual  meeting 
of  the  Society  of  Chemical  Industry  last  year, 
that  “ to  Dr.  William  Henry  is  sometimes  given 
the  credit  of  the  invention  of  aerated  waters,”  Mr. 
William  Kirkby  has  communicated  to  the  Pharma- 
ceutical Journal  an  article  in  which  a claim  is  made 
for  Thomas  Henry.  He  writes  : — I am  not  aware 
that  Dr.  William  Henry,  son  of  Thomas  Henry, 
“ has  been  credited  with  the  invention  of  artificially 
aerated  water  as  a beverage.”  It  is,  however,  on 
record  that  Thomas  Henry,  the  father,  was  the  in- 
ventor of  artificial  mineral  waters,  as  appears  from 
the  following  extract  from  Dr.  Angus  Smith’s  “A 
Centuiy'  of  Science  in  Manchester”  (1883,  p.  127)  : — 

“ Whilst  without  going  deeply  into  the  history  of 
artificial  mineral  waters  and  aerated  drink?,  we  are 
inclined  to  believe  that  the  elder  Henry  [Thomas 
Henry — bom  Oct.  26  (old  style),  1734;  son 
William  Henry — born  1774]  was  the  true  inventor,  or 
evidently  considered  that  he  was  the  first  in  the  field. 
Dr.  Henry  separated  from  his  partner  Mr.  Thompson, 
taking  for  himself  the  magnesia  and  leaving  the 
aerated  waters  to  the  latter.” 

In  order  to  ascertain  to  what  extent  we  are  really 
indebted  to  Thomas  Henry  in  this  matter,  it  may  be 
well  to  briefly  review  his  work  in  connection  there- 
with. 

The  interest  which  he  took  in  the  questions  dealing 
with  fixed  air  (carbonic  acid  gas)  and  the  impregnation 
of  water  with  it,  must  have  been  very  great  if  we  may 
judge  from  the  pertinent  notes  appended  to  the  text 


of  his  translation  of  Lavoisier’s  “Physical  and  Chemi- 
cal Essays.”  That  he  edited  and  translated  this  work, 
which  treated  so  fully  of  the  historj'  of  carbonic  acid 
gas  and  the  endeavours  to  make  artificial  mineral 
waters,  and  in  so  doing  exhibited  such  a thorough 
acquaintance  with  the  whole  of  the  sul>ject,  qtiite  j>re- 
cludes  the  idea  that  he  ever  claimed  to  be  the  inventor 
of  aerated  w-aters.  He  was  quite  familiar  with  the 
work  of  Venel,  Priestley,  and  others.  (Jonceming  the 
first  of  these,  who  was  professor  of  chemiitr)'  in  the 
University  of  Montpellier,  he  has  a foot-note  in  whi<  h 
he  claims  for  Dr.  J>rownrigg  the  honour  of  In-ing  the 
first  to  establish  the  identity  of  the  gas  in  natural 
mineral  waters  with  Boyle’s  “factitious  air”  and 
choke  damp. 

In  1767  and  1768  Priestley  was  experimenting  up)C>n 
the  artificial  impregnation  of  water  with  fixed  air,  and 
in  1772  he  returned  to  the  subject  in  the  hope  of 
being  able  to  devise  a drink  which  should  be  a pro- 
phylactic against  the  scurvy  in  seamen.  I'riestley’s 
apparatus  was  simplicity  itself,  and  was  very’  sfK>n 
improved  upon  by  Nooth,  Parker,  and  Magellan 
(Mag’alhaens).  It  was  with  a view  to  improving 
upon  the  glass  machines  in  use  that  Heniy  designed 
the  apparatus  described  in  a pamphlet  entitled  : 
“ Account  of  a method  of  preserving  Water  at  Sea 
from  Putrefaction  and  of  restoring  to  the  water  its 
original  pleasantness  and  purity,  to  which  is  added  a 
mode  of  impregnating  w’ater  in  large  quantities  with 
fixed  air  for  medicinal  uses,  on  Board  Ships,  and  in 
Hospitals,  and  likewise  a process  for  the  preparation 
of  Artificial  Yeast,  by  Thomas  Heniy,  F.R.S.,  and 
member  of  the  Medical  Society  of  London.  War- 
rington. Printed  by  W.  Eyres  for  J.  Johnson,  Xo.  72, 
St.  Paul’s  Churchyard,  London.  ^MDCCLXXXI.” 
The  portion  dealing  with  the  impregnation  of  water 
w'ith  fixed  air  affords  indubitable  proof  that  Henry 
only  claimed  for  his  apparatus  that  it  made  it  jwssible 
to  prepare  aerated  water  on  a larger  scale  than 
heretofore. 

“ The  Method  of  Impregnating  Water  in  Large 
Quantities  'with  Fixed  Air,  so  as  to  give  it  the 
Properties  of  Mineral  H'ater  for  the  Use  of  the 
Sick  on  Board  of  Ships  and  in  Hospitals. 

“Dr.  Priestley  some  years  ago  communicated  to 
the  Lords  of  the  Admiralty  a method  of  impregnating 
water  with  fixed  air  obtained  from  an  eft'crvcscing 
mixture  of  chalk  and  vitriolic  acid,  and  of  making  an 
artificial  Pyrmont  w’ater.  This  operation  has  since 
been  considerably  facilitated  by  the  invention  of  Dr. 
Nooth’s  glass  machine,  with  Mr.  Parker's  and  Mr. 
Magellan’s  improvements.  That  machine,  though 
admirably  contrived  for  the  preparation  of  such 
quantities  of  artificial  mineral  water  as  m.ay  l)c 
necessary  in  private  families,  would  be  too  small  for 
the  sickly  crew  of  a large  ship.  But  it  appears  to  me 
that  a mode  may  be  adopted  by  which  the  process 
may  be  performed  on  a much  larger  scale. 

“The  advantages  which  would  proceed  from  an 
easily  practicable  method  of  supplying  the  sick  men 
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in  long  voyages  witli  such  water  must  be  obnous  to 
every  medical  practitioner.  The  mineral  waters  of 
Pyrmont  and  Seltzer  may,  by  these  means,  be  closely 
imitated,  and  the  artificial  water  will  be  beneficial  in 
all  cases  in  which  the  natural  is  found  useful.  By 
this  process  also  may  Mr.  Bewley’s  mephitic  julep  be 
prepared — than  which  the  materia  medica,  perhaps, 
does  not  afford  a more  efficacious  or  more  grateful 
medicine  in  putrid  fevers,  scurvy,  dysentery,  bilious 
vomitings,  hectic,  &c.” 

It  is  interesting  to  notice  Henry’s  use  of  the  bladder 
as  a primitive  kind  of  pump.  The  first  suggestion, 
however,  for  the  use  of  mechanical  means  for  increas- 
ing the  pressure  of  the  gas  seems  to  have  come  from 
Priestley,  who  wrote,  “ I do  not  doubt  . . . but 

that  by  the  help  of  a condensing  engine,  water  might 
be  much  more  highly  impregnated  with  the  virtues  of 
the  PyiTnont  Spring,  and  it  would  not  be  difficult  to 
contrive  a method  of  doing  it.* 

In  1785  Thomas  Heniy  communicated  to  the  Man- 
chester Literary  and  Philosophical  Society  a paper  by 
Haygarth  upon  tfie  impregnation  of  liquids  with  fixed 
air,  in  which  is  described  an  ingenious  apparatus,  the 
essential  feature  consisting  of  a pair  of  household  fire- 
bellows  for  increasing  the  pressure  of  the  gas. 

Beyond  Dr.  Angus  Smith’s  reference  to  Henry’s 
association  with  the  commercial  manufacture  of 
mineral  water  I have  not  met  with  any  written  or 
printed  record.  Early  in  this  century  there  was  a 
Thompson  engaged  in  this  trade,  and  the  firm  is  in 
existence  to-day  under  another  name,  but  when  and 
for  how  long  the  partnership  between  Heniy  and 
Thompson  existed,  when  it  was  terminated,  and 
where  the  waters  were  made  I have  not  succeeded  in 
ascertaining.  Mr.  Ogden  (Messrs.  T.  and  W.  Hemy) 
informs  me  that  the  present  building  in  which  the 
celebrated  magnesia  is  made  was  erected  in  1810,  and 
there  are  no  vestiges  of  mineral  water  manufacture 
about  the  premises,  neither  do  the  business  archives 
contain  any  records  of  transactions  in  goods  of  this 
class. 

Thomas  Henry’s  interest  in  fixed  air  extended  beyond 
artificial  mineral  waters.  In  the  pamphlet  already 
refen-ed  to  he  describes  a yeast  made  by  impregnating 
with  fixed  air  a mixture  of  flour  and  water  thickened 
by  boiling,  and  then  mixing  it  with  flour  and  warm 
water,  and  “ setting  to  rise  ” before  baking.  He 
thus  anticipated  the  production  of  aerated  bread  by 
about  half  a centuiy.  In  1 785  he  described  a process 
for  the  aeration  of  beers  and  wines  which  had  become 
vapid.  The  apparatus  consisted  of  the  lower  globe  of 
Nooth’s  machine  with  the  neck  closed  by  a perforated 
stopper  ; this  was  charged  with  chalk,  water,  and  the 
necessary  acid,  and  lowered  into  the  cask  containing 
the  beer;  the  pressure  of  generated  gas  overcame 
that  of  the  superincumbent  liquid  by  which  it  ab- 
sorbed until  the  point  of  saturation  was  reached. 

It  is  clear,  I think,  that  it  is  to  Thomas  Henry, 
apothecary  and  chemist,  of  King-street,  Manchester, 

* “ Experiments  and  Observations  on  Different  Kinds  of 
Air,”  by  Joseph  Priestley,  LL.D.,  F.R.S.  1790.  Vo\.  I. 


and  not  to  his  son  William,  that  the  credit  is  due  oi, 
being  a pioneer  in  the  manufacture  of  artificially! 
aerated  waters.  It  is  worth  noting  that  Henry’s| 
pamphlet  was  published  in  1781,  that  is  eight  years| 
before  the  establishment  of  the  Geneva  factory,  andi 
about  twenty  years  before  the  establishment  of 
English  houses  for  the  regular  supply  of  these  waters. 


CIDER  MAKING  IN  FRANCE. 

With  the  decline  of  the  grape  crop  in  France,  in- 
creased attention  has  been  paid  to  the  cultivation  of 
apples  and  the  production  of  cider.  It  may  be  well 
to  state,  before  describing  the  several  processes  of 
cider  making,  that  the  quality  of  the  cider  will  depend 
to  a great  extent  upon  the  proper  fermentation  of  the 
must  or  crude  juice  of  the  apple.  So  tully  is  this 
recognised  that  it  has  given  rise  to  the  French  pro- 
verb, “No  good  cider  without  good fennentation  and 
good  ferments.”  Several  days  after  the  must  isi 
placed  in  barrels,  a sort  of  ebullition  is  produced  in 
the  mass,  bubbles  of  carbonic  acid  are  disengaged, 
foam  or  froth  rises  to  the  surface,  and  the  lees  or 
dregs  of  the  juice  settle  to  the  bottom  ; finally,  the 
must  loses  its  sweet  taste,  the  sugar  which  it  con- 
tained being  converted  into  alcohol.  This  disturb- 
ance or  tranformation  is  produced  by  microbes, 
which,  seen  under  the  microscope,  have  the  appear- 
ance of  small  cells.  These  are  the  ferments.  There 
are  different  kinds  of  ferments,  as  there  are  different 
kinds  of  apples.  One  will  produce  a sweet  cider, 
another  a dry  or  “sharp”  cider;  one  produces  a 
fragrant,  limpid  drink,  another  gives  a flat  and  turbid 
cider.  There  is,  according  to  the  United  States 
Consul  at  Havre,  still  another  kind  of  ferment,  con- 
sisting of  an  aggregation  of  microbes  commonly 
known  as  “ mother  of  vinegar,”  which  when  introduced 
into  cider  transforms  it  into  vinegar.  In  selecting 
the  apples  care  should  be  taken  that  the  must  or 
expressed  juice  should  contain  all  the  elements  neces- 
sary for  the  development  of  the  ferments,  namely, 
albuminoid  substances,  mineral  substances,  &c.  To 
be  complete  it  should  contain  some  tannin  and  a 
certain  degree  of  acidity.  In  a word,  to  make  good 
cider  it  is  above  all  necessary  to  have  the  proper  kind 
of  apples.  To  sum  up  the  qualities  needed  to  produce 
good  cider  it  may  be  stated  that  the  fruit  should  be 
ripe  and  fragrant,  averaging  from  two  to  four  per 
thousand  of  acidity,  containing  with  some  mucilage  a 
notable  quantity  of  tannin  (3  or  4 percent.)  and  a 
large  proportion  of  saccharine  matter,  say  15  per  cent. 
In  gathering  the  friiit  care  is  taken  to  protect  the 
apples  against  mud  or  other  extraneous  substances, 
which  if  introduced  into  the  must  retards  fermenta- 
tion and  impairs  the  quality  of  the  cider.  All  rotten 
apples  are  rigidly  excluded,  as  it  is  contended  that  a 
few  rotten  apples  will  affect  the  flavour  of  the  cider. 
The  fruit  being  carefully  selected  the  next  step  is  to 
thoroughly  crush  it.  In  France  a great  variety  of 
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apple  mills  are  used,  but  the  best  known  are  the 
systems  of  Simon,  Savary,  Mobille,  Gamier,  and 
Chapellier.  After  crushing  the  apples  the  usual 
practice  is  to  place  the  pulp  in  uncovered  vats  or 
tubs,  and  leave  it  twelve  or  fourteen  hours  before 
pressing,  stiiring  it  meanwhile  from  time  to  time  with 
wooden  shovels  in  order  to  bring  the  mass  into  contact 
with  the  air.  The  principal  advantage  claimed  to  be 
' derived  from  the  maceration  and  aeration  is  that  it 
I improves  the  colour  of  the  cider  and  makes  it  richer 
in  tannic  acid  ; but  recently  it  has  been  found  that 
these  advantages  can  be  attained  as  readily  by 
aerating  the  must,  or  crude  juice,  and  it  is  now  the 
I practice  at  the  large  cider  factories  to  press  the  fruit 
as  soon  as  it  has  been  mashed.  Vats  or  tubs  are  only 
had  recourse  to  when  water  is  added  to  the  pressed 
mass  for  a second  pressing.  The  modern  cider  press 
! consists  of  a circular  cage  with  a bottom  on  which 
j the  pulp  or  mashed  apples  are  placed  and  then  pressed 
by  means  of  a screw — at  first  slowly,  then  progress- 
ively until  the  operation  is  completed.  When  the 
pulp  has  been  thus  drained,  it  is  taken  out  and  placed 
in  vats  or  tubs,  where  it  is  macerated  with  a certain 
quantity  of  water,  say  two  or  three  gallons  of  pure 
soft  water  to  too  lbs.  of  pulp,  for  twenty-four  hours, 
after  which  it  is  subjected  to  a second  pressure.  In 
this  way,  from  every  hundredweight  of  pulp,  several 
gallons  more  of  cider  are  obtained.  The  expressed 
juice  of  the  fruit,  known  as  the  must,  having  been 
placed  in  barrels,  the  next  step  is  to  obtain  proper 
fermentation,  the  most  delicate  and  troublesome  pro- 
cess  in  the  making  of  cider,  and  at  the  same  time  the 
most  important,  since  upon  it  depends  the  quality  of 
the  product.  The  fermentation  of  cider  differs  essen- 
tially from  that  of  wine.  In  the  case  of  wine,  all  the 
sugar  ought  to  be  completely  transformed  into  alcohol 
by  the  ferments  or  fermentative  microbes,  which  play 
such  an  important  part  in  this  process.  For  cider,  on 
the  contrary,  it  is  necessary  that  fermentation  be 
promptly  established,  and  last  only  a short  time,  in 
order  that  the  must  may  be  clarified  before  the  sugar 
has  been  entirely  transformed  into  alcohol.  The 
sugar  which  remains  after  the  first  active  fermentation 
^^•ill  still  maintain  a slow  fermentation  in  the  cider 
which  prevents  it  from  becoming  too  acid  and  being 
transformed  into  vinegar.  There  are  three  conditions 
which  largely  influence  fermentation,  viz.,  tempera- 
ture, aeration,  and  the  acidity  of  the  crude  juice. 
Temperature  plays  an  important  role  in  the  process  of 
fermentation.  At  32°  Fahrenheit  fermentative  germs 
cease  to  multiply  and  become  inactive  ; at  a tempera- 
ture of  130°  to  140°  many  of  them  die.  It  is  between 
68°  and  78°  that  they  are  most  active.  If  therefore 
the  temperature  is  too  low  it  will  be  necessary  to 
warm  the  must  in  order  to  accelerate  fermentation. 
This  is  done  by  heating  a small  quantity  of  the  fluid 
to  about  135°  or  140°  Fahrenheit  and  then  pouring 
it  into  the  baiTel.  In  France  a specially  constructed 
warming  apparatus  [chauffe-cure)  is  used  for  this  pur- 
pose. As  regards  aeration,  oxygen  is  an  essential 
element  in  the  process  of  fermentation,  and  it  is 


therefore  necessary  that  the  must  be  thoroughly 
aerated.  The  liquid  is  stirred  from  time  to  time,  and 
a quantity  drawn  off  now  and  then  and  returned  to 
the  barrel ; the  bunghole  is  left  open  or  stopped  ^^•ith 
a little  cotton  wool  which  admits  the  air,  and  at  the 
same  time  excludes  any  injurious  microbes  that  might 
find  their  way  into  the  barrel.  In  sjfite  of  all  pre- 
cautions it  sometimes  hai)pens  that  fermentation  is 
retarded.  This  is  the  case  when  too  many  sour  apples 
have  been  used,  the  result  being  an  acid  must.  .Some 
persons  neutralise  the  acidity  by  throwing  a handful 
of  wood  ashes  into  the  liquid,  and  then  agitating  it ; 
but  the  best  makers  think  this  manner  of  treating  the 
must  is  apt  to  produce  a flat  cider  without  colour, 
and  is  therefore  not  to  be  recommended.  They  say 
it  is  better  to  avoid  an  excess  of  acidity  by  a proper 
choice  of  fruit.  One  means  of  increasing  fermentation, 
much  used  by  the  French  cider  makers,  is  to  add  a 
small  quantity  of  must  made  from  the  best  apples,  to 
the  indifferent  must,  w'hich  acts  as  a leaven  to  pro- 
duce fermentation.  The  ferments  of  good  fruit,  thus 
added,  set  immediately  to  work  and  multiply  the 
fermentation  germs  so  rapidly,  that  the  deficiency  in 
the  must,  to  which  it  has  been  added,  is  soon  over- 
come, and  a fresh  and  complete  fermentation  takes 
place.  In  like  manner,  a good  cider  may  be  destroyed 
by  the  addition  of  a bad  ferment,  often  unwittingly 
added,  by  not  taking  care  to  thoroughly  clean  the 
instruments  and  vessels  employed  in  the  fabrication 
of  the  cider.  In  France,  an  artificial  leaven,  made 
from  apples  of  the  best  groAvth,  is  an  article  of 
commerce,  and  is  much  used  to  correct  deficiencies  in 
must  of  a poor  quality.  A quart  of  this  leaven, 
costing  about  4s.,  will  serve  to  improve  from  130  to 
140  gallons  of  an  indifferent  must.  This  leaven, 
or  artificial  ferment,  has  been  used  with  very 
satisfactory  results  for  several  years,  and  is  ap- 
parently growing  in  fa^•our  with  the  large  cider 
makers.  After  ten  or  fifteen  days,  fermentation 
ceases,  a densimeter  introduced  into  the  cider  shows 
its  specific  gravity  to  be  from  10-15  to  io-20;  the 
liquor  has  become  clear,  the  grosser  lees  settling  to 
the  bottom  and  the  lighter  rising  to  the  surface,  so 
that  the  cider  is,  as  it  were,  between  two  layers  of 
lees.  This  is  the  time  to  draw-  it  off.  The  cider 
having  been  drawm  off  into  a clean  barrel  undergoes, 
after  a certain  time,  a second  fermentation,  very  much 
less  energetic  than  the  first.  "When  this  second  fer- 
mentation becomes  feeble  and  carbonic  acid  is  no 
longer  disengaged,  the  barrel  is  completely  closed 
until  the  time  arrives  for  using  the  cider  when  it  is 
again  drawm  off"  by  a spigot  or  faucet.  Cider  is  pre- 
served well  enough  in  barrels  when  completely  full, 
but  when  the  barrel  has  been  partly  emptied  there  is 
danger  of  its  degenerating  in  quality.  This  is  so  well 
understood  in  France  that  when  a certain  quantity  of 
the  cider  has  been  drawn  off,  the  remainder  is  pro- 
tected by  what  is  known  as  “ Xoel’s  protector,” 
much  the  same  as  a simple  covering  or  thin  layer  of 
oil,  which  excludes  the  air  and  prevents  the  entrance 
of  noxious  microbes  which  would  soon  transform  the 
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cider  into  vinegar.  Bottling  cider  has  become  a large 
industry  in  France.  Good  cider  in  bottles  ought  to 
be  clear  and  sparkling,  and  when  properly  prepared  is 
a popular  table  drink,  not  only  on  account  of  its 
pleasant  and  refreshing  taste,  but  for  the  more  im- 
portant reason  that  cider  is  now  regarded  in  France 
as  the  most  hygienic  of  all  drinks,  much  more  indeed 
than  the  best  of  wines. 


AMERICAN  RAILS. 

The  production  of  rails  of  all  kinds  in  the  United 
States  last  year  was  1,647,892  tons,  an  increase  of  46 
per  cent,  over  1896.  The  highest  production  ever 
reached  was  in  1887,  when  2,139,640  gross  tons  were 
made,  and  the  next  largest  production  was  in  1890, 
A\dth  1,885,307  tons.  The  rail  production  of  1897 
was  composed  of  1,614,399  tons  of  Bessemer 
steel  rails  rolled  by  the  producers  of  domestic 
ingots;  30,121  tons  of  Bessemer  steel  rails  re- 
rolled from  the  old  steel  rails  and  rolled  from 
purchased  blooms ; 500  tons  of  open-hearth  steel 
rails,  and  2,872  tons  of  iron  rails.  The  total  pro- 
duction of  Bessemer  steel  rails  in  1897  amounted 
to  1,644,520  gross  tons,  against  1,116,958  tons  in 
1896. 

It  appears  from  the  last  number  of  the  Melbourne 
Journal  of  Commerce  that  some  excitement  has  been 
created  in  Victoria  by  the  announcement  that  the 
Government  has  accepted  an  American  tender  for  the 
supply  of  80  and  100  lb.  rails  and  lishplates  required 
by  the  Railway  Department.  There  were  five  tenders 
in  all,  consisting  of  two  American,  two  British,  and 
one  German  ; the  latter  and  one  of  the  first  named 
were  informal.  The  quantity  specified  was  12,789 
tons  of  steel  rails  and  1,250  tons  of  fishplates, 
and  the  lump  sums  of  three  tenders  were  : British, 
No.  I,  ^^81,256,  No.  2,  ;^79,274;  and  American 
^75,471,  delivered  at  Melbourne.  The  successful 
tenderer  was  the  Pennsylvania  and  Maryland  Steel 
Company  of  the  United  States,  the  relative  prices 
being  19s.  9d.  per  ton  for  the  rails,  and  about 
fi)  7s.  8d.  per  ton  for  the  fishplates,  delivered  at 
Melbourne,  3,505  to  be  delivered  in  six  months,  3,510 
tons  in  nine,  and  the  balance  in  twelve  months  from 
signing  of  contract. 


General  Notes. 

♦ 

Albany  College  of  Forestry. — A conference 
has  been  held  at  Albany  to  decide  upon  the  location 
of  30,000  acres  of  land  to  be  purchased  by  the  State 
for  the  establishment  of  a college  of  forestry  under 
the  authorisation  of  an  Act  of  the  last  legislature. 
Dr.  Fernow,  director  of  the  new  State  College  of 
Forestry  at  Cornell  University,  who  was  foraierly 


chief  of  the  Forestry  Division  of  the  Department  ofi 
Agriculture  at  Washington,  formulated  the  condi-i 
tions  which  the  Cornell  authorities  had  decided; 
necessary  for  land  for  the  purpose  of  the  new  college, 
and  a canvass  was  made  of  the  available  property  in 
the  Adirondack  woods  which  is  on  the  market.  This 
de\’eloped  that  there  were  not  more  than  three  or 
four  tracts  available,  which  it  is  believed  the  State 
could  readily  secure.  These  tracts  are  in  Hamilton 
and  Franklin  counties,  and  it  is  held  that  they  could 
be  purchased  at  less  than  six  dollars  an  acre.  No 
particular  plot  of  ground  has  been  decided  upon  as 
yet. — Scientific  A merican. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  June  20. ..Chemical  Industry  (London  Section), 
Burlington-house,  AV.,  8 p.m.  Dr.  Hans  Gold- 
schmidt and  Air.  Claude  A'autin,  “Aluminium  as 
a Heating  and  Reducing  Agent  (in  the  production 
of  Chromium  and  other  Metals).’’ 

Geographical,  L^niversity  of  London,  Burlington- 
gardens,  W.,  81  p.m.  Colonel  Sir  T.  Hungerford 
Holdich,  “ Tirah  : the  Geographical  Results  of  the 
Recent  Afridi  Campaign.’’ 

British  Architects,  g.  Conduit-street,  AV.,  8 p.m. 
Presentation  of  Royal  Gold  Aledal,  and  Address 
by  the  President. 

Tuesday,  June  21. ..Statistical  (in  the  Theatre  of  the  United 
Service  Institution),  AA'hitehall,  S.AV.,  5 p.m.  Mr. 
T.  A.  Coghlan,  “Deaths  in  Child-Birth.’’ 
Photographic,  12,  Hanover  - square,  AV.,  8 p.m. 
Captain  AA””.  de  AA^  Abney,  “ Photographic 
Images.’’ 

Zoological,  3,  Hanover-square,  AV.,  8]  p.m..  i.  Air. 
J.  Graham  Kerr,  “ Remarks  upon  Series  of  .Speci- 
mens of  Lepidosiren  and  other  Fishes  obtained  in 
Paraguay.”  2.  Mr.  G.  A.  Boulenger,  “Report  on 
the  Collection  of  Fishes  made  by  Air.  J.  E.  S. 
Aloore  in  Lake  Tanganyika  during  his  Expedition 
1895-96,  with  an  Appendix  by  Air.  J.  E.  S.  Aloore.” 
3.  Mr.  R.  I.  Pocock,  “ The  Scorpions,  Spiders, 
and  SolpHgee  collected  by  Air.  C.  Steuart  Betton  in 
East  Africa,  between  Alombasa  and  Uganda.” 

AVednesday,  June  22  ...  SOCIETY  OF  ARTS.  Conver- 
sazione at  the  Natural  History  Aluseum,  South 
Kensington,  9 p.m. 

Alining  and  Aletallurgy,  Geological  Aluseum,  Jerrayn- 
Street,  S.AV.,  8 p.m.  i.  Air.  Edgar  A.  Ashcroft, 
“ The  Treatment  of  Broken  Hill  Complex  Sulphide 
Ores  by  AVet  Extraction  Processes  and  the  Electro- 
lytic Deposition  of  Zinc.”  2.  Air.  A.  F.  Crosse, 
“Notes  on  the  Payable  Conglomerate  Beds  en- 
cased in  Sandstone,  and  the  Alining  Alethods  in 
use  for  their  Extraction  on  the  AVitwatersrand.” 
3.  Air.  George  Atwood,  “The  Density  of  Gold  and 
Silver  Alloys.” 

Friday,  June  24... Aeronautical  Society  (at  the  House  of  the 
Society  of  Arts),  4J  p.m.  Air.  G.  L.  0. 
Davidson,  “The  Flying  Alachine  of  the  Future.” 
Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  AV.,  5 p.m.  I.  Prof.  Carus  - AVilson, 
“ Exhibition  of  an  Apparatus  illustrating  the 
action  of  two  coupled  Electric  Alotors.”  2, 
Mr.  J.  Quick,  “Exhibition  of  AVeedon’s  Expansion 
of  Solids  Apparatus.”  3.  Dr.  F.  G.  Donnan 
“ The  Theory  of  the  Hall  Effect  in  a Binary 
Electrolyte.” 
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Notices. 


FRIDA  F,  JUNE  24,  1898. 


FINANCIAL  STATEMENT. 


All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  foltn-street,  Adelphi,  London,  W.C. 


The  following  statement  is  published  in  this 
week’s  Journal,  in  accordance  with  Sec.  40 
of  the  Society’s  ]>y-laws  : — 


TREASURERS’ 


STATEMENT  OF  RECEIPTS  AND 
YEAR  ENDING  MAY  31ST, 


EXPENDITURE  FOR  THE 

1898. 


Dr. 

s.  (1.  £ s.  d. 

To  Cash  in  hands  of  Messrs.  Coutts 

and  Co.,  31st  May,  1897 1)651  6 8 

Do.  in  hands  of  Secretary...  26  10  7 

„ , . ’'.677  17  3 

,,  ouDscnptions  5»i72  17  o 

„ Life  compositions  399  o o 

5)571  17  o 

„ Dividends  and  Interest 528  11  5 

,,  Ground  Rents 618  12  10 

„ Examination  Fees  1)284  2 6 

,,  Donations  to  Examination  Prize  Fund  : — 


Clothworkers’  Company 28  o o 

Leathersellers’  Company  5 5 o 

^Mercers’  Company  21  o o 

54  5 o 

,,  Donations  on  account  of  International  Con- 
gress on  Technical  Education 402  10  o 

,,  Conversazione,  1897  (sale  of  tickets;  98  5 o 

,,  Advertisements  332  16  ii 

,,  Sales,  &c.  : — 

“Cantor”  Lectures  21  ii  3 

Examination  Programmes 21  18  9 

Fees  for  use  of  meeting-room  . 47  15  6 

Journal  97  13  2 

“ Howard  ” Lectures 9 5 

Reports  of  Technical  Educa- 
tion Congress 3229 

Tickets  for  do.  do.  ...  43  10  o 


tion  Congress 3229 

Tickets  for  do.  do.  ...  43  10  o 

■ 265  o 10 


By  House : — 

Rent,  Rates,  and  Taxes 787  12 

Insurance,  Gas,  Coal,  House 
expenses  and  charges  inci- 
dental to  meetings  256  18 

Repairs  and  Alterations 112  13 

,,  Office : — 

Salaries  and  wages  2,131  8 

Stationery,  Office  Printing  and 

Lithography  298  4 

Advertising 88  19 

Postage  Stamps,  Messengers’ 

Fares,  and  Parcels  222  i 


d.  £ 8.  d. 

o 


9 


o 

- 1)157  3 9 


9 

o 

o 

7 


2,740  13  4 

,,  Library,  P)Ookbinding,  &c 54  16  8 

,,  Conversazione  (1897) 456  18  3 

,,  Journal,  including  Printing  and  Publishing..  2,162  6 4 

,.  Advertisements  (Agents  and  Printing)  298  7 lo 

,,  Examinations  i)i9i  5 10 

„ Medals 


Albert  24  16  6 

Society’s  23  6 o 


48  2 6 

,,  Bookbinding  Exhibition  19  4 8 

,,  “Stock”  Prize 20  o o 

,,  “ .Shaw  ” Prize  20  6 6 

,,  “Owen  Jones”  Prizes 22  i o 

,,  Drawing  Society’s  Prizes ii  2 o 

,,  “Cantor”  Lectures 233  11  8 

,,  Juvenile  Lectures  23  10  o 

,,  “Howard”  Lectures  10  16  2 

, , Sections  : — 

Applied  Art 62  12  o 

Foreign  and  Colonial  50  16  o 

Indian  78  5 4 

191  13  4 

,,  International  Congress  on  Technical  Edu- 
cation  592  14  2 

,,  Committee  on  Deterioration  of  Paper  •. 47  2 8 

,,  Committees  (General  Expenses)  8 3 q 


,,  Cash  in  hands  of  Messrs.  Coutts 


and  Co.,  May  31st,  1898  i)495  16  i 

Do.  in  hands  of  Secretary 28  2 3 


9,310  o 


1)523  18 


5 


4 


^^10,833  18  9 
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Liabilities. 


Assets. 


To  Accounts  due 290  7 8 

,,  Examiners’  Fees  542  6 o 

,,  Examination  Prizes  and  Medals  ...  93  o o 

,,  Sections  ; — Applied  Art,  Foreign 

and  Colonial  and  Indian  170  o o 

„ Accumulation  under  Trusts  440  6 6 

1,536  o 2 

,,  Excess  of  assets  over  liabilities  20,833  ^9  ^ 


£ s.A.£  s. 

By  Society’s-  Funds  invested  as 
follows,  and  worth  on  31st 
May,  1898: — 

;^i, 542  I2S.  Consols ...  1,723  17  I 

£^00  Canada  4 per  Cent.  Stock.  530  o o 
£500  South  Australia  4 per  Cent. 

Stock 547  10  o 

£S30  ios.  id.  New  South  Wales 

3I  per  Cent.  Stock  572  18  10 

£soo  New  South  Wales  4 per 

Cent.  Stock 595  o o 

£21'/  Great  Indian  Peninsula 
Railway  4 per  Cent.  Deben- 
ture Stock  359  2 8 

;i^i,5oo  Queensland  4 per  Cent. 

Bonds  1)590  o o 

;^5oo  Natal  4 per  Cent.  Stock  ...  595  o o 

Ground  Rents  (amount  invested)  10,490  2 9 

New  River  Company  Share 

(New) 432  10  o 

17,452  I 

„ Subscriptions  of  the  year  un- 
collected   466  4 o 

,,  Arrears,  estimates  as  recover- 
able   170  o o 


636  4 

,,  Property  of  the  Society  (Rooks,  Pictures,  &c.)  2,000  o 
,,  Advertisements  on  the  Books,  due,  and  in 


course  of  execution  357  16 

,,  Cash  in  hands  of  Messrs.  Coutts  and  Co., 

31st  May,  1898 1,495  16 

,,  Do.  on  Deposit  (interest  on  Trusts) 400  o 

,,  Do.  in  hands  of  Secretary  28  2 


d. 


o 

0 

2 

1 

o 

3 


£22,36q  19  10 


Investments  &c.,  Standing  in  the  Name  of  the  Society  (including  Trusts  as  below). 


Ground  Rents  (amount  of  cash  invested)  £iy,66q  4 o 

Consols  3,146  12  3 

Metropolitan  Railway  4 per  Cent.  Perpetual  Preference  Stock  500  o o 

Bombay  and  Baroda  Railway  5 per  Cent.  Guaranteed  Stock  2,450  o o 

Canada  4 per  Cent.  Stock  923  o o 

South  Australia  4 per  Cent.  Stock  ^5  16  o 

New  South  Wales  3I  per  Cent.  Stock 530  10  i 

New  South  Wales  4 per  Cent.  Stock 500  o o 

Great  Indian  Peninsula  Railway  4 per  Cent.  Guaranteed  Debenture  Stock  2,170  o o 

Queensland  4 per  Cent.  Bonds 1,500  o o 

Natal  4 per  Cent.  Stock  500  o o 

New  River  Company  Share  (New) 100  o o 

Cash  on  Deposit  with  Messrs.  Coutts  and  Co 400  o o 


Trust  Funds  Included  in  the  Above. 


1.  Dr.  Swiney’s  Bequest ;^4,5oo  o o 

2.  “ John  Stock  Trust  ” 100  o o 

3.  “ Benjamin  Shaw  ” Trust  for  Industrial 

Hygiene  133  6 8 

4.  North  London  Exhibition  Trust 192  2 i 

5.  “ Fothergill  ” Trust  388  i 4 

6.  J.  Murray,  in  aid  of  a Building  Fund  54  18  o 

7.  Subscriptions  to  an  Endowment  Fund 562  2 2 

8.  Dr.  Aldred’s  Bequest 173  10  o 

9.  Thomas  Howard’s  Bequest 500  o o 

10.  Dr.  Cantor’s  Bequest 4,600  o o 

11.  “ Owen  Jones  ” Memorial  Trust  423  o o 

12.  “ Mulready  ” Trust 105  16  o 

13.  Alfred  Davis’s  Bequest i,953  o o 

14.  Accumulated  Interest  on  Trust  Funds 400  o o 


Invested  in  Ground-rents  (costing  ;^4,477  10  o),  and  chargeable 
with  a sum  of  ;^200  once  in  five  years. 

Consols,  chargeable  with  the  Award  of  a Medal. 

„ ,,  ,,  of  Interest  as  a Money  Prize. 

,,  ,,  ,,  of  a Medal. 


,,  chargeable  with  the  Award  of  a Prize. 

Metropolitan  Railway  4 per  Cent.  Perpetual  Preference  Stock, 
chargeable  with  the  Award  of  a Prize  for  an  Essay. 

Invested  in  Bombay  and  Baroda  Railway  Stock  (as  above)  and 
Ground-rents  (costing  £2,6g$  ii  3).  Interest  applied  to 
the  Cantor  Lectures. 

Canada  4 per  Cent.  Stock,  chargeable  with  the  Award  of  Prizes 
to  Art  Students. 

South  Australia  4 per  Cent.  Stock,  the  Interest  to  be  applied  to 
keeping  Monument  in  repair  and  occasional  Prizes  to  Art 
Students. 

Great  Indian  Peninsula  Railway  4 per  Cent.  Guaranteed 
Debenture  Stock.  Interest  at  the  disposal  of  the  Council 
for  promoting  the  objects  of  the  Society. 

On  Deposit  with  Messrs.  Coutts  and  Co. 


7 he  Assets,  represented  by  Stock  at  the  Bank  of  England,  and  Securities,  Cash  on  Deposit,  and  Cash 
balance  in  hands  of  Messrs.  Coutts  and  Co.,  as  above  set  forth,  have  been  duly  verified. 


Henry  Trueman  Wood,  Secretary. 

Society’s  House,  Adelphi,  20th  June,  1898. 


B.  Francis  Cobb  4 
Owen  Roberts  / 


Treasurers. 


Andreav  D.  Chadavick,  F.C.A.,  Auditor. 
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ANNUAL  GENERAL  MEETING. 

The  Council  hereby  ^>-ive  notice  that  the  One 
Hundred  and  Forty-fourth  Annual  General 
Meeting’  for  the  purpose  of  receiving  the 
Council’s  Report  and  Treasurers’  Statement  of 
receipts,  payments,  and  expenditure  during-  the 
past  year,  and  also  for  the  election  of  officers 
and  new  members,  will  be  held  in  accordance 
with  the  By-laws  on  Wednesday,  29th  June, 
at  4 p.m. 

(By  order  of  the  Council), 

Henry  Trueman  Wood, 

Secretary. 


CONFERS  A ZIONE. 

The  Society’s  Conversazione  was  held  at 
the  Natural  History  Museum,  Cromwell-road, 
S.W.,  on  Wednesday  evening,  22nd  inst. 

The  Reception  was  held  in  the  Central  Hall 
of  the  Museum,  by  Major-General  Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.,  Chairman, 
and  the  following  Members  of  the  Council  : — 
Captain  W.  de  W.  Abney,  C.B.,  F.R.S.,  the 
Attorney-General,  G.C.M.G.,  M.P.,  Sir  Steuart 
Colvin  Bayley,  K.C.S.I.,  Lord  Belhaven  and 
Stenton,  Mr.  Francis  Cobb,  Mr.  Lewis  F.  Day, 
Major-Gen.  Sir  John  Donnelly,  K.C.B.,  Mr. 
Joseph  G.  Gordon,  Mr.  W.  H.  Preece,  C.B., 
F.R.S.,  Prof.  Roberts-Austen,  C.B.,  F.R.S., 
Lord  Strathcona  and  Mount  Royal,  G.C.M.G., 
Mr.  W.  L.  Thomas,  and  Prof.  J.  M.  Thomson, 
LL.D.,  F.R.S. 

Promenade  Concerts  were  given  by  the 
String  Band  of  the  Royal  Marine  Light  In- 
fantry (George  Miller,  Mus.Bac.,  conductor) 
in  the  Central  Hall,  and  by  the  Red  Hungarian 
Band  (Feher  Poldi,  leader)  in  the  Bird  Gallery. 

The  number  of  visitors  attending  the  Con- 
versazione was  1,679. 


PRACTICAL  EXAMINATIONS  IN 
MUSIC. 

The  Practical  Examinations  in  Vocal  and 
Instrumental  Music  will  be  conducted  by  Mr. 
John  Farmer,  Balliol  College,  Oxford,  and 
13irector  of  the  Harrow  Music  School,  Examiner, 
and  Mr.  Ernest  Walker,  M. A.,  Mus.Bac. ,Oxon, 
and  Mr.  Burnham  Horner  (organ).  Assistant 
Examiners,  at  the  House  of  the  Society,  and 
will  commence  on  Monday,  27th  June. 


EXHIBITION  OF  ACETYLENE 
GENERATORS. 

The  Exhibition  of  Acetylene  Gas  Generators 
was  opened  at  the  Imperial  Institute,  on 


Wednesday,  the  5th  inst.,  by  Major-General 
Sir  Owen  Tudor  Burne,  G.C.I.E.,  Chairman  of 
the  Council  of  the  Society  of  Arts.  Twenty- 
six  generators  are  shown  by  24  exhibitors. 
The  Exhibition  was  organised  by  the  Imperial 
Institute  at  the  suggestion  of  the  Acetylene 
Illuminating  Company,  who  are  manufacturers 
of  carbide  of  calcium  at  Foyers,  d he  gene- 
rators have  been  erected  in  a temporary  iron 
building,  set  up  for  the  purpose,  in  the  South- 
west quadrangle  of  the  Institute,  the  building 
being  of  much  the  same  character  as,  but  on  a 
larger  scale  than,  buildings  which  might  serv’e 
to  contain  generators  to  be  employed  for  the 
illumination  of  country  houses.  Each  apparatus 
is  connected  by  a separate  service  pipe  to  a 
seven-light  gasalier,  inside  one  of  the  ground 
floor  exhibition  galleries  of  the  Institute,  so 
that  the  lighting  power  of  the  gas  may  be 
shown.  The  portion  of  the  galler}',  where 
these  gasaliers  are  fitted,  is  now  entirely 
illuminated  by  acetylene.  In  addition  to  this, 
the  North  Gallery  has  been  devoted  to  exhibits 
of  generators,  lamps,  burners,  and  various 
appliances  used  in  connection  with  acetylene 
illumination,  this  apparatus  not  being  shown 
in  action.  The  generators  have  all  been 
tested  by  the  Committee  appointed  for  the 
purpose  by  the  Society  of  Arts,  and  have  only 
been  admitted  to  the  Exhibition  after  passing 
the  test  laid  down  by  the  Committee. 

In  opening  the  Exhibition,  Sir  Owen  Burne 
gave  a short  description  of  the  manner  in 
which  the  gas  was  produced  from  calcium 
carbide,  moistened  with  water,  and  spoke 
favourably  of  the  prospects  of  the  new  illu- 
minant  for  use  in  situations  where  coal-gas  or 
electricity  could  not  conveniently  be  supplied. 
He  also  referred  to  the  assistance  which  had 
been  rendered  by  the  London  County  Council 
in  placing  at  the  disposal  of  the  Committee 
the  Council’s  premises  in  the  Harrow-road,  for 
use  as  a testing  station.  It  is  intended  to 
keep  the  Exhibition  open  until  the  end  of 
August. 


EFFECT  OF  THE  COTTON  SPINNING 
INDUSTRY  IN  CHINA  UPON  THE 
KINDRED  INDUSTRY  IN  INDIA. 

By  Walter  C.  Wood,  M.I.M.E., 

Late  Examiner  in  Cotton  Spinning  to  the  Victoria  Technical 
Institute,  Bombay. 

In  order  to  arrive  at  a true  and  correct 
estimate  as  to  what,  in  the  near  future,  will  be 
the  effect  of  Chinese  competition  upon  the 
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Indian  cotton  spinning  industry,  it  will  be 
necessary  to  compare,  in  as  many  ways  as 
possible,  the  bases  upon  which  this  industry  is 
conducted  in  both  countries  ; and  from  the 
more  points  we  can  view  the  subject,  the 
more  chances  have  we  in  arriving  at  the 
truth.  In  addition  to  comparing  the  climate, 
mills,  machinery,  and  work-people,  we  must 
also  compare  the  commercial  solidity  of  the 
firms,  and  the  ways  they  have  of  doing 
business. 

Although  Bombay  is  the  great  seat  of  the 
cotton  industry  in  India,  cotton  spinning  and 
manufacturing  are  to  be  found  in  many  other 
parts  of  the  Empire.  The  trade  is  successfully 
carried  on  in  Calcutta  and  Madras,  in  the 
Punjaub  and  Central  Provinces,  in  Southern 
India,  and  in  Ceylon. 

But  it  is  not  of  these  mills  I wish  to  speak, 
as  they  are  employed  in  spinning  yarn  for  local 
requirements,  or  have  exclusive  markets  of 
their  own,  and,  consequently,  will  not  be 
effected  by  this  Chinese  competition. 

Bombay  possesses,  par  excellence,  all  the 
necessary  qualifications  for  this  industry  to 
take  deep  root  and  to  flourish.  Here  is  the 
great  centre  to  which  Indian  grown  cotton  is 
sent,  and  here  is  by  far  the  largest  and  most 
important  market  in  India.  During  eight 
months  of  the  year  there  is  practically  no  rain, 
and  the  unique  sight  of  tens  of  thousands  of 
bales  of  cotton  of  all  grades  may  be  seen  piled 
up  in  the  open  air  on  the  huge  cotton  green  at 
Colaba.  Here  it  is  bought  for  shipment 
abroad,  and  also  for  the  requirements  of  the 
adjacent  cotton  mills. 

A comparison  of  the  progress  and  expansion 
of  the  trade  during  the  last  twenty  years  is  both 
interesting  and  instructive.  We  find,  that  in 
1877  there  were,  in  the  island  of  Bombay,  31 
mills,  containing  8-95,204  spindles  and  8,433 
looms,  employing  20,347  workers,  and  consum- 
ing 1-61,220  bales  of  cotton  of  392  lbs.  each. 
In  1896,  there  were  71  mills,  containing 
21-86,323  spindles,  and  21,335,  employing 
7^H55  workers,  and  consuming  8-49,678  bales 
of  cotton,  also  of  392  lbs.  each. 

Out  of  a population,  at  the  end  of  1896 
(before  Bombay  was  decimated  by  the  plague), 
of  800,000,  roughly  speaking,  it  may  be  safely 
said  that  this  industry  supported,  directly  and 
indirectly,  one-fourth  of  the  people.  In  addi- 
tion to  this,  its  beneficial  effects  are  very 
far  reaching.  Immense  numbers  of  workers 
leave  Bombay  every  year,  for  a month  or  more, 
to  visit  their  native  country,  taking  with  them 
their  hard-earned  savings,  either  to  invest  in 


land,  or  to  improve  land  already  in  possession 
of  themselves  or  their  families. 

It  will  easily  be  seen  that  a large  sum  of 
money  is  thus  annually  put  into  circulation  in 
these  agricultural  districts  where,  to  say  the 
least,  there  is  very  little  ready  cash  floating 
about,  as  may  be  judged  from  the  fact  that  a 
man’s  daily  wage  is  two  annas  only  (about 
twopence).  Another  benefit  to  the  community 
is  that  these  thousands  of  country  people  are 
brought  immediately  into  contact  with  system, 
order,  and  punctuality,  and  have  to  be 
amenable  to  rules  and  regulations.  They  are 
taught  to  be  smart,  decisive,  and  obedient, 
and  can  see  by  the  ultimate  effect  on  their 
own  work  and  wages,  how  much  better  it  is  for 
them  to  work  systematically,  than  in  their  old 
habits  of  ease.  These  people  are  not  natives 
of  Bombay,  but  come  principally  from  the 
South  Kon  Kan  (Rutuagherry  in  particular). 
They  are  essentially  agriculturists,  and,  as 
remarked  before,  either  own  land  themselves, 
or,  through  their  families,  retain  their  interest 
in  agriculture.  From  a commercial  aspect,  this 
is  a distinct  disadvantage,  for  each  man  has 
had  to  serve  a sort  of  apprenticeship,  and  has 
only  arrived  at  a skilful  state  through  entailing 
a certain  amount  of  cost  to  the  concern  where 
he  may  have  been  trained.  And  it  does  seem 
a pity  that  when  this  raw  material  should  have 
become  of  value,  it  betakes  itself  again  to  its 
native  country,  and  relapses  into  its  former 
state  of  uselessness.  In  order  to  prevent  this 
loss  of  trained  labour,  an  experiment  is  being 
tried  this  year,  by  the  Bombay  Masters’  Asso- 
ciation, at  the  suggestion  of  Messrs.  Tata  of 
Bombay  (who  are  large  employers  of  labour), 
of  importing  hands  from  an  entirely  new  dis- 
trict. Their  proposal  is  to  import  workers  from 
the  North-West  Provinces,  and  in  order  to 
give  the  thing  a trial  a sum  of  Rs.  3000  has 
been  voted. 

Men,  women,  and  children  find  employment. 
The  men  and  boys  mind  the  machines, 
whilst  the  children  are  employed  in  “doffing 
bobbins,”  that  is,  in  taking  off  the  machines 
the  bobbins  of  full  material,  and  replacing 
them  with  empty  ones.  The  women  are  en- 
gaged in  reeling  the  yarn  into  hanks,  in  which 
state  it  is  sold,  either  to  merchants  or  to  con- 
sumers. It  is  interesting  to  note  that  the  staff 
varies  according  to  the  caste  of  the  proprietors 
or  agents.  If  a Parsee,  for  instance,  happens 
to  be  the  managing  director,  then,  in  all  the 
important  positions,  his  co-religionists  pre- 
dominate. 

The  hours  worked  are  from  light  to  dark  ; 
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that  is,  from  6 a.m.  to  6 p.m,  in  the  shortest 
days,  and  from  5 a.m.  to  7 p.m.  in  the  longest 
days,  with  half  an  hour’s  rest  in  the  middle  of 
the  day.  Of  course,  although  the  machinery 
is  running  this  length  of  time,  the  individual 
workers  are  not  continuously  employed,  for 
they  go  into  the  mill  compound  to  take  their 
meals,  and  to  smoke  their  biddies  or  native 
cigarettes,  two  or  three  times  during  the  day. 

The  work  is  not  physically  hard.  In  reality, 
the  principle  duty  of  the  workers  is  to  keep  an 
eye  on  the  machines,  which  have  now  arrived  at 
such  a wonderful  state  of  perfection,  that  the 
greatest  business  they  have  to  do,  is  to  piece 
up  broken  ends,  and  replenish  the  machines 
with  material  when  required,  and  to  take 
away  the  cotton  as  it  is  completed  in  each 
process.  Inside  the  mills  the  temperature  is 
naturally  high.  The  writer  has  many  times 
taken  the  variations  in  rooms  at  different  times 
of  the  day,  and  from  these  observations  it 
would  be  safe  to  say  that  the  heat  varies  from 
90°  to  110°,  the  latter,  of  course,  only  during 
the  hottest  weather.  The  natives  meet  this  by 
discarding  clothes,  and  only  wear  a piece  of 
cotton  cloth  round  their  loins,  and  do  not 
appear  to  be  much  affected  by  it.  One  might 
think  that  the  atmosphere  of  Bombay  would 
be  exceedingly  dry,  such,  however,  is  not  the 
case,  except  during  the  months  of  December, 
January,  and  February,  when  the  north-east 
monsoon  blows,  which,  being  a land  wind, 
makes  a great  difference  in  the  atmosphere. 
A great  amount  of  frictional  electricity  is  then 
generated  by  the  machines,  and,  consequently, 
the  cotton  does  not  spin  nearly  as  well  as  when 
the  air  is  more  moist. 

As  a rule,  the  mills  are  very  carefully 
managed.  Much  more  attention  to  minute 
detail  is  paid  than  in  mills  at  home.  In  all  of 
them  a daily  report  is  made  of  the  previous 
day’s  working,  containing  exact  information  of 
the  minutest  events  which  may  have  happened. 

They  give  in  detail,  for  instance,  the  number 
of  hours  the  engine  worked,  number  of  revo- 
lutions it  made,  number  of  pounds  of  coal  con- 
sumed, the  pounds  of  yarn  spun,  the  amount 
of  waste  each  machine  made,  and  a host  of 
other  particulars.  This  minute  entering  into 
detail  is  work  in  which  Orientals  excel,  they 
take  an  intense  delight  in  working  out  every- 
thing that  can  be  laid  hold  of,  and  reducing  it 
to  decimals,  and  then  asking  their  managers 
for  explanations.  They  often  strain  at  a gnat, 
and  let  thousands  of  rupees  be  lost  through 
inability  to  use  plain  practical  common  sense 
and  promptitude. 


During  the  last  ten  years  the  cotton  industry 
in  Bombay  has  progressed  by  leaps  and  bounds. 
To  an  outsider  it  would  indeed  appear  as  if  the 
trade  were  in  a most  prosperous  condition. 
On  giving  the  matter  a moment’s  reflection, 
however,  one  is  tempted  to  ask  oneself  this 
question  : Are  these  new  mills  the  result  of 
bo7id  fide  prosperity  in  trade,  or  are  they 
floated  as  pure  speculations  ? 

Now,  in  India  there  is  a very  peculiar  way 
of  doing  business.  Suppose,  for  instance,  three 
or  four  persons  possessing  a few  thousand 
pounds  between  them  desire  to  float  a cotton 
spinning  concern,  what  do  they  do?  Well, 
they  get  togetlier  a board  of  directors,  register 
the  company,  elect  themselves  as  agents  or 
managing  directors.  In  their  articles  of 
association,  they  take  very  great  care  to 
insert  a clause  empowering  them  to  charge 
a quarter  of  an  anna  commission  on  every 
pound  of  yarn  spun,  or  of  cloth  manufactured. 
This  commission  is  paid  to  them  whether  the 
mill  works  at  a profit  or  a loss. 

I cannot  do  better  than  quote  from  a 
pamphlet  on  “Observations  on  the  Manage- 
ment of  Cotton  Mills,  and  Suggestions  for 
Amendments  in  the  Indian  Company’s  Act,”  by 
Dhunjibhoy  D.  Dady,  published  in  Bombay  in 
1894.  Paragraph  10  reads  as  follows  : — 

“ I would  here  premise  that  cotton  mills  are  estah- 
lished  not  as  the  directors  and  agents  of  these  con- 
cerns would  have  us  believe — and  as  often  expressed 
in  public  ])iints— to  i)romote  India’s  industries.  I 
boldly  assert,  without  (ear  of  being  contradicted,  that 
these  concerns  are  floated  with  the  simple  object  of 
earning  jnincely  commissions.  That  man  must  have 
been  a veritable  genius  who  first  hit  upon  the  happy 
thought  of  charging  commission  at  so  much  per  every 
pound  of  yarn  and  cloth  ])roduced  by  the  mills,  I 
repeat  emphatically,  that  were  it  not  for  this  happy 
mode  of  earning  commission,  whether  the  companies 
were  working  at  a profit  or  at  a loss,  the  directors 
and  agents  Avouhl  never  have  bothered  their  brains 
about  promoting  India’s  industries.  They  would 
have  soon  left  India’s  industries  to  go  to  the  walls  for 
what  they  cared.” 

Then,  again,  it  often  happens  that  the 
directors  and  agents  are  unable  to  raise  suHi- 
cient  capital  to  p.ay  for  the  buildings  and 
machinery,  and  to  work  the  concerns.  In  this 
case  debenture  shares  are  created,  and  loans 
are  raised  at  a high  rate  of  interest.  With  the 
result,  that  what  profit  the  mill  had  made  goes 
to  the  agents,  in  shape  of  commissions,  and 
in  interest  to  loan  capital.  The  writer  calls 
to  mind  a case  in  which  one  lac  of  rupees 
annually  was  swallowed  up  in  this  manner, 
whilst  the  poor  shareholders  got  nothing. 
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Many  mills  in  Bombay  are  floated  on  these 
unsound  lines,  and  the  only  conclusion  one 
can  arrive  at,  after  carefully  perusing  their  re- 
spective balance-sheets,  is  that  if  a period  of 
prolonged  badness  of  trade  were  to  set  in,  they 
would  fall  from  their  insecure  foundations,  and 
general  ruin  would  be  the  result.  Indeed,  the 
bad  time  they  have  just  gone  through  on 
account  of  the  plague,  when  nine-tenths  of  the 
hands  fled  from  Bombay,  must  very  seriously 
have  effected  some  of  them.  The  agents  kept 
as  much  of  the  machinery  running  as  they 
could,  and  had  to  pay  50  per  cent,  more  wages 
to  the  few  workers  who  remained  behind.  Their 
idea  was  to  keep  the  mills  working  at  any  cost 
with  the  following  results — less  production, 
worse  quality,  greater  w'astage,  machinery 
suffering  through  unskilful  management.  Some 
mills  were  entirely  closed  for  a few  weeks,  but 
the  majority  managed  to  keep  a part  of  the 
machinery  working. 

In  addition  to  the  agents  making  princely 
incomes  from  these  concerns,  many  of  their 
relations  or  friends  manage  to  come  in  for  some 
remarkably  good  pickings.  It  is  really  sur- 
prising what  a number  of  separate  and  distinct 
businesses  can  be  created,  hanging  on  to  and 
living  upon  the  mills.  You  have,  for  instance,  the 
cotton  selector,  the  cotton  broker,  the  mucca- 
dum  or  man  who  carts  the  cotton  from  the 
market  to  the  mill,  a man  who  makes  a very 
respectable  fortune  in  a very  few  years.  Then 
there  is  the  coal  broker,  the  coal  watcher,  the 
coal  muccadum,  in  fact  where  a department 
can  be  created  it  is,  and  the  happy  possessor 
of  that  plum  soon  becomes  rich  and  happy. 

As  to  the  mills  and  machinery,  they  are 
fitted  with  the  latest  improvements  in  engines, 
boilers,  and  machinery  in  general.  No 
expense  is  spared  to  equip  them  with  the  most 
modern  appliances.  They  can  fully  bear  the 
closest  comparison  with  the  most  up-to-date 
concerns  at  home.  The  work-people  are 
skilled  and  attentive,  and  use  the  machinery 
well.  In  most  concerns  there  is  a European 
manager  who  acts  as  a sort  of  supervisor.  It 
is  a surprising  fact,  that  although  the  natives 
have  been  familiar,  and  have  become  expert  in 
the  use  of  cotton  spinning  machinery  for  over 
thirty  years,  they  have  practically  done  nothing 
themselves  in  making  improvements.  They 
accept  and  appreciate  new  ideas  as  they  are 
brought  out,  yet  they  seem  incapable  of 
originating  anything  themselves— an  Oriental 
trait.  They  are  wonderful  copyists,  but  poor 
originators. 

The  oldest  cotton  spinning  mill  in  China  has 


not  been  erected  more  than  about  nine  years. 
It  is  true  that  a large  mill  was  erected  by 
Li  Hung  Chang,  in  Shanghai,  a few  years 
before  then,  but  this  mill  was  unfortunately 
burned. 

Since  1891,  great  progress  has  been  made. 
In  Shanghai  alone,  there  are  no  less  than 
eleven  cotton  mills.  In  the  first  six  months 
of  1897  five  new  concerns  commenced  working, 
whilst  up  country  several  mills  are  already 
working,  and  there  are  numerous  inquiries 
from  projected  new  companies.  So  that  it 
seems  as  if  this  industry  had  now  established 
itself  on  a firm  basis. 

Naturally  the  first  concerns  were  founded 
and  worked  by  Chinese,  with  European  super- 
vision over  the  machinery.  They,  themselves, 
superintended  the  commercial  department,  so 
far  with  anything  but  satisfactory  results. 

In  his  own  opinion,  John  Chinaman  is  a 
wonderful  man,  even  if  he  does  most  things  in 
exactly  the  opposite  way  to  what  he  should. 
He  has  neither  the  faintest  idea  of  taking  stock 
nor  of  balancing  his  books  at  the  end  of  the 
year  as  he  ought  to  do. 

The  Chinese  have  only  one  holiday  in  the 
year,  and  that  is  at  their  new  year,  which  date 
is  movable,  but  generally  falls  sometime  in 
February.  This  is  the  time  they  square  up 
everything,  and  pay  olf  all  their  debts.  Any- 
one not  being  able  to  pay  all  his  accounts,  and 
to  start  the  new  year  with  a clean  sheet,  is 
posted  as  a defaulter,  and  is  looked  upon  with 
suspicion  by  everyone.  It  is  considered  a 
family  disgrace  not  to  pay  everyone  up  at  that 
time.  Naturally  the  people  are  preparing 
some  weeks  before  hand  to  arrange  their 
business,  so  that  they  can  clear  off  all 
outstanding  accounts  and  be  in  a position  to 
start  de  novo.  From  what  one  can  see,  this  is 
the  time  John  can  tell  whether  he  has  made  a 
profit  or  a loss  in  his  business  during  the  past 
year.  He  pays  all  his  debts,  and  then  sees 
how  much  money  he  has  left,  and  so  estimates 
his  gains  or  losses.  As  we  before  remarked, 
the  cotton  spinning  industry  has  not  turned  out 
a very  profitable  speculation  when  under  exclu- 
sive Chinese  management.  The  fact  is,  John 
tried  to  run  before  he  had  learned  to  walk.  He 
was  certain  he  knew  how  to  manage  a large 
concern,  though  he  had  had  no  previous  train- 
ing, and,  in  fact,  knew  far  better  than  the 
Europeans  he  had  specially  engaged  to  teach 
him.  The  only  natural  results  followed:  he 
lost  money  and  gained  sense,  with  the  result 
that  most  of  the  mills  owned  by  Chinese  in 
I Shanghai  either  have  been,  or  are,  now  in 
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process  of  being-  transferred  to  European  com- 
panies, to  be  worked  and  managed  on  exclusive 
European  lines.  One  thing  John  intensely 
dislikes,  and  indeed  seems  utterly  unable  to 
do— that  is,  to  look  after  “ little  things.”  He 
has  only  one  spot  where  he  can  be  touched, 
and  that  is — his  pocket.  He  has  a decided 
objection  to  spend  money,  and  an  all-con- 
suming desire  to  make  it.  In  furtherance  of 
this  weakness,  he  makes  up  his  mind  he  will 
not  pay  high  wages — and  he  does  not.  He 
engages  numbers  of  what  we  should  call 
“look-see  ” men  ; that  is,  gentlemen  who  are 
employed  in  walking  round  the  mills  to  “ look- 
see  ” if  others  are  attending  to  their  work. 
From  a close  and  careful  observation  of  these 
men,  their  commercial  value  would  not  be  one 
dollar  per  dozen.  “ Eyes  have  they,  but  see 
not;  ears  have  they,  but  hear  not.”  The 
wages  of  these  gentlemen  vary  from  20  dollars 
per  month  down  to  6 dollars.  Average  them  at 
10  dollars  ; the  value  of  the  dollar  to-day  is 
2s.,  which  gives  them  some  5s.  per  week  of 
wages.  It  must  be  borne  in  mind  that  they 
are  married  men,  and  have  to  support  families 
on  this  small  sum.  When  one  looks  at  the 
gorgeous  silks  and  satins  in  which  they  are 
arrayed,  one  is  tempted  to  ask  one’s  self. 
How  do  they  manage  to  dress  and  live  on 
such  pay  ? To  an  outsider  this  would  be  a 
subject  for  anxious  inquiry,  but  to  one  who 
knows,  the  answer  is  given  in  one  word, 
“ Squeeze,”  with  a big  capital  “ S.” 

Yes.  Squeeze  is  the  the  beginning  and 
the  ending  of  all  business  in  China.  It  is 
the  life  thought  of  the  proprietor’s  servant, 
who  receives  some  six  dollars  a month  as 
pay,  and  who  somehow  or  other  manages  to 
keep  a wife  and  family  in  good  condition, 
can  dress  in  “crushed  strawberry”  silk 
breeches,  and  a gorgeous  lavender-coloured 
satin  coat.  You  may  rack  your  brains  in  trying 
to  elucidate  the  problem  as  to  how  it  is  done, 
and  find  no  answer.  Perhaps,  however,  during 
the  process  of  investigation,  you  may  want  to 
see  his  master  on  business.  He  cannot  be 
approached,  for  he  is  a mandarin  of  sorts, 
without  your  being  announced  by  his  servant. 
Having  sent  in  your  card  with  a request  that 
you  wish  to  see  him  on  a matter  of  important 
business,  the  servant  returns  and  says  he  is 
very  sorry,  his  master  is  asleep  and  cannot 
be  awakened,  or  he  is  sick  and  cannot  be 
seen.  You  return  next  day,  when  the  same 
or  other  plausible  answer  is  given,  and  so 
on,  till  you  wake  up  to  the  truth,  and  pay. 
Then  you  can  understand  the  silks  and 


satins,  and  other  trifles  which  w’ere  a mystery 
before. 

And  so  it  is  in  all  grades,  from  the  highest 
to  the  lowest,  and  from  the  richest  to  the 
poorest,  the  great  problem  is  How  can  we  get 
a squeeze  ? Everything  has  to  lx*  paid  for. 
It  is  a g-ame  of  chance ; you  approar  h the 
official — whoever  he  may  be,  and  intimate  to 
him  you  are  wishful  for  service,  and  what  yen 
are  prepared  to  pay.  Jt  is  a case  of  - ash 
down  ; you  have  to  part  there  and  then,  and  on 
the  strength  of  this  “ comshaw,”  or  squ«*eze, 
he  approaches  the  principal,  and  represents 
your  case  to  him.  If  he  is  eloquent,  or  has 
sufficient  influence  with  his  master,  you  obtain 
employment  ; if,  on  the  other  hand,  he  fails, 
you  have  paid  your  squeeze  and  lost.  You 
have  had  your  chance,  and  missed.  One 
thing,  however,  remains — the  squeeze  is  never 
returned. 

Not  only  upon  men  is  there  a squeeze,  but 
upon  everything  that  is  bought.  Only  the 
other  day,  having  occasion  to  check  eight 
large  rolls  of  leather  belting  which  had  been 
purchased  from  a Chinese  store,  each  roll  was 
found  to  be  40  feet  short  in  length  ; in  all, 
320  feet.  On  referring  to  the  storekeeper’s 
books,  everything  was  found  to  have  been 
checked  and  entered  as  correct.  But  where 
were  the  320  feet  ? There  is  only  one  answer  : 
they  had  gone  in  squeeze. 

The  first  thing  which  would  strike  an  out- 
sider on  walking  through  one  of  the  mills 
under  Chinese  management,  is  the  excessive 
dirtiness  around  him.  It  is  a fact  that  a 
Chinaman  cannot  see  dirt.  He  will  actually 
fall  down  through  slipping  on  a dirty,  greasy 
floor,  and  next  day  repeat  the  process,  without 
it  ever  striking  him  to  remove  the  cause.  They 
are  dirty,  filthy,  alike  from  the  highest  to  the 
lowest.  Dirt  and  disorder  is  the  last  thing 
they  can  or  will  see.  Their  houses  are  never 
cleaned,  they  have  no  comforts  and  not  many 
wants. 

That  nation  which  has  the  most  wants  or 
desires  is  the  most  civilised — China  has  very 
few.  Her  great  desire  is  to  be  left  alone  in 
her  dirt  and  squalor  and  to  be  allowed  to  go 
on  as  she  has  gone  on  for  centuries  past.  She 
cannot  bear  the  poking  up  she  is  now  receiving 
at  the  hand  of  the  foreigners.  When,  however, 
John  has  been  thoroughly  aroused  and  brought 
into  line  he  is  anything  but  a fool. 

In  making  a comparison  between  the  work- 
people, a wonderful  difference  is  at  once  noticed 
between  the  Hindoos  and  Chinese.  The  customs, 
habits,  and  manner  of  living  at  once  declare 
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themselves  in  the  different  races.  Naturally 
India  to-day  has  by  far  the  most  skilled  workers, 
but  I am  most  decidedly  of  opinion  that  in  a 
few  years’  time  the  Chinese  will  be  equal  to 
them  in  every  respect.  The  present  state  of 
efficiency  in  the  operations  at  home  was  not 
arrived  at  in  a day,  or  even  a year.  They  owe 
their  foremost  position  as  expert  workmen  to 
being  trained  from  early  childhood.  China,  in 
this  respect,  will  be  placed  at  a greater  advan- 
tage than  India,  because  the  Hindoos  only 
come  to  Bombay  for  a time,  and  then  return 
to  their  native  country  to  retire  upon  the 
money  they  may  have  saved.  On  the  other 
hand,  Chinese  labour  is  recruited  from  the 
immediate  districts  in  which  the  mills  have 
been  erected.  The  result  of  this  is  that  several 
members  of  the  same  family  find  employment 
in  the  same  concern  as  at  home. 

So  great  has  been  the  demand  for  labour  of 
late  through  such  a number  of  new  concerns 
having  been  started,  that  fully  grown  and  old 
people  have  been  engaged.  Naturally,  these 
people  are  too  old  to  become  expert  and  quick, 
and  fail  to  give  proper  results.  It  is  to  the 
children  who  are  now  learning  their  business  we 
have  to  look ; and  we  may  say  that  the 
greatest  and  most  important  work  those  Euro- 
peans have  who  are  in  charge  of  the  mills  in 
China  is  to  break  in  this  raw  material,  and  to 
reduce  it  from  its  original  condition  of  dirt 
and  disorder  to  system  and  order. 

Then,  again,  there  is  no  Factory  Act  in 
China,  nor  any  factory  inspection  to  put  a 
limit  to  the  number  of  hours  the  people  work, 
or  to  the  age  at  which  they  commence  to  work. 
The  writer  has  known  many  cases  where 
children  of  not  more  than  10  years  of  age  have 
worked  16  hours  at  one  spell,  with  not  more 
than  two  stoppages  of  15  minutes  each  during 
that  time.  In  some  of  the  mills  the  engines 
work  22^2  hours  out  of  the  24.  Work  is  carried 
on  night  and  day,  with  two  shifts  of  hands. 
Those  on  day  duty  begin  at  6.30  in  the  morn- 
ing and  work  till  6 p.m.  On  Sunday,  those 
hands  who  have  worked  all  Saturday  night 
have  to  clean  the  machinery,  which  takes  till 
10  or  II  o’clock,  so  that  they  have  a long  spell 
of  work  of  something  like  16  hours. 

With  regard  to  the  raw  material,  the  cotton, 
the  condition  in  which  it  is  bought  and  de- 
livered to  the  mills,  is  very  different  in  each 
country.  In  India,  you  can  go  to  the  cotton 
market,  select  your  purchase,  and  have  it 
delivered  to  the  mills  in  a condition  freed  from 
seed  and  leaf  and  pressed  in  bales,  just  as  you 
can  do  in  Liverpool.  In  China  there  are  no 


presses  worth  speaking  of.  You  can  bu 
cotton  in  Shanghai  which  has  been  ginned  z\ 
some  of  the  mills  (that  is,  it  has  been  freed  frof 
seed  and  leaf),  but  the  greater  proportion  conic 
down  from  the  grower  up  countiy  in  bags  mad, 
of  rushes,  exactly  in  the  state  it  has  bee 
plucked  from  the  plants.  Many  of  the  mill 
employ  agents  to  buy  direct  from  the  farmer? 
who  ship  it  to  Shanghai  in  boats  z'/d  the  canal?, 
creeks,  and  rivers  which  are  the  great  means  ( 
communication. 

The  cotton  is  of  a fine  staple  and  is  of  a vcr 
white  colour.  It  is  very  free  from  broken  lea> 
seed  sand,  and  other  impurities.  In  staple  i 
varies,  being  very  similar  in  length  to  India 
varieties.  The  shorter  stapled  cottons  corrc 
spond  to  Bengal  cotton,  whilst  the  longer  one 
are  about  equal  to  those  grown  in  Guzerat 
Here  the  comparison  ceases,  for  as  soon  as  i 
is  put  into  work  an  expert  at  once  detects  ; 
difference.  By  treating  it  exactly  as  Indiai 
cotton  is  done,  a very  soft  and  unmarketabl 
yarn  is  produced.  On  placing  a few  fibre 
under  the  microscope  for  examination,  it  is  a 
once  perceived  that  there  are  far  fewer  con 
volutions,  and  that  the  body  of  the  fibre  i 
finer  and  flatter  than  in  Indian  varieties.  Th' 
result  of  this  is,  that  owing  to  this  fewness  0 
convolutions,  the  individual  fibres  do  not  twisi 
round  each  other,  or  grasp  each  other,  bn 
have  a tendency  to  lie  parallel  to  one  another 
instead  of  twisting  into  a firm  strand.  T( 
sum  up,  China  cotton  requires  at  least  20  pe 
cent,  more  turns  of  twist  to  produce  the  sam( 
strength  of  yarn  which  Indian  cotton  gives. 

A few  remarks  on  the  cultivation  of  Indiai; 
cotton  may  not  be  uninteresting.  It  is  a fac 
that  Indian  grown  cotton  does  not  improve  it 
quality,  in  cleanliness,  and  in  length  of  staple 
or  in  5ueld  per  acre,  as  one  would  naturall' 
expect.  There  does  not  appear  to  be  an}'  attemp 
made  to  improve  its  cultivation  by  selecting 
the  best  of  seeds  or  by  fertilizing  the  land 
Why  ? The  answer  is  very  short  and  ver 
simple.  The  land  belongs  to  the  ryots,  ani' 
has  most  likely  been  in  their  families  fo 
generations.  Now,  everyone  knows  that  th( 
poor  ryot  is  a man  who  cannot  make  both  end? 
meet,  and  mortgages  his  crops  long  before 
they  are  ripe.  In  case  of  sickness  or  0 
famine,  or  when  there  is  a wedding  in  hi?' 
family,  he  needs  some  ready  cash,  and,  con- 
sequently, goes  to  the  marwarri,  or  money- 
lender, who  kindly  obliges  him,  and  soon  load? 
the  original  amount,  with  interest  and  com- 
pound interest,  to  such  an  extent  that  the  pool 
ryot  can  never  get  free  from  him.  Nominall} 
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the  owner  of  the  land,  he  is  in  reality  nothing 
more  than  the  servant  of  the  moneylender.  He 
lives  from  day  to  day — a never  ending  round  of 
toil;  his  hours  of  work  are  from  sunrise  to  sun- 
set ; he  has  no  aspirations,  nor  any  desire  to 
free  himself  and  to  get  on  ; he  is  just  as  his 
father  was,  and  his  children  will  have  no  other 
ambition,  than  to  be  just  as  he  is.  And  thus 
it  is,  year  in  and  year  out,  the  same  round  of 
toil,  and  of  labour,  and  of  hopeless  debt  ever 
hangs  over  him,  and  a life  is  lived  with  no  in- 
centive to  better  himself  by  improving  either 
the  quality  or  the  yield  of  his  crops. 

The  ground  is  tilled  with  the  same  rude, 
wooden  ploughs,  shod  with  a tip  of  iron  ; and 
the  seed  is  taken  from  the  previous  year’s 
cotton,  whether  it  was  of  good  or  of  bad  quality 
matters  not,  in  exactly  the  same  way  it  was 
centuries  ago. 

In  China  you  can  depend  upon  getting  the 
pure  and  unadulterated  article  you  purchase, 
because  it  undergoes  all  its  processes  under 
your  own  observation.  On  the  other  hand,  in 
India,  the  natives  are  rather  more  astute. 
They  have  arrived  at  the  knowledge  of  the 
truth  that  it  is  easier  and  more  profitable  to 
jT^row  sand  than  cotton,  and  that  if  they  can 
mix  a poor  with  a better  grade  along  with  a 
sprinkling  of  sand,  why  a good  day’s  work  has 
been.  As  regards  the  future  outlook  of  this 
new  industry  in  China  and  the  effect  of  its  com- 
peting with  India,  the  case  appears  almost 
parallel  to  that  of  Lancashire  and  Bombay 
some  years  ago.  Lancashire  lost  her  trade  in 
low  numbers  in  the  East  for  the  simple  reason 
that  she  could  not  compete  with  Bombay  with 
its  cotton  grown  on  the  spot  and  its  cheap 
labour.  It  seems  very  probable  that  Bombay 
will  just  take  the  place  Lancashire  did,  and 
she  will  have  to  do  what  her  old  rival  did— 
she  will  have  to  find  new  markets.  With  a 
population  of  over  280,000,000  at  her  doors  it 
does  not  seem  unreasonable  to  think  that  she 
could  easily  find  an  outlet  for  her  manufactures 
in  supplying  yarn  for  the  clothing  of  her  teem- 
ing millions. 

Ought  we  not  to  look  upon  this  development 
with  frjlings  of  pleasure  and  not  with  feel- 
ings of  antagonism.  For  is  not  each  new  mill 
or  manufactory  which  is  erected  a great  civiliser 
and  a g.eat  teacher,  and  will  not  these  new 
industries  play  a very  important  part  in  the 
awakenin  ; of  China  ? A remark  made  to  me 
by  a mandarin,  as  he  was  inspecting  a large 
cotton  mill,  shows  that  these  industrial  concerns 
do  arouse  within  them  feelings  of  sorrow’  for 
their  country.  “Ah,”  said  he  in  a tone  of 
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sadness,  “This  is  the  work  of  foreigners,  we 
could  not  do  these  things.”  If  high  officials 
begin  to  think  thus,  and  can  see  how  backward 
they  are  among  nations,  it  is  certain  then  that 
every  new  mill  erected  will  play  some  part  in 
helping  on  the  time  when  China  shall  b<rcomc 
aw'akened  from  the  great  sleep  whi<  h has 
overcome  her. 


BKKT  ^UGAR. 

The  followinj^  particulars  resjK-ctin^;  the  iinmcm-e 
[growth  in  tbe  j)rocluction  of  beet  suj^ar  are  taken  frf>m 
an  original  article  on  “ Sugar  ” in  the  Rail  Mall 
Gazette : — 

“Beet  is  usually  grown  on  a large  scale,  and  ll>e 
produce  of  a considerable  area  is  sent  to  a great 
central  factory,  where  the  juice  is  expressed,  and  the 
pulp  and  rinds  returned  to  the  grower.  The  price 
paid  to  the  grower  l)y  the  manufacturer  for  the  juice 
is  generally  about  iCs.  per  ton  of  beet.  The  grower, 
therefore,  realises  from  his  crop  per  acre — 


Fcr  price  of  ten  tons  sugar,  say  ....  o o 

For  two  tons  of  pulp  at  /3 6 o o 

Total  per  acre ^^14  o o 


The  following  figures,  perhaps,  will  give  in  a 
concrete  form  some  idea  of  the  present  dimensions  of 
the  beet-sugar  industry.  It  is  estimated  that  there 
are  now  on  the  Continent  under  beet  5,000,000  acre'. 
These  produce  about  50,000,000  tons  of  laeet,  which, 
on  an  average  of  one  ton  of  sugar  to  ten  tons  of  beet, 
give  5,000,000  tons  of  sugar.  The  pulp,  or  “cake,” 
as  it  is  usually  called,  left  after  the  juice  is  exprcsscil 
amounts  to  one-fifth  of  the  original  weight  of  the 
beet,  or  ten  tons  of  beet  give  two  tons  of  cake.  Now- 
one  ton  of  this  cake  is  estimated  to  have  the  same 
feeding  value  as  a ton  of  good  hay,  ami  therefore  may 
be  considered  as  worth  per  ton.  It  results,  there- 
fore, that  the  money  value  of  the  beet  crop  of  Europe 
is  as  under : — 

Sugar  produced,  5,000,000  tons  at  ;^8. . ^^40, 000.000 
Cake  produced,  10,000,000  tons  at  . 30,000,000 


Total £-0,000,000 

Most  continental  sugar-producing  countries  rai>e 
taxes  on  their  home  consumption  of  sugar  : — 

In  Austria  the  tax  is  about £\2  per  ton. 

In  Belgium  ,,  ,,  25  ,, 

In  Holland  ,,  ,,  0 ,, 

In  France  ,,  ,,  25  ,, 


It  is  difficult  to  arrive  at  the  amount  of  sugar  con- 
sumed in  countries  other  than  France,  but  there  llie 
consumption  is  known  to  be  520,000  tons,  and  the 
octroi  duty  on  this  at  £2^  per  ton,  1 2.«)00,000 ; 
420  distillers  using  molasses  pay  an  excise  duty  ol 
^10,000,000,  so  that  France  raises  the  enonuous 
revenue  from  sugar  of  ^22,900,000, 


686 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


Cfune  24,  1808. 


The  price  of  sugar  has  fluctuated  very  gieatly  in 
the  last  fifty  years,  but  of  course  the  general  tendency 
has  been  steadily  downwards.  Between  1850-60  it 
varied  from  ;^58  to  per  ton.  In  1894-95  it  fell 
as  low  as  los.,  and  at  present  is  about  £10  los. 
At  this  price,  which  probably  will  fall  even  lower  if 
the  production  goes  on  increasing  at  its  present  rate, 
how  can  cane  sugar  compete  with  beet  ? The  former 
can  be  produced  in  the  West  Indian  Islands,  it  is 
believed  on  good  authority,  at  about  per  ton. 
Freight,  package,  insurance,  and  other  charges  will 
make  its  cost  in  England  £Z  per  ton.  But  quite 
80  per  cent,  of  the  planters  are  in  the  hands  of 
financial  houses  and  banks,  whose  interest  on 
mortgages  and  advances  will  add  another  £\  los.  per 
ton  to  the  cost,  leaving  no  profit  to  the  grower.” 

The  importance  attached  to  the  new  industry  of 
beet-sugar  manufacturing  and  refining  in  some  parts 
of  California  may  be  judged  of  by  the  following  re- 
markable dimensions  of  the  new  establishment  now 
being  constructed  at  Salinas,  in  that  State,  which  are 
taken  from  Im  e^ition  : — Main  building,  582  ft.  long, 
102  ft.  wide,  and  5 storeys  high,  the  materials  con- 
sisting of  3,500  tons  of  steel,  4,000,000  bricks,  and 
800  square  of  slate ; boilerhouse,  559  ft.  long,  68  ft. 
wdde,  and  22  ft.  high,  the  material  and  contents  com- 
prising nearly  1,000,000  bricks,  12  boilers,  4 econo- 
misers, 2 steel  smokestacks,  216  ft.  high,  13  ft. 
diameter,  each  stack  with  base  w'eighing  1,000  tons; 
machine  shop  and  carpenter’s  shop,  559  ft.  long,  40  ft. 
wide,  and  22ft.  high,  and  containing  about  600,000 
bricks ; water  required  to  keep  mill  running,  13,000,000 
gallons  per  day  ; will  consume  about  1,200  gallons  of 
oil  daily — that  is,  in  24  hours — or  its  equivalent  in 
wood  or  coal,  and  will  cut  3,000  tons  of  beets  per  day 
of  24  hours.  The  expected  daily  sugar  product  of 
this  vast  establishment  is  about  450  tons. 


GREENWICH  OBSERVATORY. 

The  Astronomer-Royal’s  Report  to  the  Board  of 
Visitors,  which  was  read  at  the  Annual  Visitation  of 
the  Royal  Observatory,  on  the  4th  inst.,  is  divided 
under  the  following  headings ; — I.  Buildings  and 
grounds,  movable  property  and  library.  II.  Astro- 
nomical observations.  III.  Spectroscopic  and  helio- 
graphical  observations.  IV.  Magnetic  observations. 
V.  Meteorological  observations.  VI.  Printing  and 
distribution  of  Greenwich  publications.  VII.  Chrono- 
meters, time  signals,  longitude  operations.  See.  VIII. 
Personal  establishment. 

Under  heading  IV.  the  Astronomer  - Royal 
writes : — 

Small  agitations,  due  to  the  running  of  trains  on  the 
South  London  Electric  Railway,  the  nearest  point  of 
which  is  at  a distance  of  4^  miles  from  the  Observa- 
tory, can  be  seen  in  the  horizontal  force  and  vertical 
forces,  synchronising  with  the  disturbances  in  the 
earth  current  registers.  These  small  effects  can  be 


traced  from  the  year  1890,  but  owing  to  the  distancj 
of  this  electric  railw^ay  they  do  not  seriously  interfei 
with  the  magnetic  registers.  A proposal  w'hich  hi, 
been  recently  made  in  a Bill  before  Parliament  to  u‘l 
electricity  for  a proposed  tram-line  in  the  neighboui 
hood  of  the  Deptford  cattle  market,  at  a much  le‘l 
distance  from  the  Obseiwatory  (i^-  miles)  woulc 
probably,  if  carried  out,  ha^•e  destroyed  the  valu 
of  our  magnetic  records,  and  it  has  been  successful! 
opposed. 

Under  V. 

The  new  sunshine  recorder  wfliich  has  been  in  us| 
since  the  beginning  of  1897,  gave  for  that  year 
total  record  of  1,543  hours  of  sunshine,  as  compare 
with  1,575  hours  recorded  at  Kew%  and  1,279 
at  Bunhifl-row.  The  monthly  totals  were — 


January 19-8 

February  34’ i 

March  123*4 

April 144*7 

May  251*6 

June  178*3 

July  252*7 

August 219*8 

September  IH‘5 

October 111*7 

November 41*7 

December 50*3 


The  number  of  hours  of  bright  sunshine  recorde 
during  the  twelve  months  ending  1898,  April  30,  b 
the  Campbell- Stokes  instrument  w*as  1,529  out  ( 
the  4,454  hours,  during  which  the  sun  w^as  above  tb 
horizon,  so  that  the  mean  proportion  of  sunshine  fc 
the  year  was  0*343,  constant  sunshine  being  repn 
sented  by  i. 

The  mean  temperature  of  the  year  1897  w*as  50*3 
being  0*9°  above  the  average  for  the  50  years  1841 
1890. 

During  the  twelve  months  ending  1898,  April  3< 
the  highest  daily  temperature  in  the  shade  recordc 
on  the  open  stand  was  90*2°  on  June  24.  The  highe; 
reading  recorded  in  the  Stevenson  screen  was  87*4°  0, 
the  same  day.  The  monthly  mean  temperatures  wet 
in  excess  of  their  corresponding  averages  in  evei 
month  wdth  the  exception  of  May,  September,  an 
March.  In  January,  the  excess  amounted  to  5°,  tl 
mean  temperature  for  that  month  being  43*6°.  1 
the  preceding  57  years  there  is  one  instance  only  of 
higher  mean  temperature  occurring  in  Janu  iry,  riz 
in  1884,  when  it  w*as  43*9'^.  A mean  value  equal  t 
the  present  January  value  (43*6)  was  also  re  corded  i 
two  other  years  (1875  and  1890).  The  \vintei  of  189; 
1898  was  remarkably  mild  throughout,  and  the  ten 
perature  of  the  air  fell  to  freezing  point  (or  below)  0 
29  days  only, — 10  of  these  occurring  in  March  and 
in  December.  The  lowest  temperature  recorde 
during  the  winter  was  23*3°  on  December  24.  [Th 
lowest  temperature  recorded  in  January  was  30°. 
The  mean  temperature  for  the  five  months  189^ 
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October,  to  1898,  February,  was  44’6°,  being  2-4°  in 
excess  of  the  average  value.  During  the  whole 
period  of  57  years  (1841  to  1897)  this  value  has  only 
been  exceeded  three  times,  viz.,  in  the  winter  of  1876- 
1877,  when  the  mean  for  the  five  months  was  45'8°, 
in  the  winter  of  1845-1846,  when  it  was  44'8°,  and  in 
the  winter  of  1865-1866,  when  it  was  44*7°.  A mean 
value  of  44’6  (the  same  as  that  for  the  present  year) 
was  also  recorded  in  the  winter  of  1848-1849,  and  in 
that  of  1868-1869. 

The  rainfall  for  the  year  ending  1898,  April  30, 
was  1 7*33  inches,  being  7-21  inches  less  than  the  50 
year  average.  The  number  of  rainy  days  was  only 
149.  This  is  a very  small  annual  rainfall ; the  three 
smallest  falls  during  the  preceding  fifty  years  being 
16*38  inches  in  1864,  17*61  inches  in  1867,  and  i7*7o 
inches  in  1858. 


ART  METAL  EXHIBITION. 

The  Exhibition  of  Art  Metal  Work  at  the  Royal 
Aquarium,  Westminster,  which  was  opened  on  the 
27th  May,  and  is  announced  to  close  on  the  30th  mst., 
consists  of  two  sections,  viz.,  a loan  collection  in  St. 
Stephen’s  Hall,  and  an  industrial  collection  in  the 
galleries  and  on  the  ground  floor  of  the  building. 

The  loan  collection  is  very  extensive.  Her  Majesty, 
the  Duke  of  Norfolk,  and  the  Duke  of  Westminster 
being  among  the  largest  contributors.  Other  collections 
of  armour  are  lent  by  the  Middle  Temple,  Lord  De 
L’Isle,  Lord  Zouche,  the  Royal  Artillery  Institution, 
Sir  Noel  Paton,  Sir  T.  Gibson  Carmichael,  and  several 
members  of  the  Kemoozers  Club.  The  Beckett  cup, 
helmets  lent  by  the  Deans  of  Westminster  and 
Windsor,  and  the  Mayor  of  Coventry  are  among  the 
more  striking  objects ; while  a matchless  series  of 
fire-arms  contributed  by  the  Queen,  Major  Farquhar- 
son.  Lord  Archibald  Campbell,  and  others,  make  a 
remarkable  exhibition. 

In  addition  to  the  collection  of  armour,  fire-arms, 
&c.,  there  is  a noteworthy  series  of  cast-iron  firebacks 
and  other  specimens  of  old  Sussex  ironw^ork  of  the 
i6th,  17th,  and  i8th  centuries  in  a side  gallery. 
Some  of  these  castings  are  artistic  and  very  sharp  in 
outline,  and  especially  is  this  the  case  with  the  royal 
arms  which  are  found  on  several  of  them.  Others  are 
debased  in  design  and  execution.  These  firebacks 
are  in  many  instances  dated.  One  of  the  earliest  of 
these  consists  of  an  armorial  with  helmet  crest  and 
mantling,  dated  1606,  which  is  lent  by  Lord  Lecon- 
field  (No.  14).  Other  dated  firebacks  are  of  1621  (No. 
21),  1622  (No.  20),  1632  (No.  23),  1636  (No.  29), 
1644  (No.  17),  1647  (No.  12),  1650  (Nos.  32  and  38), 
1697  (^^'os.  26  and  57).  Members  of  the  Society  of 
Arts  will  remember  a paper  on  “ Cast  Iron  and  its 
Treatment  for  Artistic  Purposes,”  w*hich  Mr.  W.  R. 
Lethaby  read  before  the  Applied  Art  Section  in 
February,  1890.  In  this  paper  special  notice  was 
taken  of  these  firebacks,  and  since  then  much  attention 
has  been  directed  to  them.  Lately  Mr.  Starkie 


Gardner  read  a paper  upon  the  subject  before  the 
Society  of  Antiquaries,  and  the  gathering  together  of 
this  large  collection  is  chiefly  due  to  his  industry. 

In  this  same  gallery  are  two  cases  containing  many 
metal  objects  of  great  interest  lent  by  Lady  Dorothy 
Neville.  Among  these  objects  are  old  rush  holders 
with  tinder  boxes,  candlesticks,  lamps,  snuffers,  tongs, 
toasting  forks,  keys,  scissors,  6lz. 

The  case  No.  4 in  .St.  .Stephen’s  Hall  contains  some 
splendid  armour  lent  by  the  Queen.  I'erhaps  the 
finest  example  is  a demi-suit  of  bright  steel  armour, 
with  bands  of  damascened  gold  strap  work  with 
medallions,  made  for  the  great  Earl  of  Essex. 
Another  fine  example  is  the  tilting  suit  of  Henr}*, 
Prince  of  Wales,  son  of  James  L,  in  bright  steel  damas- 
cened and  chased  in  gold  with  the  national  emblems, 
thistle  and  rose  and  fleur  de  lys  of  France,  lx:tween 
these  emblems  run  panels  of  elaborate  strap  work  with 
the  initials  II. P.  surmounted  by  a crown.  There  is 
a curious  misprint  in  the  catalogue  where  it  is  stated 
that  Prince  Henry  was  the  son  of  Edward  the  First ! 

In  case  No.  3 is  a sword  with  relic  pommel  and 
drooping  guillons  inlaid  in  lozenge  ornament  in  gold, 
silver,  and  copper,  lent  by  Mr.  Morgan  AVilliam*-. 
This  was  found  in  the  Thames  at  Westminster,  and  is 
said  to  be  of  the  9th  century. 

The  other  cases  contain  a remarkable  collection  of 
historical  armour,  and  many  specially  fine  breastplates. 
Case  19  contains  a curious  collection  of  japanned  metal 
cups,  urns,  candlesticks,  kettles,  &c.,  principally  of 
Dutch  manufacture.  Lent  by  Mr.  J.  H.  Fitzhenry. 

Case  No.  23  contains  wrought-iron  keys,  locks, 
&c.  Case  No.  24  contains  a collection  of  pewter 
objects,  lent  by  Mr.  J.  H.  Fitzhenr}-,  Mr.  J.  Washing- 
ton Browne,  and  Mr.  Carl  Krall. 

The  collection  of  fowling  pieces,  muskets,  pistols, 
rifles,  sw^ords,  rapiers,  and  cutlases,  is  very  complete. 
Cases  Nos.  3, 36,  and  37  contain  a remarkable  collection 
of  flintlocks,  snaphance,  wheel,  match  and  other  locks. 
The  two-handed  sword  of  the  Earl  of  Leicester  is  lent 
from  Penshurst  Castle,  by  Lord  de  Lisle  and  Dudley. 

Mr.  Garraway  Rice  lends  among  other  curiosities 
the  monogram  H.M.S.,  in  wrought-iron,  from  the 
railings  of  the  tomb  formerly  in  the  Churchyard  of 
Hampton,  Middlesex,  of  Huntington  Shaw,  of  St. 
James’s,  Westminster,  blacksmith,  bom  at  Notting- 
ham, 1660  (died  1710).  Although  Shaw’s  is  such  a 
well-known  name,  so  little  is  recorded  of  his  histoiy 
that  there  is  no  life  of  him  to  be  found  in  the 
“ Dictionary  of  National  Biography.” 

Among  the  industrial  exhibits  are  objects  in 
siher,  copper,  brass,  and  pewter,  but  wrought  iron- 
work occupies  the  most  important  position.  On  the 
ground  floor  are  fine  wrought-iron  gates  by  Messrs. 
J.  Starkie  Gardner  and  Co.,  Edgar  Keeling,  Teale  and 
Co.,  Lindsay  Neal  and  Co.,  Hill  and  Smith.  ^*c. 

A veiy  distinctive  feature  of  the  Exhibition  is 
the  great  variety  in  the  designs  for  fire-grates 
shown  by  the  Canon  Company,  the  Coalbrook- 
dale  Company,  Falkirk  Company,  Feetham  and  Co., 
I’otter  and  Sons,  Longden  and  Co.,  Steel  and  Gar- 
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land,  and  others.  Messrs.  Longden  and  Co.  show  a 
fireplace  of  polished  ironwork  with  camelot  tile 
framing,  the  whole  designed  by  Mr.  H.  Ricardo. 

Messrs.  Barkentin  and  Krall  have  a fine  show  of 
ecclesiastical  work,  and  Messrs.  Potter  and  Sons 
some  eagle  lecterns,  one  being  copied  from  an  original 
found  in  the  lake  of  Lord  Byron’s  seat,  Newstead 
Abbey.  Amongst  Messrs.  Potter’s  exhibits  is  a fine 
piece  of  old  German  ironwork  dated  1710,  consisting 
of  balcony  and  gates,  the  property  of  H.R.H.  the 
Princess  Louise,  Marchioness  of  Lome. 

The  display  of  electric  light  fittings  by  Perry, 
Miller,  Litchfield,  Benson,  Tayler  Smith,  Potter, 
Strode,  Drake  and  Gorham,  and  others,  is  very 
extensive. 

There  is  much  more  of  interest  that  could  be 
mentioned,  but  it  is  only  necessary  to  say  that  the 
Exhibition  shows  that  the  manufacturers  of  to-day  are 
attempting  to  emulate  the  triumphs  of  the  metal 
Avorkers  of  old,  and  are  producing  a great  variety  of 
designs  of  a much  higher  character  than  was  to  be 
obtained  some  years  back. 

The  Hon.  Secretary  of  the  Exhibition  is  Mr. 
Starkie  Gardner. 


Obituary. 


General  Woodthorpe. — Major-General  Robert 
Gossett  Woodthorpe,  R.E.,  C.B.,  Deputy- Suiweyor- 
General  of  India,  who  died  in  Calcutta,  on  May  26, 
at  the  age  of  53,  was  a member  of  the  Society,  and 
in  1 896  read  before  the  Indian  Section  a valuable  paper 
on  “ The  Shan  Hills : their  Peoples  and  Products.” 
The  Right  Hon.  G.  N.  Curzon,  who  presided  at  the 
meeting,  said  that  Colonel  Woodthorpe  “was  a man 
of  almost  unique  experience  in  both  sides  of  India.” 
He  was  a talented  draughtsman,  and  the  paper 
was  illustrated  by  a very  interesting  collection  of 
original  sketches.  He  joined  the  service  in  1865, 
and  had  been  a member  of  the  Survey  Department 
27  years.  He  Avas  engaged  on  special  duty  with  the 
Gilgit  Mission  of  1885,  and  attached  to  the  important 
INIekong  Commission  of  1894.  The  official  record  of 
his  Avar  services  is  as  follows  : — “ Ser\'ed  Avith  the 
I.ushai  Expedition  in  1871-72  (medal).  Served  in 
the  Afghan  War  of  1878-80,  and  was  present  at  the 
capture  of  the  Peiwar  Kotal,  in  the  engagement  at 
Mattoon,  in  the  operations  round  Cabul  in  December, 
1879  (mentioned  in  despatches),  and  in  the  engage- 
ment at  Shekabad  (mentioned  in  despatches.  Brevets 
of  Major  and  Lieutenant- Colonel,  medal  with  two 
clasps).  Served  Avith  the  Akka  Expedition  in 
1883-84,  and  with  the  Chitral  Expedition  in  1885-86. 
Served  with  the  Burmese  Expedition  in  1886-87  on 
.Survey  duty  (mentioned  in  despatches,  C.B.,  and 
clasp).” 

Sir  James  Douglass,  E.R.S. — Sir  Jas.  Douglass, 
late  Engineer  in  Chief  to  the  Trinity-house,  Avho  died 
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at  Bonchurch,  Isle  of  Wight,  on  the  19th  inst.,  Avas  I 
member  of  the  Society  of  Arts  for  many  years,  an> 
Avas  elected  a member  of  Council  in  1891.  H 
Avas  born  at  Boav,  Middlesex,  on  October  16,  i82r 
the  son  of  Mr.  Nicholas  Douglass,  of  .Stella-house 
Penzance,  by  the  daughter  of  Mr.  J.  Douglass,  o 
Winlaton,  county  Durham.  He  received  a regula 
training  in  civil  and  mechanical  engineering,  and  hi 
first  important  employment  Avas  in  1847,  as  assistan 
engineer  to  his  father,  Avho  Avas  superintending 
engineer  to  the  Trinity-house,  and  Avas  then  engagec 
in  erecting  the  lighthouse  on  the  Bishop,  the  Avestern 
most  of  the  Scilly  rocks.  He  Avas  next  appointee 
resident  engineer  in  sole  charge  at  the  erection  of  the 
light  house  on  thechief  rock  of  the  dangerous  grou; 
of  the  Smalls,  off  Milford  HaA'en.  In  1862,  on  the 
death  of  Mr.  James  Walker,  E.R.S. , engineer-in- 
chief to  the  Trinity-house,  Mr.  Douglass  A\-as  appointcel 
to  succeeel  him.  Dunng  his  tenure  of  the  post  he 
carried  out  many  important  engineering  Avorks  both 
at  home  and  abroad,  such  as  the  AVolf,  T.ongships, 
Great  and  Little  Basses,  Eddystone,  and  ISfuricoy 
lighthouses,  and  he  effected  numerous  technical  ini- 
pi'ovements  connected  Avith  lighthouses  and  their 
illuminating  apparatus,  as  Avell  as  in  buoys  and 
beacons.  On  the  completion  of  the  present  Eddy- 
stone  lighthouse,  in  1882,  he  received  the  honour  of 
knighthood.  Sir  James  Douglass  Avas  in  favour  of 
oil  illuminants  in  lighthouses,  for  the  development 
of  which  he  devised  special  apparatus.  In  1886 
and  1892,  Mr.  E.  Price  EdAvards  described  the 
experiments  Avith  this  in  papers  on  “ Lighthouse 
Illuminants  at  the  South  Foreland,”  and  on  “ Burning 
Oils  for  Lighthouses  and  Lightships.” 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Tuesday,  June  28... Medical  and  Cbirurgical,  20,  Itanovcr- 
square,  W.,  8|-  p.m. 

Statistical  (in  the  Theatre  of  the  United  S 'rvice  In- 
stitution), Whitehall,  S.W.,  5 p.m.  Annual  General 
Meeting. 

Photographic,  12,  Hanover- square,  W.,  8 p.m. 

Wednesday,  June  29. ..SOCIETY  OF  ART.S,  John-street, 
Adelphi,  W.C.,  4 p.m.  Annual  Gen'  r.ii  Meeting. 

Japan  Society,  20,  Hanover-square,  W.,  8§  p.m. 
Mr.  W.  E.  Aston,  “The  Classical  Literature  of 
Japan.” 

United  Service  Institution,  Whitehall,  S.W.,  3 p.m  ' 
Colonel  W.  N.  Lockyer,  “ Personal  Reminiscences 
of  the  Ee^olution  of  Small  Arms  and  Machine  Guns 
from  the  year  1863  up  to  the  present  day.” 

British  Astronomical,  University  College,  W.C-,  5 
p.m.  : 

Thursday,  June  30  ..Linnean,  Burlington-house,  W.,  8 p.m.  j 
I.  Sir  D.  Brandis,  “A  Revision  of  the  Genus 
Elceoca^'ptis,  Linn.”  2.  Mr.  A.  W.  Waters,  “ Obser- 
vations on  the  Meinbraniporid(2,  a family  of  Marine  I 
Bryozoa.”  3.  Miss  Ethel  S.  Barten,  “ The  Fruit  | 
of  Chnoospora  fastigiata,  J.  Agardh.”  | 

Fridaa',  July  i... Geologists’ Association,  Unh’ersit)’  College, 
W.C.,  8 p.m. 
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Proceedings  of  the  Society. 

♦ • 

ANNUAL  GENERAL  MEETING, 

The  Annual  General  Meeting,  for  receiving 
the  Report  of  the  Council,  and  the  Treasurer’s 
Statement  of  Receipts,  Payments,  and  Expen- 
diture during  the  past  year,  and  also  for  the 
Election  of  Officers,  was  held  in  accordance 
with  the  By-laws,  on  Wednesday  last,  the 
29th  inst.,  at  4 p.m.  Major-General  Sir  Owen 
Tudor  Burne,  G.C.I.E.,  K.C.S.I.,  Chairman 
of  the  Council,  in  the  chair. 

The  Secretary  read  the  notice  convening 
the  meeting,  and  the  minutes  of  the  last  annual 
meeting. 

The  following  candidates  \vere  proposed, 
balloted  for,  and  duly  elected  members  of  the 
Society  : — - 

Berrington,  Ernest,  Graiseley,  Wolverhampton. 
Brunner,  Sir  John  T.,  Bart.,  M.P.,  9 Ennismore- 
gardens,  S.W. 

Buckwell,  George  William,  Board  of  Trade  Offices, 
Custom-house-arcade,  Liverpool. 

Carroll,  Edward  Brotherton,  Oriental  Club,  Hanover- 
square,  AV. 

Clarke,  Thomas  B.,  406,  Oxford-street,  W. 

English,  Frederick  Alexander,  Addington  - park, 
Croydon. 

Jones,  Will,  Hope  Bank,  Lancaster-road,  Pendleton, 
Manchester. 

Kenning,  George,  Upper  Sydenham,  S.E. 

King,  Brig.-Surg.  Lt.-Col.  Sir  George,  K.C.I.E., 
LL.D.,  F.R.S.,  care  of  Messrs.  Grindlay  and  Co., 
55,  Parliament-street,  S.W. 

Maddox,  Arnold  G.,  184,  Malpas-road,  S.E. 

Pease,  Alfred  John,  Birch-avenue,  Talbot-road,  Old 
Trafford,  Manchester. 

Playfair,  Sir  Patrick,  C.I.E.,  5,  Lyon’s  Range,  Cal- 
cutta, India. 

Pocklington,  Hemy,  20,  Park-row,  Leeds. 

Quirk,  Charles  James,  16,  Westmoreland  - street, 
Dublin. 


Ralli,  Stephen  A.,  25,  Finsbury. circus,  E.C. 

Sharp,  Archibald,  47,  Victoria-street,  S.W. 

.Smith,  Isaac,  Mount  Jlooton-housc,  Nottingham. 
.Stansfield-Brun,  John,  (Jhurch  - park,  Oystermouth, 

and  Turleigh-hall,  Wilts. 

The  Chairman  nominated  Mr.  John  Jewell 
Vezey  and  Mr.  Frank  Cundall  scrutineers,  and 
declared  the  ballot  open. 

The  Secretary  then  read  the  following 

REPORT  OF  COUNCIL. 

I. — O R D I N A R Y M E El  I N G S . 

In  accordance  with  the  usual  practice,  the 
Chairman  of  the  Council,  Major-General  Sir 
Ow'en  Tudor  Burne,  opened  the  session  with 
an  address.  On  the  previous  occasion,  last 
year,  the  Chairman  selected  India  for  his 
special  topic  ; for  the  Session  which  has  just 
been  completed,  he  devoted  his  address  to  a 
review  of  the  growth  and  present  position 
of  the  “Arts,  Manufactures,  and  Commerce 
of  our  Colonies.” 

At  the  first  meeting  of  the  session,  after  the 
Opening  Address  was  delivered.  Professor 
Douglas  read  a paper  on  “The  Progress  of 
Metallurgy  and  Metal  Mining  in  America 
during  the  last  Half  Century.”  In  it  he  may 
be  said  to  have  supplemented  his  recent  course 
of  Cantor  lectures  on  American  Metallurg}’, 
and  laid  special  stress  on  those  points  in  which 
he  considered  American  practice  to  be  in 
advance  of  that  of  the  old  country.  On  the 
whole.  Professor  Douglas  left  the  impression 
that  he  considered  American  practice  to  be 
distinctly  superior  to  English,  but  this  view 
w'as  rather  controverted  in  the  discussion  which 
followed  his  paper.  A fortnight  later  Mr. 
Bennett  H.  Brough  gave  an  account  of  “ The 
Mining  and  Metallurgical  Industries  of  Sweden 
as  shown  at  the  Stockholm  Exhibition,”  at  that 
time  just  closed.  On  previous  occasions  Mr. 
Brough  has  described  to  the  Society  the  metal- 
lurgical sections  of  the  exhibitions  at  Buda- 
Pesth  in  1885,  Barcelona  in  1888,  and  Kim- 
berley in  1893.  The  Stockholm  exhibition  was 
almost  entirely  devoted  to  those  special  indus- 
tries, and,  consequently  afforded  an  excellent 
opportunity  for  a review  of  their  present  con- 
dition. 

In  the  other  meeting  which  was  held  before 
the  Christmas  recess.  Professor  Leonard  Waldo, 
who  read  a valuable  paper  in  1886  on  American 
watchmaking,  gave  an  account  of  “ The 
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Theory  and  Practice  of  the  Manufacture  of 
the  Bicycle  in  America/'  This  was  one  of 
two  valuable  papers  on  the  subject,  for  at  the 
end  of  the  session  Mr.  J.  K.  Starley,  who  is 
well  known  for  the  very  large  share  which  he 
has  taken  in  the  development  of  the  modern 
cycle,  gave  an  account  of  “The  Evolution  of 
the  Cycle.”  In  the  former  paper.  Professor 
Waldo  showed  how  thoroughly  systematised 
the  manufacture  of  bicycles  in  America  now 
is,  and  described  the  elaborate  machinery 
which  has  been  laid  down  for  the  purpose  by 
the  Pope  Manufacturing  Company,  at  Hart- 
ford, Connecticut.  One  of  the  peculiar  features 
of  the  manufacture  is  the  very  complete  system 
of  tests  which  has  been  devised  for  ensuring 
the  strength  of  the  ditferent  parts  of  the 
machine.  Professor  Waldo  also  described  the 
new  method  of  construction  adopted  by  the 
Company,  in  which  a shaft  with  bevel  gear- 
ing takes  the  place  of  the  ordinary  chain 
running  over  a pair  of  chain  wheels,  by 
which  power  is  transmitted  from  the  crank 
axle  to  the  hind  wheel  of  the  machine. 
Such  a method  of  transmitting  power  can 
only  be  employed  when  the  bevelled  wheels 
are  cut  with  the  utmost  accuracy,  and 
Professor  Waldo  stated  that  the  machinery 
now  used  for  this  purpose  in  America  had  got 
over  this  first  and  greatest  difficulty.  Mr. 
Starley’ s paper  was  mainly  historical.  It  gave 
a clear  and  careful  account  of  the  various 
stages  by  which  the  modern  bic3'’cle  has  been 
evolved,  if  not  from  the  ancient  hobby  horse, 
at  all  events  from  the  original  “ bone-shaker  ” 
of  Lallemont,  produced  about  1865.  It  is  a 
useful  thing  that  the  history  of  an  invention 
should  be  put  on  record  by  the  original  in- 
ventor, and  in  any  future  account  of  the  origin 
of  the  safety  bicycle,  Mr.  Starley’ s paper  will 
certainly  have  to  be  largely  drawn  upon. 

Three  papers  dealt  with  subjects  of  a more 
or  less  photographic  character.  Mr.  Eric 
Bruce  gave  an  account  of  the  ingenious  appa- 
ratus which  he  has  devised  for  what  he  terms 
“ The  Projection  of  Luminous  Objects  in 
Space.”  An  ordinary  magic-lantern  picture 
is  projected  upon  a revolving  wheel  or  lath, 
the  rapidity  of  the  revolution  being  such  as  to 
enable  the  whole  picture  to  be  seen  in  con- 
sequence of  the  “ persistence  of  vision,”  while 
the  moving  lath  does  not  entirely  obscure  any 
object  in  front  of  which  it  is  placed.  Various 
curious  effects  may  be  thus  produced  which  will 
probably  be  available  for  stage  purposes.  Mr. 
Jules  Fuerst  described  “The  Cinematograph” 
constructed  by  Messrs.  Lumiere,  and  gave 


numerous  illustrations  of  what  are  popular! 
termed  “animated  photographs,”  certainly  th 
most  remarkable  of  the  recent  development 
of  photography.  Captain  Abney,  in  hit 
paper  on  “ Photography  and  Colour  Printing, 
gave  an  account  of  the  application  of  photc 
graphic  methods  to  the  selection  of  thos 
particular  tints  which,  by  their  proper  com 
bination,  can  be  made  to  give  all  the  neccssar 
hues  for  the  production  of  pictures  in  colour 
The  process  of  three-colour  printing,  though  i 
has  long  been  known,  and  has  for  long  bee; 
the  object  of  research  on  the  part  of  man 
earnest  workers,  has  only  of  late  been  prac 
tically  developed,  or  come  into  actual  com 
mercial  employment. 

Only  one  paper  during  the  session  wa 
devoted  to  a sanitary  question — that  by  Dr 
Rideal  on  “ The  Purification  of  Sewage  b 
Bacteria.”  The  actual  nature  of  the  action  0 
bacteria  on  sewage  has  only  lately  become  ai 
object  of  study,  but  its  practical  development 
promise  results  of  very  great  importance  in  th' 
immediate  future.  Dr.  Rideal  gave  a ver; 
clear  account  of  the  position  which  the  subjec 
has  reached,  and  showed  how  great  the  prac 
tical  usefulness  of  the  methods  adopted  wa 
likely  to  become. 

In  contrast  to  what  has  been  the  programm( 
of  recent  sessions,  only  a single  pape 
was  devoted  to  a subject  of  an  electrica 
nature — that  by  Professor  Silvanus  Thompsoi 
on  “Telegraphy  across  Space.”  Professo 
Thompson  gave  a most  lucid  exposition  of  thi 
dilferent  methods  which  have  been  adopted  fo 
transmitting  telegraphic  signals  without  wire; 
being  laid  between  the  two  points  betweei' 
which  the  communications  are  to  be  sent 
and  succeeded  in  making  a very  difficult  sub 
ject  intelligible  to  a general  audience. 

Two  papers  dealt  with  economic  matters, 
Mr.  Provand,  in  his  paper  on  “ Compensatioi 
to  Workmen,”  discussed  the  recent  Emplo}^ers, 
Liability  Act ; and  Mr.  Iselin,  in  his  paper  oi| 
“The  Protection  of  Industrial  Property,’ 
described  the  objects  and  methods  of  thi 
International  Association  for  the  Protection  0 
Industrial  Property,  which  has  just  held  it: 
Congress  in  the  rooms  of  the  Society. 

Professor  Ewing,  in  his  paper  on  “Linde’: 
Method  of  Producing  Extreme  Cold  anr 
Liquefying  Air,”  described  the  remarkabb 
regenerative  method  which  Dr.  Linde  ha:' 
devised,  and  indicated  some  of  the  purpose: 
to  which  it  was  likely  to  be  applied  in  practice 
It  seems  hardly  likely  that  the  wonderfu 
powers  of  producing  extreme  cold,  which  have; 
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resulted  from  the  researches  of  Professor 
Dewar  and  others,  can  long  be  without 
many  important  applications  to  the  Arts  and 
Industries. 

Captain  Baden-Powell’s  paper  on  “ Kites  " 
showed  the  possible  practical  applications  to 
military  and  surveying  purposes  of  that  which 
has  always  been  considered  but  a child’s 
toy ; and  from  what  he  said  there  seems  little 
doubt  that,  at  all  events  for  purposes  of  war- 
fare, kites  will  take  a useful  place  by  the  side 
of  balloons  for  observation  and  signalling. 

Mr.  Clayton  Beadle  gave  an  interesting 
sketch  of  “The  Recent  History  of  Paper- 
making.” Mr.  Valentin.!,  in  his  paper  on 
“The  Preparation  of  Meat  Extracts,”  showed 
how  much  had  been  done  in  the  condensation 
of  nutritious  material  into  a very  condensed  and 
portable  form. 

Mr.  Edwin  Sachs  criticised  the  methods  of 
modern  “Stage  Mechanism”  in  his  paper  on 
that  subject,  and  while  he  showed  what  great 
advances  had  been  made  in  scenic  illusions, 
he  also  pointed  out  how  in  very  many  cases 
stage  managers  and  theatrical  architects  had 
neglected  to  avail  themselves  of  the  resources 
of  modern  invention. 

Mr.  Brudenell  Carter,  in  his  paper  on 
“Children’s  Sight,”  drew  special  attention  to 
the  work  of  the  recent  Departmental  Committee 
on  this  subject,  and  urged  the  importance  of 
proper  provision  being  made  in  elementary 
and  other  children’s  schools  for  ensuring  that 
too  great  a strain  was  not  put  upon  the  sight 
of  the  children.  One  point  which  came  out 
clearly  from  Mr.  Carter’s  paper,  was  that  the 
children  in  elementary  schools  are  far  better 
off  in  this  respect — as  in  other  respects — than 
those  in  the  oldest  and  wealthiest  foundations. 

Mr.  Thomas  Potter’s  paper  on  “ The  Fire- 
proof Construction  of  Domestic  Buildings  ” 
gained  special  interest  from  the  recent 
disastrous  fire  in  the  City.  The  principles  he 
laid  down  were  of  considerable  importance, 
and  well  deserve  the  attention  of  those  who  are 
responsible  for  the  prevention  of  fires  in  cities. 

Miss  Clive  Bayley  suggested  “The  Revival 
of  Hand-loom  Weaving”  as  providing  a suit- 
able occupation  for  women,  and  gave  an 
excellent  account  of  the  progress  which  had 
already  been  made  in  it.  She  pointed  out 
what  a large  demand  there  was  for  hand- 
made fabrics,  and  how  easy  it  would  be  to 
supply  this  demand  by  means  of  proper 
organisation. 

Professor  Vivian  Lewes  added  one  more  to 
the  useful  papers  which  he  has  given  the 


Society  on  subjects  connected  with  gas  light- 
ing, by  his  paper  on  “ Water  Gas  and  its 
Applications.”  He  gave  a very  full  account 
of  the  process  of  manufacturing  water-gas 
and  of  the  extent  to  which  it  is  now  used  in 
substitution  of  coal-gas.  One  important  point 
raised  was  the  danger  to  life  of  using  the 
newer  illuminant.  In  Professor  Lewes’s  opinion 
there  was  little  if  any  more  risk  with  water- 
gas  than  with  coal-gas,  and  in  this  opinion  he 
was  confirmed  by  Mr.  Corbet  Woodall,  who 
was  in  the  chair. 

II.— Indian  Skction. 

At  the  opening  meeting  (January  20),  Sir 
Mountstuart  Grant  Duff  read  an  interesting 
and  anecdotal  paper,  entitled  “ Recreations  of 
an  Indian  Official,”  setting  forth  the  cultivated 
pursuits  that  occupied  the  leisure  moments  of 
his  rule  in  Madras,  and  pointing  out  “ some  of 
the  things  which  one  learns  incidentally  by 
living  in  India  if  only  one  makes  a reasonable 
use  of  even  very  indifferent  eyes.”  In  a very 
able  paper,  Mr.  Herbert  M.  Birdwood  described, 
on  February  17,  the  origin  and  progress  of 
the  Bombay  plague,  explaining  the  elaborate 
methods  so  energetically  carried  out  by  the 
local  authorities  to  grapple  with  the  calamity. 
From  the  position  of  one  whose  official  duties 
had  afforded  special  opportunities  of  tracing 
the  influence  of  Sir  Henry  Maine’s  ideas,  Mr. 
C.  L.Tupper  dealt,  on  March  10,  with  the  Indian 
career  of  the  distinguished  author  of  “ Ancient 
Law;”  his  suggestive  paper  being  followed 
by  a discussion  of  exceptional  weight  and 
authority.  The  earthquake  that  a year  ago 
devasted  the  province  of  Assam,  causing  the 
loss  of  some  1,500  lives,  was  the  subject  of  a 
graphic  and  exhaustive  paper,  read  on  March 
31,  by  Mr.  Henry  Luttman- Johnson,  who  was 
able  to  include  in  it  much  useful  information  not 
previously  made  public.  On  April  21,  Mr. 
Horace  Bell  gave  a comprehensive  review  of 
recent  railway  policy  in  India,  and  maintained 
that  the  time  has  come  when  State  action  in 
regard  to  railways  should  be  limited  to  inspec- 
tion and  control.  On  April  28,  an  excellent  and 
well-timed  paper  on  “India  and  her  Currency,” 
was  read  by  Sir  Edward  Sassoon.  The  session 
terminated  on  May  19  with  a well-reasoned 
paper  on  “Colonies  and  Chartered  Companies, 
by  Sir  Alfred  Lyall,  who  contended  that  in 
the  altered  condition  of  the  world,  trading 
corporations  are  no  longer  “convenient 
agencies  for  the  acquisition  and  administration 
of  territory.” 
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III. — Foreign  and  Colonial  Section. 

Four  meetings  of  this  Section  were  held 
during  the  session.  On  January  18,  Mr. 
Frederic  Villiers  read  a paper  descriptive  of 
his  recent  journey  from  the  Nile  to  Suakin,  a 
route  which  had  long  been  closed  to  Europeans 
and  to  trade  owing  to  the  Mahdist  supremacy. 
On  March  15,  Mr.  Nevile  Lubbock  read  a 
paper  on  “ The  West  Indies  and  the  Sugar 
Bounties/’  in  which  he  showed  how  adversely 
the  staple  industry  of  these  colonies  has  been 
affected  by  the  stringent  protectionist  policy  of 
Germany  and  France,  and  suggested  methods 
for  counteracting  it.  On  April  5,  Mr.  John 
Lowles,  M.P.,  delivered  an  address  on  “ The 
British  Empire:  its  Resources  and  Future;” 
and  on  May  24,  a paper  by  Mr.  W.  Hamilton 
Merritt  was  read,  entitled  “ The  Goldfields  of 
British  Columbia  and  the  Klondyke.”  In  it 
Mr.  Merritt,  while  recording  the  output  of  gold 
in  these  districts  up  to  the  present  time,  laid 
stress  upon  the  great  possible  developments  in 
this  industry  in  the  future. 

IV. — Applied  Art  Section. 

Mr.  J.  Hungerford  Pollen  read  a learned 
paper  on  “ Renaissance  Woodwork  in  Eng- 
land ” at  the  first  meeting  of  the  Section 
on  January  25th,  in  which  he  described  from 
the  architectural  point  of  view  the  beautiful 
woodwork  in  the  old  mansions  spread  about 
the  country.  The  subject  was  further  illus- 
trated by  a fine  series  of  lantern  slides  showing 
many  of  the  halls  with  their  grand  panelling, 
screens,  fireplaces,  &c.,  which  were  lent  by  the 
Science  and  Art  Department. 

Mr.  Cyril  Davenport  gave  a full  description  of 
the  various  objects  of  “ The  English  Regalia  ” 
in  a paper  read  on  February  22nd  which  was 
illustrated  by  lantern  slides  taken  from  photo- 
graphs, and  coloured  by  Mr.  Davenport  in  a 
remarkable  manner,  so  that  the  individual 
precious  stones  were  seen  in  their  natural 
colours. 

At  the  third  meeting  Mr.  Lewis  Foreman 
Day  read  a valuable  paper  on  “ The  Making 
of  a Stained  Glass  Window,”  in  which  he  set 
himself  the  task  of  showing  how  such  windows 
could  best  be  made.  After  dealing  with  the 
material,  the  treatment  it  undergoes,  the  design 
and  the  framework  of  lead,  he  came  to  the 
conclusion  there  was  no  mystery  about  the  old 
glass,  and  that  as  good  stained  glass  could  be 
made  to-day  as  the  mediaeval  artist  produced. 
In  illustration  of  the  paper,  Mr.  Day  showed 
examples  of  old  glass,  and  specimens  of  the 


varied  colours  in  modern  glass,  by  projecting! 
the  image  of  the  glass  itself  on  the  screen. 

On  March  29,  Sir  Edward  Maunde  Thompson,! 
Principal  Librarian  of  the  British  Museum 
read  an  important  paper  on  “ English  Art  iri 
Illuminated  Manuscripts,”  which  consisted  oi| 
a masterly  review  of  the  history  of  the  illu- 
minated MSS.  produced  by  Englishmen  at  a 
time  when  the  pictorial  art  of  the  country  was 
almost  exclusively  confined  to  this  mode  ol 
treatment.  The  paper  was  illustrated  by  a 
series  of  lantern  slides  taken  from  some  of  the 
finest  mediaeval  manuscripts  in  existence. 

Mr.  Joseph  Pennell,  in  his  paper  on  “ Sene- 
felder and  the  Centenary  of  Lithography,  1798- 
1898,”  read  on  May  3,  pointed  out  that  we 
have  the  inventor’s  own  authority  for  the 
assertion  that  although  experiments  on  print- 
ing from  stone  had  been  undertaken  in  1796 
chemical  printing  (or  lithography  as  now  prac- 
tised) was  not  discovered  until  1798.  Mr. 
Pennell’s  paper  was  illustrated  by  a series  0 
lantern  slides  taken  from  the  masterpieces  0 
the  art  in  the  Print  - room  of  the  Britisl 
Museum. 

The  last  meeting  of  the  section  was  on 
May  10,  when  Mr.  F.  S.  Ellis  read  an  appre- 
ciative paper  on  “ The  Life  Work  of  Willian 
Morris,”  in  which  the  different  productions  0 
Morris’s  genius  were  reviewed.  The  meeting 
was  held  in  the  afternoon,  and  a fine  collectior 
of  objects  illustrating  Morris’s  art  was  showr 
by  daylight.  There  were  two  fine  tapestries— 
one  of  the  “Four  Seasons,”  from  Morris’s  owr 
design,  lent  by  the  Science  and  Art  Depart 
ment,  and  the  other  a reproduction  of  Sandn 
Botticelli’s  “ Primavera,”  lent  by  Messrs 
Morris  and  Company. 

V.— Cantor  Lectures. 

Six  courses  of  Cantor  lectures  were  giver 
during  the  Session.  The  first  of  these  was  b 
Dr.  Eugene  Obach  on  “ Gutta  Percha.”  Ur 
Obach  is  a well-known  authority  on  this  subject^ 
and  his  position  as  chemist  to  the  importan 
firm  of  Messrs.  Siemens  Brothers  has  give 
him  great  experience  of  the  application  c 
gutta  percha  in  telegraphic  work,  and  for  othe 
purposes.  His  lectures  formed  an  exhaustiv 
monograph  of  the  subject.  It  was  desirabl 
that  the  history  should  be  written  befor 
all  those  who  had  been  connected  wit 
the  introduction  of  the  material  into  the  in 
dustry  had  passed  away  and  been  forgotten 
and  the  great  mass  of  historical  informatio; 
which  Dr.  Obach  has  collected  will  certainli 
make  this  course  of  Cantor  lectures  th 
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standard  work  of  reference  for  this  subject, 
isy  the  liberality  of  Messrs.  Siemens  Bros., 
t^’ho  contributed  a sum  of  ;^i.S0  for  the 
! purpose,  the  Society  was  enabled  to  publish 
these  lectures  in  a very  complete  form,  and 
i with  much  supplementary  matter, 
j Later  on  in  the  session  the  kindred  subject  of 
“ India-rubber  ” was  treated  in  two  lectures  by 
Dr.  Morris.  In  these  lectures  the  sources  of  sup- 
ply of  the  material  were  the  subjects  principally 
considered.  Besides  describing  the  well-known 
plants  from  which  india-rubber  is  mainly  ob- 
tained, Dr.  Morris  indicated  several  less  known 
plants  from  which  the  gum.  can  be  procured, 
and  also  described  improvements  in  the  method 
of  manufacture  which  will  probably,  to  some 
extent,  supersede  the  old-established  and  crude 
methods  which  were  well  described  in  the 
course  of  lectures  by  Mr.  Thomas  Bolas  on  the 
subject  in  1880. 

The  second  course  of  Cantor  lectures  was 
by  Mr.  Cyril  Davenport  on  “ Decorative  Book- 
binding.” The  principal  feature  of  this  course 
was  the  manner  in  which  it  was  illustrated  by 
coloured  lantern  slides  prepared  by  Mr.  Daven- 
port himself,  mainly  from  originals  in  the 
British  Museum.  In  connection  with  this 
course,  there  was  arranged  a small  exhibition 
of  bookbindings. 

Mr.  Hugh  Stannus,  to  whom  the  Society  is 
indebted  for  several  interesting  courses  of 
lectures  on  the  application  of  Art  to  industrial 
purposes,  gave  a course  of  four  lectures  in  the 
early  part  of  the  present  year  on  “ The  Prin- 
ciples of  Design  in  Form.” 

These  were  followed  by  three  lectures  by 
Professor  Noel  Hartley  on  “The  Thermo- 
chemistry of  the  Bessemer  Process.”  A 
melancholy  interest  is  attached  to  these  lec- 
tures, because  while  they  were  in  actual  course 
of  delivery,  the  death  occurred  of  the  distin- 
guished inventor  whose  work  they  were  intended 
to  commemorate.  Professor  Hartley  has  been 
for  a long  time  engaged  on  the  application  of 
the  spectroscope  to  the  Bessemer  flame,  and 
this  course  of  lectures  included  the  results  of 
his  investigations. 

The  last  course  of  lectures  for  the  year  was 
delivered  by  Professor  Carus  Wilson,  late  Pro- 
fessor of  Electrical  Engineering  at  the  McGill 
University,  Montreal,  on  “ Electric  Traction.” 
The  application  of  electric  power  to  railways 
has  formed  a special  object  of  study  to  Pro- 
fessor Carus  Wilson  for  some  time  past,  and 
his  lectures  embodied  the  results  of  consider- 
able original  investigation,  and  will,  when 
published,  be  found  to  be  of  great  value  to 


those  engineers  who  are  dealing  with  this 
rather  new  and  difficult  subject. 

V I . — J uvknii.p:  T.ect UK e.s. 

The  usual  short  course  of  Juvenile  lectures 
was  delivered  during  the  Christmas  holidays 
by  Professor  William  Ram.say,  the  subject 
selected  for  the  lectures  being  “ Fire.”  Of 
the  two  lectures,  the  first  was  devoted  to  an 
explanation  of  the  principles  of  combustion, 
while  the  subject  of  the  second  was  the  electric 
spark.  Both  lectures  were  very  fully  and 
beautifully  illustrated  by  a fine  series  of  e.\- 
periments. 

VII.— Ai.bkrt  Medal. 

The  Albert  Medal  for  this  year  has  been 
awarded  to  his  Excellency  Dr.  Robert  Bunsen, 
the  veteran  professor  of  chemistr>'  at  the  l.’ni- 
versity  of  Heidelberg.  Amongst  the  numerous 
and  important  scientific  discoveries  which  have 
rendered  the  name  of  Bunsen  famous  wherever 
science  is  valued,  perhaps  the  most  striking  is 
the  one  in  which  he  was  associated  with  his 
distinguished  colleague.  Professor  Kirchhoff, 
viz.,  spectrum  analysis,  a discovery  which 
has  shed  a new  and  unexpected  light  on  the 
composition  of  terrestrial  matter,  and  has 
enabled  us  to  obtain  a distinct  knowledge  of 
the  chemical  composition  of  sun  and  stars. 
The  contributions  which  Bunsen  has  made  in 
the  application  of  chemistry  and  physics  to  the 
arts  and  manufactures  are  of  the  utmost  value, 
and  their  importance  may  be  measured  by  two 
out  of  many  instances.  The  Bunsen  battery 
was,  until  the  introduction  of  the  dynamo,  the 
cheapest  source  of  electricity  ; the  Bunsen  gas 
burner,  by  which  a non-luminous,  smokeless, 
but  highly  heated  flame  is  obtained,  is  now  not 
only  indispensable  in  all  laboratory  work,  but 
is  used  for  heating  purposes  in  thousands  of 
houses  and  manufactories,  and  for  illumina- 
tion, by  the  incandescent  system,  in  millions 
of  lamps.  Beyond  these  Bunsen’s  contribu- 
tions to  the  sciences  of  chemistr}'  and  physics 
have  been  of  the  highest  importance  ; but, 
perhaps,  the  greatest  benefit  which  he  has 
conferred  through  a long  life  devoted  to  the 
advancement  of  science,  has  been  the  influence 
which  he  has  exerted  as  a teacher. 

VIII.— Medals. 

The  Council  have  awarded  the  Society’s 
Silver  Medal  to  the  following  readers  of  Papers 
during  the  Session  1897-98. 
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At  the  Ordinary  Meetings  : — 

To  Prof.  James  Douglas,  for  his  paper  on  the 
“Progress  of  Metallurgy  and  Metal  Mining  in 
America  during  the  last  Half  Centuiy.” 

To  Samuel  Rideal,  D.Sc.,  for  his  paper  on 
“ The  Purification  of  Sewage  by  Bacteria.” 

To  Captain  B.  F.  S.  Baden  Powell,  for  his 
paper  on  “ Kites  : their  Theory  and  Practice.” 

To  Prof.  J.  A.  Ewing,  F.R.S  , for  his  paper  on 
“Linde’s  Method  of  Producing  Extreme  Cold  and 
Liquefying  Air.” 

To  Prof.  Silvanus  P.  Thompson,  F.R.S. , for 
his  paper  on  “ Telegraphy  Across  Space.” 

To  Miss  Clive-Bayley,  for  her  paper  on  “ The 
Revival  of  Hand-loom  Weaving.” 

To  J.  K.  Starley,  for  his  paper  on  “ The  Evolu- 
tion of  the  Cycle.” 

In  the  Indian  Section  : — 

To  Herbert  Mills  Birdwood,  C.S.I.,  M.A., 
LL.D.,  for  his  paper  on  “ The  Plague  in  Bombay.” 
To  Henry  Luttman-Johnson,  I.C.S.,  for  his 
paper  on  “ The  Earthquake  in  Assam.” 

To  Sir  Alfred  Comyns  Lyall,  G.C.I.E., 
K.C.B.,  D.C.L.,  for  his  paper  on  “ Chartered  Com- 
panies and  Colonisation.” 

In  the  Foreign  and  Colonial  Section  : — 

To  Nevile  Lubbock,  for  his  paper  on  “The 
West  Indies  and  Sugar  Bounties.” 

In  the  Applied  Art  Section  : — 

To  J.  Hungerford  Pollen,  for  his  paper  on 
“ Renaissance  Woodwork  in  England.” 

To  Sir  E.  Maunde  Thompson,  K.C.B.,  for  his 
paper  on  “ English  Art  in  Illuminated  MSS.” 

The  thanks  of  the  Council  were  also  voted 
to  the  following  members  of  the  Council : — 

To  R.  Brudenell  Carter,  F.R.C.S.,  for  his 
paper  on  “ Children’s  Sight.” 

To  Captain  W.  de  W.  Abney,  C.B.,  F.R.S., 
for  his  paper  on  “Photography  and  Colour  Printing.” 
To  Lewis  Foreman  Day,  for  his  paper  on  “The 
Making  of  a Stained  Glass  Window.” 

IX.— Owen  Jones  Prizes. 

These  prizes  have  now  been  awarded 
annually  since  the  year  1878.  The  Council 
of  the  Society  of  Arts  are  trustees  of  the  sum 
of  ;^400,  presented  to  them  by  the  Owen  Jones 
Memorial  Committee,  being  the  balance  of  sub- 
scriptions to  the  memorial  fund,  upon  condition 
of  their  expending  the  interest  thereof  in  prizes 
to  Students  of  the  Schools  of  Art  who,  in 
actual  competition,  produce  the  best  designs 
for  Household  Furniture,  Carpets,  Wall-papers 
and  Hangings,  Damask,  Chintzes,  &c.,  re- 
gulated by  the  principles  laid  down  by  Owen 
Jones.”  The  prizes  are  awarded  on  the 


results  of  the  annual  competition  of  the  Scienc 
and  Art  Department. 

Six  prizes  were  awarded  this  Session,  eac 
prize  consisting  of  a bound  copy  of  Owes 
Jones’s  “ Principles  of  Design,”  and  a Bronzl 
Medal. 

The  list  of  the  successful  candidates  wa 
given  in  the  Jour7iaL* 

The  next  award  will  be  made  this  summer 
on  the  result  of  the  present  year’s  examina 
tions.  Six  prizes  have  again  been  offered  fo 
competition. 

X.— Stock  Prize. 

In  1871  John  Stock  left  ;^ioo  Consols  to  tin 
Society,  with  the  condition  that  the  intercsi 
should  be  applied  for  the  promotion  of  draw 
ing,  sculpture,  and  architecture.  From  timi 
to  time,  as  the  accumulated  funds  permitted 
prizes  have  been  awarded  under  this  head,  tin 
last  previous  award  having  been  made  in  1893 
A Gold  Medal,  or  a prize  of  £20,  was  offeree 
for  competition  among  the  students  of  th(‘ 
Schools  of  Art  at  the  annual  competition  0 
1897,  for  “ the  best  original  design  for  ai 
architectural  decoration  suitable  for  the  in 
terior  of  a building.” 

At  the  request  of  the  Council,  the  adjudica 
tion  was  made  by  the  examiners  of  the  Science 
and  Art  Department,  who  awarded  the  prize 
to  Alfred  Coumber,  of  the  Goldsmiths’  Institute.! 
New-cross. t 

XL— Prizes  for  Drawing. 

Since  1889,  the  Council  have  placed  at  the 
disposal  of  the  Royal  Drawing  Society,  for 
competition  among  the  candidates  at  its  annua 
examination,  12  Bronze  Medals,  and,  as  usual 
these  medals  were  awarded  for  drawings  sent 
in  by  students  to  the  exhibition  held  by  the 
Drawing  Society  in  April  last. 

XII. —Examinations. 

The  considerable  growth  in  the  number  o1 
candidates  entering  for  the  Society’s  Examina- 
tions still  continues,  the  number  for  this  yeai 
being  7,636,  an  increase  of  717  over  last  year’s 
number  of  6,919.  The  figures  for  the  past  nine 
years  are  given  in  the  following  Table,  from 
which  it  will  be  seen  that  the  numbers  are  now 
more  than  three  times  as  great  as  in  the  year 
1890,  and  that  they  have  more  than  doubled 
in  the  past  six  years  : — 


* See  Journal,  August  27,  1897,  vol.  xlv.,  p.  1027. 
t See  Journal,  October  29,  1807,  vol.  xlv.,  p.  1163. 
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Year 

No.  of 
Candidates. 

1 No.  of 
j Papers 
I worked. 

No.  of 
Centres. 

No.  of 
.Sub- 
jects. 

J89O 

2,315 

1 

2,474 

79 

14 

1891 

2,460 

2,667 

78 

M 

1892 

*2,928 

3, M3 

96 

n 

1893 

3,702 

3,9 '6 

109 

13 

1894 

4,106 

4,376 

131 

M 

1895 

4,777 

5,108 

146 

H 

1896 

6,1 1 1 

6,568 

197 

16 

1897 

6,919 

7,513 

221 

19 

1898 1 

i 

7,636 

8,372 

243 

19 

• Total,  with  supplementary  autumn  examination,  3,351. 


It  would  be  satisfactory  if  it  could  also  be 
stated  that  the  candidates  generally  keep  up  to 
the  same  standard,  but  this  is  certainly  not  the 
case.  There  is  probably  not  a very  serious 
difference,  but  the  tendency  of  recent  years  has 
been  for  the  qualifications  of  candidates  to 
decline,  and  the  average  of  those  entering  is 
distinctly  below  the  average  of  those  who 
entered  a few  years  ago.  The  per-centage  of 
first-class  certificates  in  1896  was  10-5,  in  1897 
it  was  8*8,  in  the  present  year  it  is  6-05.  The 
per-centage  of  failures  has  not  altered  so  regu- 
larly. From  1895  to  1897  the  per-centage  of 
failures  decreased  from  21  to  19*8,  which  was  a 
satisfactory  sign.  For  the  present  year  the 
per-centage  of  failure  has  increased,  and  is 
now  26-1.  It  must  not  be  understood  from  this 
that  the  better  class  of  candidates  are  of  a 
lower  standard  than  of  old,  or  that  there  are 
fewer  of  them.  This  is  distinctly  not  so.  There 
appears  on  the  whole  to  be  a slight  improve- 
ment at  the  top  of  the  list,  not  perhaps  as 
regards  the  quality  of  the  very  best  candidates, 
which  is  not  likely  to  improve,  but  as  regards 
the  numbers  of  high  - class  candidates.  In 
working  out  the  average  results,  however,  this 
slight  improvement  is  entirely  counterbalanced 
by  the  fact  that  the  large  increase  of  candidates 
is  due  in  the  main  to  the  addition  of  students 
of  a less  educated  class. 

The  rapid  increase  in  numbers  is  due,  as 
has  been  previously  pointed  out,  to  the  fact 
that  the  County  Councils  are  now  able  to  dis- 
pose of  considerable  funds  for  the  promo- 
tion of  technical  education,  and  this,  as 
defined  by  the  Technical  Education  Act,  in- 
cludes the  commercial  subjects  in  which  the 
Society  holds  examinations.  Large  numbers  of 
students  are  encouraged  to  enter  for  the 
examinations,  and  in  many  cases  have  their 
fees  paid  for  them.  The  result  of  this  is  that 
while  the  numbers  go  up,  the  standard  goes 


down.  It  is  not  to  be  argued  that  this  is 
wholly  a bad  sign.  'I'he  Society’s  Examina- 
tions serve  two  distinct  purposes.  They  are 
on  the  one  hand  a test  of  capacity,  and  they 
afford  students  who  have  passed  them  evidence 
that  they  are  qualified  in  subjects  which  may 
be  of  service  to  them  in  their  future  careers. 
But  the  examinations  also  serve  another 
purpose.  The  hope  of  obtaining  a certificate 
may  often  act  as  an  inducement  to  students 
to  study  a subject,  and  though  the  certificate 
itself  may  be  of  slight  value,  or  even  though 
the  students  may  fail  to  get  a certificate 
at  all,  they  will  have  profited  by  the  actual 
study.  It  does  not,  therefore,  seem  desirable 
to  the  Council  that  because  the  numbers  in- 
crease the  standard  should,  lari  passu,  be 
raised.  If  the  standard  were  made  too  high, 
the  Examinations  would  no  longer  be  an  attrac- 
tion to  the  humbler  class  of  students,  while  it 
is  obvious  that  if  the  standard  was  appreciably 
lowered,  the  examinations  would  fail  to  have 
any  value  whatev^er.  Practically,  therefore, 
the  standard  for  each  class  has  been  kept  at 
about  as  nearly  as  possible  the  same  level  as 
that  which  the  experience  of  past  years  proves 
to  be  most  practically  useful,  probably,  if  any- 
thing, it  has  a tendency  to  rise  rather  than  to 
fall.  But  since  a large  number  of  less-qualified 
students  enter  for  the  examinations,  the  pro- 
portion of  those  taking  first-class  must,  of  neces- 
sity, if  the  standard  is  kept  up,  be  smaller, 
while  the  numbers  of  those  who  fail  to  pass  at 
all  is  likely  to  increase  ; but  not  to  increase  in 
anything  like  the  same  degree  as  the  propor- 
tion of  first-classes  decreases.  It  may  reason- 
ably be  anticipated  that  as  the  excellent  work 
of  the  County  Councils  goes  on  and  produces 
its  natural  results,  the  class  of  new  students 
who  have  been  brought  under  examination  will 
be  improved,  and  that  the  proportion  of  first- 
classes  will  again  rise  to  the  former  level. 

The  increase  in  numbers  has  been  spread 
over  nearly  the  whole  range  of  the  examinations. 
There  has  been  a falling  off  in  the  two  musical 
subjects — for  Rudiments  of  Music  366  entered, 
against  402  last  year,  a decrease  of  36  ; and 
for  Harmony  161,  against  190,  a decrease  of 
29.  In  all  the  other  subjects — that  is  to  say, 
in  all  the  commercial  or  technical  subjects — 
there  has  been  practically  an  increase,  or  at 
all  events  no  falling  off.  In  Precis-writing 
there  is  one  candidate  less  than  last  year — 17 
against  18.  In  French  also  there  were  5 fewer, 
there  being  322  against  327,  but  this  deficiency 
is  more  than  made  up  for  by  the  increase  in 
Elementary  French,  a subject  introduced  last 
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year;  for  this  there  were  218  candidates,  last 
year  there  were  19 1.  The  total  number  in 
French  and  Elementary  French  together 
amounts  to  540,  an  increase  on  the  corres- 
ponding number  last  year  (518)  of  22.  German 
shows  an  increase  of  16,  227  against  21 1 ; 
Elementary  German  an  increase  of  49,  no 
against  61.  Italian  shows  a small,  but  a 
good,  proportionate  increase  of  12;  37  com- 
pared with  25  last  year.  In  Spanish  there 
are  92  compared  with  85,  and  in  Elementary 
Spanish,  41  against  22.  Portuguese  also 
shows  an  increase,  26  against  14.  The 
regular  increase  in  all  these  modern-language 
subjects  is  certainly  a satisfactory  feature.  It 
is  also  satisfactory  to  note  that  there  is  a dis- 
tinct advance  in  Arithmetic,  259,  whereas  last 
year  there  were  only  191,  an  increase  of  68. 
This  is  a subject  which  ought  to  draw  larger 
numbers.  Possibly  the  reason  that  it  does  not 
do  so  is  that  there  are  many  other  examina- 
tions available  in  it.  Arithmetic  also  suffers 
from  the  drawback  that  it  is  not  scheduled  by 
the  Science  and  Art  Department  as  a technical 
subject.  The  same  remark  is  applicable  to 
English,  in  which  also  a moderate  increase  is 
to  be  noted  : there  are  189  candidates  this 
year,  an  increase  of  14  over  the  175  last  year. 
Commercial  Geography  also  shows  an  increase 
from  62  to  120;  this  is,  comparatively,  a large 
addition.  The  subject  of  Economics  has  not 
attracted  very  many  more  than  last  year — there 
are  now  27,  there  were  then  23.  The  two  sub- 
jects which,  as  usual  attracted  much  the 
largest  numbers  are  Book-keeping  and  Short- 
hand. Book-keeping  shows  a large  increase — 
there  were  3,730  candidates,  an  addition  of  295 
on  the  3,435  of  last  year.  In  Shorthand  there 
was  an  increase  of  232— the  numbers  being 
1,791  and  1,559.  It  is  a matter  of  regret  that 
no  candidates  ever  enter  for  the  less  popular 
languages — Russian,  Danish,  Japanese,  and 
Chinese — and  this  fact  is  a comment  upon  the 
absence  of  facilities  in  this  country,  as  com- 
pared with  those  in  other  countries,  for  educa- 
tion in  modern  languages.  In  Domestic 
Economy  there  were  21  more  than  last  year, 
the  numbers  being  206  and  185. 

The  examiner  in  Arithmetic  notes  the  usual 
contrast  between  the  excellent  work  of  the 
medallists,  and  the  inaccurate  and  trivial  per- 
formances of  the  worst  of  those  who  failed, 
there  being  all  intermediate  varieties.  The 
work  of  the  best  candidates  is  of  a very  high 
class  ; the  work  of  the  worst  it  must  be  con- 
fessed of  a very  low  one.  Besides  the  two 
medallists,  only  two  other  candidates  did  well 


enough  to  obtain  a place  in  the  first-class  ; 32 
took  seconds — all  of  these  did  fairly  well ; 87 
others  attained  or  exceeded  the  minimum 
required  for  a pass.  In  this  subject,  the 
increase  in  numbers  seems,  on  the  whole,  to 
have  been  accompanied  by  an  improvement  in 
the  work. 

The  examiner  in  English  remarks  that 
though  there  are  as  usual  too  many  slovenly 
and  inaccurate  papers,  which  cannot  properly 
be  allowed  to  pass,  the  present  year  yields  a 
creditable  average  of  fairly  intelligent  candi- 
dates who  have  mastered  the  rudiments  of 
English  grammar,  and  have  learned  how  to 
apply  those  rules  in  the  art  of  English  com- 
position ; 23  first-class  certificates  were  awarded, 
50  second,  and  76  third. 

In  the  subject  of  Book-keeping,  the  examina- 
tions suffered  a severe  loss  by  the  death  of  Mr. 
J.  O.  Chadwick,  who  had  acted  as  examiner 
in  that  subject  since  the  year  1883.  In  that 
year  only  141  candidates  were  examined,  a 
number  which  gradually  mounted  up  year  by 
year  to  3,435  in  1897,  an  increase  which  it 
cannot  be  doubted  was,  to  a large  extent,  due 
to  the  character  of  the  examination  as  modified 
by  Mr.  Chadwick,  and  to  the  manner  in  which 
it  was  carried  out  by  him  as  well  as  to  the  fact 
of  the  creation  of  book-keeping  classes  by 
County  Councils  in  connection  with  the  Tech- 
nical Education  Grant.  The  Society,  however, 
were  fortunate  enough  to  secure  a most 
efficient  successor  in  the  person  of  Mr.  G. 
Walter  Knox,  B.Sc.,  F.C.A.,  ex-president  and 
chairman  of  the  examination  committee  of  the 
Institute  of  Chartered  Accountants  in  England 
and  Wales.  Mr.  Knox,  who  is  a member  of 
the  firm  of  Knox,  Burbidge,  Cropper  and  Co., 
expressed  a wish  that  his  partner,  Mr.  L. 
Cuthbert  Cropper,  F.C.A.,  should  be  asso- 
ciated with  him  as  assistant-examiner,  and 
this  arrangement  was  willingly  acceded  to  by 
the  Council.  As  the  syllabus  for  this  year’s 
examination  had  been  prepared  and  issued 
under  Mr.  Chadwick’s  supervision,  Mr.  Knox 
undertook  to  follow  as  far  as  possible  upon  the 
lines  laid  down  by  him,  and  the  paper  set  was 
in  accordance  with  the  syllabus  published  for 
1898.  The  paper,  however,  was  a little  shorter 
than  those  usually  set  of  recent  years,  which  were 
somewhat  long  for  an  average  student  to  do  in 
the  time  allowed.  All  reference  to  shillings 
and  pence — as  a matter  of  arithmetic — was 
also  omitted.  The  paper,  on  the  whole,  was 
easier,  but  the  results  have  not  been  so  good. 
The  actual  numbers  were  as  follows : — Of 
3,730  papers,  120  were  given  first-class  certi- 
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ficates,  861  second,  and  1,938  third,  81 1 failing 
to  pass  at  all.  These  figures  work  out  into 
per-centages  as  follows  : — First,  3’2i  ; second, 
23-1;  third,  5i'95  ; failed,  2174.  The  corres- 
ponding per-centages  for  1897  were  : — First- 
class,  9*  14;  second,  38-14 ; third,  43*29;  failed, 
9-43.  As  the  per-centages  in  previous  years 
had  been  steadily  falling,  they  would  certainly 
in  any  case  have  been  lower  this  year  than  last ; 
but  in  addition  to  this  the  system  of  marking 
adopted  was  doubtless  a little  more  severe. 

The  examiner  in  Shorthand  notes  that  there 
are  again  too  many  candidates  whom  he  has 
been  reluctantly  compelled  to  place  in  the  cate- 
gory of  “not  passed,”  the  failures  having 
arisen  less  from  a deficiency  in  point  of  speed 
than  from  “ a want  of  accuracy  in  transcrip- 
tion, combined  with  bad  spelling,  wretched 
punctuation,  and  clumsy  penmanship.”  The 
first  and  second  classes  show  considerable 
skill  and  indicate  careful  training,  and  the 
third-class  papers  that  the  examiner  was  able 
to  pass  were,  on  the  whole,  well  worked.  The 
number  of  papers  worked  was  1,791  : 68  first- 
class,  349  second,  and  762  third-class  certifi- 
cates were  awarded,  while  612  failed  to  pass. 

In  the  examination  in  Commercial  Geo- 
graphy, the  examiner  states  that  the  unusually 
large  number  who  came  forward  acquitted 
themselves  better  than  at  any  previous  exam- 
ination, though  he  regrets  that  he  was  not 
I'ustified  in  awarding  a large  number  of  first- 
class  certificates.  Throughout  the  whole  of 
the  work  there  was  a conspicuous  absence  of 
foolish  blunders,  and  in  most  cases  marks  were 
lost  on  account  of  the  papers  being  incomplete 
rather  than  from  erroneous  answers.  Seven 
first-class  certificates  were  awarded,  58  second, 
and  37  third  ; 18  were  not  passed. 

The  examiner  in  Type-writing  regrets  the 
large  number  of  failures — 148  out  of  433 
entries — and  hopes  that  teachers  will  turn  their 
attention  to  the  importance  of  a good  general 
education,  so  that  their  pupils  may  take  the 
examination  with  some  prospect  of  success, 
instead  of  relying,  as  happens  in  too  many 
cases,  on  mere  manipulative  dexterity.  The 
first  and  second-class  work  was  very  fair  ; but 
in  a large  proportion  of  the  failures  the  papers 
were  extremely  bad.  There  were  60  first-class 
certificates,  58  second,  and  167  third. 

In  Economics  the  examiner  notes  a con- 
siderable improvement  in  the  papers  this  year, 
as  compared  with  those  of  last  year.  But  the 
improvement  is  almost  entirely  in  the  knowledge 
of  economic  theory  shown  by  the  candidates, 
while  ignorance  of  the  bare  outlines  of  English 


economic  history  is  a remarkable  characteristic 
of  most  of  the  papers. 

The  examiner  in  Precis-writing  notes  that 
there  is  some  improvement  this  year,  but  to 
judge  from  his  remarks,  the  work  of  many  of 
the  candidates  leaves  a good  deal  to  be 
desired. 

The  examiner  in  French  speaks  in  the  highest 
terms  of  the  character  of  the  papers  sent  in, 
which,  he  thinks,  show  marked  progress.  Last 
year,  out  of  327  candidates,  the  examiner  was 
able  to  grant  236  certificates,  returning  91,  or 
a trifle  over  27  per  cent.,  as  “not  passed.” 
This  year,  out  of  322,  he  is  able  to  give  239 
certificates,  leaving  only  63  “not  passed,”  or 
somewhat  less  than  20  per  cent.  With  regard 
to  the  elementary  examination,  the  proportion 
of  candidates  admitted  to  pass  is  still  very  fair, 
although  it  does  not  quite  reach  the  high 
standard  of  last  year.  Of  the  218  who  entered, 
1 16  passed  and  102  failed — most  of  these  latter 
the  examiner  considers  would  have  passed 
with  a little  more  preparation. 

The  examiner  in  German  notes  together  with 
a considerable  increase  in  the  number  of 
candidates  an  improvement  in  the  results,  as 
compared  with  last  year.  Of  the  337  candi- 
dates who  entered  in  the  two  divisions  in 
German,  there  were,  altogether,  only  24 
failures,  of  whom  9 were  in  the  Elementary. 
The  work  of  the  best  candidates  was  excellent. 
The  general  work  of  the  candidates  for 
Elementary  German  was  also  extremely  good. 

The  work  of  the  candidates  who  presented 
themselves  for  examination  in  Italian  has  quite 
satisfied  the  examiner,  though  he  notes  a good 
many  mistakes  in  the  rendering  of  commercial 
and  technical  terms,  both  in  English  and 
Italian.  Out  of  the  37  candidates  who  entered, 
10  failed,  9 were  awarded  a first-class  certifi- 
cate, 13  a second,  and  5 a third. 

The  examiner  considers  the  result  of  the 
examination  in  Spanish  as  very  satisfactory — 
three-fifths  of  the  candidates  obtained  over  50 
per  cent,  of  the  marks.  The  accuracy  of  the 
commercial  expressions  employed  was  excep- 
tionally creditable.  The  Elementary  paper 
was  also  very  well  worked.  Of  the  41  candi- 
dates who  presented  themselves,  only  6 failed. 

The  examiner  in  Portuguese  was  able  to 
award  certificates  to  all  the  candidates  who 
entered — 16  first,  6 second,  and  4 third.  The 
technical  portion  of  the  paper  was  the  weakest 
point,  though  this  was  done  in  an  intelligible 
manner  by  the  better  candidates. 

The  papers  in  Domestic  Economy  are  stated 
by  the  examiner  to  be  much  superior  to  those 
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of  any  previous  year.  Out  of  206  entries,  only 
six  failed.  A great  majority  were  awarded 
second-class  certificates  (no);  there  were  30 
first,  and  60  third.  The  examiner  notes  that 
the  general  teaching  of  the  subject  must  be 
much  fuller,  and  more  efficient  than  formerly, 
and  the  demand  for  instruction  much  greater. 

With  regard  to  the  musical  subjects,  the 
examiner  considers  that  the  general  result  was 
good.  As  previously  remarked,  the  numbers 
in  these  subjects  have  fallen  off,  but  the 
character  of  the  paper  seems  to  be  quite  up  to 
that  of  previous  years.  In  Rudiments  of 
Music,  1 16  Higher  certificates  were  awarded, 
and  1 19  Elementary  certificates,  while  13 1 
failed.  In  Harmony  there  were  44  Higher 
and  71  Elementary  certificates,  while  46  failed. 

Judging  from  the  opinions  expressed  by  the 
examiners,  it  would  seem  that  the  general 
standard  of  the  examinations  is  about  up  to 
that  of  previous  years,  although  the  proportion 
of  well-taught  candidates  is  somewhat  less, 
and  the  proportion  of  third-class  and  failures 
more,  than  in  the  years  when  a smaller 
number  entered  themselves  for  examination. 

The  Council  have,  as  in  previous  years,  to 
acknowledge  the  assistance  they  have  received 
from  many  of  the  City  Companies.  The  Cloth- 
workers  offered  special  prizes  for  certain  of  the 
language  subjects,  and  the  following  Com- 
panies subscribed  to  the  special  Prize  Fund, 
out  of  which  money  prizes  are  provided  for 
others  of  the  subjects*: — Goldsmiths,  Mer- 
chant Taylors,  Skinners,  Leathersellers,  and 
Salters. 

XIII.— Practical  Examinations  in 
Music,  1897. 

The  practical  examinations  in  Music  for 
1897  were  not  concluded  until  the  loth  July, 
too  late  for  the  results  to  be  included  in  the 
last  Report  of  the  Council. 

The  system  of  examination  adopted  in  the 
previous  year  was  continued  without  alteration. 
Candidates  are  asked  to  select  for  themselves 
which  of  four  standards  they  choose  to  be 
examined  in.  Standard  I.  is  easy.  Standard 
II.  moderately  difficult.  Standard  III.  difficult, 
and  Standard  IV.  very  difficult.  For  each 
standard  a list  of  music  is  given,  and  a selec- 
tion from  this  list  is  sent  to  the  candidates  six 
weeks  previous  to  the  examination.  Candi- 
dates are  expected  to  play  or  sing  pieces  from 


* The  Clothworkers’ Company  Prizes  are  offered  in  Italian, 
Spanish,  and  Portuguese;  the  other  prizes  in  English,  Com- 
mercial Geography,  French,  and  German. 


the  selected  list,  as  well  as  to  play  or  sing  a 
piece,  or  a portion  of  a piece,  at  sight. 

In  all  392  candidates  entered,  13  of  these 
took  up  two  subjects,  so  that  there  were  405 
examinations.  Of  these  there  were  361  passes 
and  44  failures.  The  following  were  the  sub- 
jects taken  up  : — Piano,  singing,  violin,  viola, 
mandolin,  clarinet,  and  organ.  284  entered 
for  the  piano,  of  whom  257  passed  and  i 
obtained  a medal  ; 54  entered  for  the  violin, 
of  whom  49  passed  and  2 obtained  medals  ; 

2 entered  for  the  viola,  both  passed  and  i took 
a medal ; i took  a medal  for  the  mandolin  ; i 
entered  and  passed  for  the  organ  ; 60  entered 
for  singing  and  51  passed,  9 obtaining  medals  ; 

I entered  for  the  clarinet,  but  failed. 

Mr.  John  Farmer,  of  Balliol  College,  Oxford, 
and  Director  of  the  Harrow  Music  School, 
acted  as  Examiner,  Mr.  Ernest  Walker,  M.A., 
Mus.  Bac.Oxon.,  and  Mr.  Burnham  Horner,  as 
Assistant-Examiners. 

XIV. — Practical  Examinations  in 
Music,  1898. 

The  Practical  Examinations  for  the  present 
year  have  not  yet  been  concluded.  They  com- 
menced on  the  27th  June,  and  will  be  finished  on 
or  about  the  13th  July,  after  which  a summary 
of  the  results  will  be  given  in  the  Journal. 
No  alterations  have  been  made  in  the  system 
adopted  in  1896,  and  continued  last  year,  and 
to  judge  from  the  increasing  numbers  of  candi- 
dates, the  present  system  appears  to  meet  the 
requirements  of  the  classes  for  whom  it  is  in- 
tended. In  1896,  the  first  year  in  which  the 
new  system  was  tried  there  were  376  candi- 
dates, in  1897  there  were  392,  and  for  the 
present  year  558  have  entered.  So  consider- 
able an  increase  is  satisfactory,  as  testifying 
to  the  appreciation  in  which  the  examination 
is  held,  but  the  difficulty  of  holding  so  large  a 
number  of  individual  examinations  is  consider- 
able, and  the  Council  wall  have  to  consider 
whether  it  may  not  be  desirable  to  limit  the 
num.bers,  either  by  raising  the  standard  or  by 
some  other  means. 

XV.— Committee  on  the  Deterioration 
OF  Paper. 

For  some  time  past  the  statement  has  been 
current  that  the  paper  on  which  modern  books 
are  printed,  and  modern  documents  written, 
is  of  a far  more  perishable  nature  than  that  I 
used  in  older  times ; and  it  has  not  infre- 
quently been  suggested  that  the  materials  of  1 
w'hich  modern  paper  is  made  are  such  that  | 
in  a comparatively  short  time  the  paper  ' 
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itself  may  be  expected  to  disintegrate,  with 
the  result  of  the  disappearance  of  all  works 
which  had  been  printed  at  a date  later  than 
about  the  middle  of  the  present  century. 

In  June,  1897,  the  Council  appointed  a 
Committee*  to  look  into  this  matter,  and 
report  upon  it.  This  Committee  took  a good 
deal  of  evidence  on  the  subject.  They 
addressed  a circular  to  librarians,  paper- 
makers,  and  others  interested  in  the  matter, 
asking  for  information,  and  they  made  a 
special  application  to  librarians,  asking  for 
examples  of  books  which  had  already  begun 
to  show  signs  of  perishing.  They  soon  came 
to  the  conclusion  that  though  there  was,  as  is 
well  known,  a large  amount  of  inferior  paper 
now  manufactured,  and  sometimes  used  for 
publications  and  books  of  permanent  value, 
the  danger  had  been  over  estimated.  Some 
cases  of  actual  disintegration  of  paper  were  sub- 
mitted to  the  Committee,  but  such  cases  were 
not  very  numerous.  They  were  found  in  modern 
papers  of  all  grades,  and  in  books,  which  had 
for  the  most  part  been  subjected  to  ordinary 
conditions  of  storage  and  use.  The  results  of 
the  Committee’s  examination  of  these  speci- 
mens, and  the  conclusions  to  which  they  came 
are  set  out  in  the  Report!  which  was  published 
in  the  Journal  in  May  last. 

In  the  Report  the  Committee  also  suggested 
a normal  standard  of  quality  for  papers  re- 
quired for  publications  of  permanent  value. 
Such  papers  they  consider  ought  to  contain 
not  less  than  70  per  cent,  of  rag  fibre,  the 
sizing  should  contain  not  more  than  2 percent, 
of  rosin,  and  the  total  mineral  matter  (ash) 
should  not  be  more  than  10  per  cent. 

The  Committee  have  also  reproduced  in 
abstract  form  the  official  publications  bearing 
on  the  subject  of  paper  issued  by  the  German 
Imperial  Testing  Station.  These  will  be 
issued  as  an  Appendix  to  the  reprint  of  the 
Report,  and  the  Appendix  will  also  contain  a 
Jrecis  of  the  information  and  suggestions 
submitted  to  the  Committee  by  their  corres- 
pondents. 

XVI.— Exhibition  of  Acetylene  Gas 
Generators. 

The  Imperial  Institute,  at  the  request  of 
the  Acetylene  Illuminating  Company  of  Lon- 
don and  Foyers,  manufacturers  of  carbide 
of  calcium,  having  decided  to  hold  an  Ex- 
hibition of  Acetylene  Gas  Apparatus  at  the 

* The  names  of  the  Committee  are  given  in  the  'Journal 
for  September  3,  1897,  vol.  xlv.,  p.  1055. 

t Journal,  Ma)-  20th,  1898,  vol,  xivi,,  p.  597. 


Institute,  an  application  was  made  to  the 
Council  of  the  Society  of  Arts  to  appoint  a 
Committee  to  test  the  apparatus  intended  for 
the  Exhibition.  The  object  of  this  was  to 
ensure  that  no  apparatus  should  be  admitted 
unless  it  was  shown  to  fulfil  the  requisite  con- 
ditions of  safety.  At  present  there  is  no 
special  legislation  for  apparatus  in  which  gas 
is  generated  from  calcium  carbide,  although  an 
Order  in  Council  has  been  issued  regulating 
the  use  of  carbide  and  of  the  acetylene  gas 
obtained  from  it.  While  there  may  be  no  doubt 
that  the  majority  of  the  generators  now  in  the 
market  are  safe,  with  ordinary'  precautions, 
generators  might  be  so  constructed  as  to  be  a 
source  of  serious  danger,  especially  in  the 
hands  of  unskilled  labour.  It  was,  therefore, 
considered  essential  that  any  apparatus  shown 
to  the  public  at  the  Exhibition  should,  at  all 
events,  be  shown  to  be  reasonably  safe,  and 
the  object  of  appointing  the  Committee  was 
that  the  public  might  have  this  guarantee  with 
regard  to  the  apparatus  tested  by  them.  It 
must  be  distinctly  understood  that  the  Com- 
mittee have  not  pronounced  any  opinion  as 
to  the  merits  of  any  apparatus. 

The  Committee  met  for  the  first  time  in 
April  last,  and  laid  down  a set  of  conditions 
which  every  apparatus  tested  was  required  to 
fulfil.  The  London  County  Council,  through 
the  good  offices  of  Mr.  Alfred  Spencer,  the 
Chief  Officer  of  the  Public  Control  Department, 
were  kind  enough  to  place  at  their  disposal,  as 
a testing  station,  the  premises  belonging  to 
the  County  Council  at  21 1,  Harrow-road,  now 
used  as  the  Weights  and  Measures  Office.  The 
accommodation  provided  proved  entirely  suit- 
able and  very  convenient,  and  every  facility 
was  afforded  by  Mr.  Pemberton  Stubbs,  acting 
under  Mr.  Spencer,  both  to  the  Committee  and 
to  the  exhibitors  of  apparatus.  Each  apparatus 
sent  to  the  testing  station  underwent  a special 
series  of  tests,  carried  out  under  the  authority 
and  supers’ision  of  the  Committee,  by  Mr. 
W.  N.  Duffield,  of  the  City  of  London  Gas 
Testing  Station.  Twenty-six  apparatuses  were 
found  to  fulfil  the  required  conditions,  and 
were  admitted  to  the  Exhibition. 

The  Committee  feel  that  they  are  specially 
indebted  to  two  of  their  members— Professor 
Vivian  B.  Lewes  and  Mr.  Boverton  Redwood— 
who  took  an  active  part  in  the  work,  and 
whose  special  experience  was  of  the  greatest 
value  to  the  Committee  in  their  deliberations. 
The  Exhibition  itself  was  opened  on  the  15th 
of  this  month  by  Sir  Owen  Tudor  Burne, 
G,C,T.E.,  Chairman  of  the  Council  of  the 
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Society  of  Arts,  and  it  is  proposed  that  it 
should  remain  open,  at  any  rate,  until  the 
end  of  August. 

XVII. —International  Congress  on 
Technical  Education. 

The  Report  of  the  proceedings  of  the  Inter- 
national Congress  on  Technical  Education, 
which  was  held  under  the  auspices  of  the 
Society  in  June,  1897,  was  published  in 
November.  It  contains  the  papers  read  and 
the  discussions,  with  appendixes  giving  lists 
of  officials,  delegates,  and  others  taking  part 
in  the  Congress.  The  Report  was  issued  to  all 
those  who  had  become  members  of  the  Con- 
gress, and  was  also  sent  out  largely  to  public 
libraries  and  institutions  in  this  country  and 
abroad. 

The  total  cost  of  the  holding  of  the  Congress 
amounted  to  13s.  2d.  This  was  met 

by  contributions  from  nine  of  the  City  com- 
panies— the  Mercers,  Drapers,  Fishmongers, 
Goldsmiths,  Merchant  Taylors,  Clothworkers, 
Vintners,  Leathersellers,  and  Carpenters, 
by  subscriptions  from  members  of  the  Con- 
gress, who  paid  5s.  each,  and  by  the  sale  of 
the  Report.  The  total  receipts  from  all  these 
heads  were  £()2$  7s.  9d.  There  were  also 
other  charges,  the  principal  of  which  was  the 
cost  of  the  publication  of  the  proceedings  of 
the  Congress  in  the  Journal,  which  were  not 
charged  to  the  Congress  itself,  but  to  the 
general  expenses  of  the  Society. 

XVIII.— Memorial  Tablets. 

The  tablet  has  been  set  up,  which,  as  stated 
in  the  Report  of  last  year,  the  Council  had 
decided  to  place  on  the  house  at  Hampstead, 
known  as  Belmont,  Rosslyn-hill,  which  was 
formerly  the  residence  of  Sir  Harry  Vane.  The 
Council  have  also  determined  to  erect  a tablet 
on  No.  so,  Wimpole-street,  where  Mrs.  Eliza- 
beth Barrett  Browning,  wife  of  Robert  Brown- 
ing, the  poet,  lived  for  some  time,  and  from 
which  house  she  was  married.* 

XIX. — Paris  Exhibition,  1900. 

When  the  Royal  Commission  for  the  Paris 
Exhibition  of  1900  was  gazetted  in  November 
last,  the  Chairman  of  the  Council,  Sir  Owen 
Tudor  Burne,  was  appointed  a member  of  the 
Commission  as  a representative  of  the  Society 
of  Arts. 


^ A complete  list  of  the  tablets  which  had  been  previously 
set  up  will  be  found  in  the  Report  of  the  Council  for  1895- 
1896.  Jourrial,  June  26,  1896,  vol.  xliv.,  p.  681. 


XX.  — Conversazione. 

The  annual  Conversazione  of  the  Society  was 
held  this  year  at  the  Natural  History  Museum, 
by  permission  of  the  Trustees  of  the  British 
Museum,  to  whom  the  Council  are  much 
indebted.  This  is  the  second  time  on  which 
the  building  was  placed  at  the  disposal  of  the 
Society  for  the  purpose,  the  first  occasion 
having  been  in  1890. 

As  the  Museum  is  not  intended  to  be  opened 
in  the  evening,  it  is  not  sufficiently  lighted  for 
the  purposes  of  a Conversazione,  consequently 
special  arrangements  have  to  be  made  for  its 
illumination,  and  for  this  reason  only  a small 
portion  of  the  building  can  be  utilised.  On  the 
present  occasion  the  only  parts  of  the  Museum 
used  were  the  Central  Hall,  with  its  surrounding 
corridors  and  galleries,  and  the  Bird  Gallery, 
which  occupies  a portion  of  the  ground  floor  of 
the  western  wing  of  the  Museum.  These  gal- 
leries were  specially  lighted  with  the  electric 
light,  the  expenses  of  the  installation  being 
shared  with  the  Royal  Geographical  Society, 
the  Royal  Colonial  Institute,  and  the  Institution 
of  Electrical  Engineers — all  of  which  Societies 
held  Conversazioni  in  the  building  about  the 
same  date. 

The  usual  arrangements  for  music  and 
refreshments  were  made.  Tickets  were  issued 
as  on  previous  occasions  to  the  members  of  the 
Society,  and  additional  tickets  were  sold  to 
members  at  the  price  of  five  shillings  each. 
The  Metropolitan  District  Railway  Company 
were  good  enough  to  allow  visitors  who  used 
the  underground  railway  the  free  use  of  their 
subway  leading  from  the  South  Kensington 
railway  station  into  the  grounds  of  the  Museum. 
The  total  number  of  visitors  attending  the  con- 
versazione was  1,679. 

The  Council  desire  to  express  their  in- 
debtedness to  the  principal  officers  of  the 
Museum  for  the  great  assistance  they  rendered 
in  carrying  out  the  arrangements  for  the 
evening.  But  for  the  personal  care  and 
attention  given  by  certain  of  them  the  Con- 
versazione could  not  have  been  made  the 
success  it  was. 

XXI.  — New  Council. 

The  usual  balloting  list  is  submitted,  in 
accordance  with  the  Bye-laws,  for  the  election 
of  new  members  of  Council.  On  the  list  of 
Vice-Presidents  there  are  five  new  names — Sir 
Owen  Tudor  Burne,  Lord  Belhaven  and  Sten- 
ton  (both  of  whom  were  on  the  last  Council  as 
ordinary  members  of  Council),  Sir  John  Evans, 
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Sir  Charles  Malcolm  Kennedy,  and  Sir  Thomas 
Sutherland ; none  of  these  three  last-named 
gentlemen  held  office  last  year.  .Sir  Charles 
Kennedy  was  on  the  Council  from  1889  to 
1896  ; Sir  John  Evans  and  Sir  Thomas  Suther- 
land have  not  been  on  the  Council  in  any 
capacity  before.  These  gentlemen  are  proposed 
to  take  the  places  of  the  following  retiring 
Vice-Presidents  : — Sir  William  Anderson,  Sir 
Courtenay  Boyle,  the  Lord  Chancellor,  Mr.  W. 
H.  Preece,  and  the  Earl  of  Rosebery. 

As  ordinary  members  of  Council,  the  follow- 
ing are  proposed: — Sir  John  Wolfe-Barry,  Sir 
Walter  Prideaux,  Sir  George  Chubb,  and  Earl 
Grey.  Of  these,  Sir  Walter  Prideaux  and 
Lord  Grey  have  not  before  served  on  the 
Council.  Sir  John  Wolfe-Barry  served  from 
1894  to  1896,  and  Sir  George  Chubb  in  1890 
and  from  1893  to  1895. 

XXII. — Obituary. 

During  the  past  year  the  Society  has  lost  by 
death  an  unusual  number  of  those  who  were 
closely  associated  with  its  work,  and  held  office 
on  its  Council — no  less  than  seven  past  Vice- 
Presidents  or  Members  of  Council  having  died 
since  the  annual  meeting  of  last  year.  Mr. 
James  Heywood  had  been  a member  for  nearly 
forty  years  at  the  time  of  his  death,  and  was 
on  the  Council  twenty  years  ago.  Sir  Ruther- 
ford Alcock  was  a Vice-President  for  three 
years,  and  an  active  member  of  the  Committee 
of  the  Indian  Section.  It  may  be  interesting 
to  note  here  a fact  which  was  not  recalled  in 
the  obituary  notice  in  the  Journal,  that  as  a 
young  man — in  1825  and  1826 — Sir  Rutherford 
Alcock  obtained  prizes  from  the  Society  of 
Arts  for  anatomical  models.  Sir  Henry 
Doulton  was  one  of  the  oldest  members  of  the 
Society  of  Arts,  his  membership  covering  a 
period  of  46  years.  From  1877  served  con- 
stantly on  the  Council,  and  was,  as  members 
of  the  Society  are  well  aware,  one  of  its  Albert 
Medallists.  Sir  Henry  Bessemer,  also  one  of 
those  who  received  the  Albert  Medal,  was  con- 
nected with  the  Society  even  longer  than  Sir 
Henry  Doulton,  he  having  joined  it  in  1850. 
He  became  a member  of  the  Council  as  far 
back  as  1872,  the  year  in  which  the  Albert 
Medal  was  awarded  to  him.  Sir  Polydore  de 
Keyser  was  a Vice-President  from  1888  to  1889, 
at  the  time  when,  as  Lord  Mayor,  he  took  an 
active  part  in  the  organisation  of  the  British 
Section  at  the  last  Paris  Exhibition.  Mr.  T. 
R.  Tufnell  was  Treasurer  of  the  Society  in 
1872,  and  afterwards  a member  of  the  Council. 
He  took  a great  interest  in  the  Society’s  work 
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about  that  time,  and  was  a constant  attendant 
at  its  meetings.  Sir  Robert  Rawlinson  was 
a member  of  the  Society  of  forty-two  years’ 
standing,  and  from  1872  to  1892  he  served  in 
various  capacities  on  the  Council.  He  was  a 
regular  attendant  at  the  meetings,  and  a 
frequent  speaker. 

In  addition  to  the  above,  who  all  had  seats 
on  the  governing  body  of  the  Society,  the 
following  should  also  be  mentioned  : - Mr. 
George  Palmer,  the  head  of  the  well-known 
firm  of  Huntley  and  Palmer,  was  a member  of 
long  standing.  Mr.  P.  L.  Simmonds  probably 
contributed  more  to  the  proceedings  of  the 
Society  than  any  other  member,  and  was  inti- 
mately associated  with  much  of  its  work  since 
he  became  a member  in  1853.  Mr.  J.  J. 
Holtzapffel’s  family’s  connections  with  the 
Society  date  back  to  the  early  part  of  the 
present  century — his  grandfather,  his  father, 
and  he  himself  were  all  members  of  the 
Society,  and  his  father  was  chairman  of  the 
Committee  of  Mechanics.  He  himself  received 
the  Society’s  silver  medal  for  the  paper  he 
read  in  1895.  Mr.  J.  O.  Chadwick  was  the 
Society’s  auditor  since  1875,  and  its  examiner 
in  book-keeping  since  1883.  Mr.  Ernest  Hart 
gave  the  Society  two  excellent  courses  of 
Cantor  lectures  on  “ Japanese  Art  and  Indus- 
tries,” and  also  on  two  occasions  read  papers 
before  the  Society.  Sir  Richard  Quain,  the 
eminent  physician,  was  a member  of  the 
Sociey  of  Arts  of  forty  years’  standing. 

Obituary  notices  of  all  the  above  have 
appeared  in  the  columns  of  the  Society’s 
Journal. 

XXIIL— Finance. 

The  annual  statement  of  receipts  and  ex- 
penditure was  published — in  accordance  with 
the  usual  practice — in  the  Journal  last  week. 
It  shows  the  revenue  and  expenditure  for  the 
financial  year  ending  May  31st  last,  the  Assets 
and  Liabilities  of  the  Society,  its  Investments 
and  the  Trusts  standing  in  its  name. 

One  or  two  points  may  require  a little  ex- 
planation. The  rent  of  the  Society’s  house  has 
been  raised  from  £200  to  ;^6oo.  The  original 
lease  granted  in  1775,  was  renewed  in  1867, 
for  30  years,  a premium  of  £2,2^0  having  been 
paid  on  its  renewal.  When  it  expired  in  1897, 
it  was  renewed  for  seven  years,  terminating 
in  1904,  at  the  increased  rent,  no  premium 
being  charged.  It  was  not  found  possible 
to  obtain  a renewal  for  a more  extended 
period.  The  cost  of  the  International  Con- 
gress on  Technical  Education  is  shown  as 
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Tsg2,  while  the  donations  and  other  receipts 
amount  only  to  ^^478  2s.  This  is  explained 
by  the  fact  that  certain  donations  had  been 
received  during  the  financial  year  ending  May, 
1897,  and  were  brought  to  account  in  the 
financial  statement  for  that  year.  The  amount 
received  for  advertisements  in  the  Journal  is 
much  less  than  usual.  This  is  to  be  accounted 
for  by  the  fact  that  a new  arrangement  for  the 
business  of  the  advertisements  has  been  made, 
under  which  Messrs.  Street  Brothers  have 
undertaken  the  agency  of  the  business.  The 
arrangement  with  Messrs.  Street  was  that  they 
were  to  render  accounts  quarterly  for  the 
amounts  collected  in  the  previous  quarter,  and 
consequently  there  were  no  receipts  from  them 
in  the  first  six  months  in  the  financial  year. 
The  receipts  from  the  examinations  show  an 
excess  over  the  expenditure,  but  there  still 
remain  certain  charges  for  the  examinations  of 
1898  which  come  into  the  financial  year  ending 
May,  1899. 

The  place  of  the  late  Mr.  J.  O.  Chadwick, 
who  had  acted  as  the  Society’s  auditor  since 
1875,  has  been  taken  by  his  son,  Mr.  Andrew 
D.  Chadwick. 


The  Chairman  moved  the  adoption  of  the  Report, 
and  said  he  thought  the  members  would  agree  with 
him  that  the  papers  and  lectures  this  year  had  been  of 
a veiy  high  level.  With  respect  to  the  examinations, 
he  thought  the  Council  were  quite  right  in  not  raising 
the  standard,  in  consequence  of  the  larger  number  of 
less- qualified  candidates  who  were  coming  forward. 
He  might  briefly  refer  to  the  three  important  com- 
mittees which  had  been  appointed  this  year.  The 
Committee  on  the  Deterioration  of  Paper  had  found 
that  the  paper  in  use  at  the  present  time  was  not 
quite  so  bad  as  they  had  been  led  to  suppose  it  was, 
and  he  thought  the  Society  had  done  good  service  in 
giving  the  information  contained  in  the  committee’s 
report  to  the  public.  The  Committee  on  Acetylene 
Generators  had  also  done  useful  work  in  very  carefully 
testing  the  machines  now  being  exhibited  at  the 
Imperial  Institute,  and  he  was  glad  that  the  Society 
should  have  had  some  hand  in  seeing  to  the  proper 
testing  of  the  machines  and  in  helping  to  support  the 
new  industry.  The  other  committee  now  sitting  was 
the  committee  appointed  to  organise  an  exhibition  to 
commemorate  the  centenary  of  the  invention  of  litho- 
graphy, which  will  probably  be  held  in  October  next, 
and  will  be  of  great  interest  in  the  history  of  reproduc- 
tive art.  A committee  of  the  Council  has  also  been  ap- 
pointed to  consider  the  question  of  the  Society’s  lease. 

Mr.  Martin  Wood,  in  seconding  the  adoption  of 
the  Report,  said  he  thought  the  members  were  to  be 


congratulated  on  the  great  value  of  the  papers  which 
had  been  read,  and  the  lectures  delivered  during  the 
year.  He  was  sorry  that  question  of  internal  locomo- 
tion had  been  overlooked,  and  he  should  like  to  see 
the  subject  of  inland  water  carnage  treated  at  some  of 
the  meetings.  The  Society  held  a conference  on  the 
subject  in  1888,  and  he  thought  the  time  had  come 
when  fresh  attention  might  be  directed  to  it.  He  ^vas 
glad  to  see  the  numbers  entering  for  the  examinations 
increasing,  because  he  felt  it  was  a great  advantage 
for  the  Society  to  connect  itself  with  the  provinces 
in  this  way.  It  was  satisfactory  that  the  Paper 
Committee  had  found  that  the  evils  of  deterioration 
were  not  so  universal  as  at  first  appeared,  and 
he  was  glad  the  Committee  had  adopted  a stan- 
dard which  no  doubt  the  papermakers  would  adhere 
to,  and  purchasers  insist  upon.  He  should  like  to 
see  steps  taken  to  render  the  contents  of  the  Journal 
better  known.  He  inquired  whether  there  was  any 
reserve  fund  which  could  be  applied  for  the  purpose 
of  building  a house  for  the  Society,  in  view  of  the 
expiration  of  the  lease  in  1904,  and  also  asked  if 
drawing  could  not  be  included  in  the  curriculum  of 
the  Society’s  examinations, 

Mr.  Arthur  Barclay  asked  if  the  conditions 
under  which  the  acetylene  generators  at  the  Imperial 
Institute  were  tested  would  be  published,  as  he 
thought  the  information  would  be  useful. 

The  Chairman  said  the  Committee  were  still 
carrying  on  tests  on  the  working  of  the  apparatus,  and 
that  when  these  were  concluded  a report  would  be 
published  in  the  Journal.  In  reference  to  what  Mr. 
Martin  Wood  had  said  about  the  inclusion  of  drawing 
in  the  examinations,  the  Society  years  ago  used  to 
hold  examinations  in  drawing,  but  the  Science  and  Art 
Department  having  added  the  subject  to  their  exam- 
inations it  became  unnecessary  for  the  Society  to 
continue  them. 

Mr.  Francis  Cobb,  in  referring  to  Mr.  Martin 
Wood’s  question  as  to  the  renewal  of  the  lease  or  the 
acquisition  of  new  premises,  stated  that  for  some  years 
past  the  life  compositions  received  from  members  had 
been  specially  invested  to  form  a fund  for  that 
purpose. 

The  adoption  of  the  report  was  then  agreed  to. 

The  Chairman  moved  a vote  of  thanks  to  Sir 
Henry  Trueman  Wood,  w'ho  had  so  long  and  ably 
filled  the  office  of  Secretary,  also  to  Mr.  'Wheatley, 
Mr.  Room,  and  the  other  officers  of  the  Society, 
which  was  carried  unanimously. 

The  ballot  having  remained  open  for  one 
hour,  and  the  Scrutineers  having  reported,  the 
Chairman  declared  that  the  following  had 
been  elected  to  fill  the  several  offices.  The 
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names  in  italics  are  those  of  members  who 
have  not,  during  the  past  year,  filled  the  office 
to  which  they  have  been  elected. 


President. 

H.R.H.  the  Prince  of  Wales,  K.G. 
Vice-Presidents. 


H.R.H.  the  Duke  of 
Saxe-Coburg  and 
Gotha,  K.G. 

H.R.H.  the  Duke  of 
York,  K.G. 

Sir  Frederick  Abel,  Bart., 
K.C.B.,D.C.L.,D.Sc., 

F. R.S. 

Duke  of  Abercorn,  K.G., 

C.B. 

Captain  W.  de  W.  Abney, 
C.B.,  F.R.S. 

The  Attorney  - General, 

G. C.M.G.,  Q.C.,  M.P. 
Lord  Belhaven  and 

Stenton. 

Sir  George  Birdwood, 
K.C.I.E.,  C.S.I., 

LL.D.,  M.D. 

Sir  Edward  Birkbeck, 
Bart. 

Sir  Erederick  Bramwell, 
Bart.,  D.C.L.,  F.R.S. 
Major-General  Sir  Owen 
Tudor Burne,  G,  C.I.E,, 
K.C.S.I. 


R.  Brudenell  Carter, 
F'.R.C.S. 

Right  Hon.  Viscount 
Cross,  G.C.B. 

Right  Hon.  George  N. 

Curzon,  M.P. 
Major-General  Sir  John 
F.  D.  Donnelly,  K.C.B. 
Sir  John  Evans,  K.C.B., 
F.R.S. 

Hon.  Sir  Charles  W. 

Fremantle,  K.C.B. 

Sir  Douglas  Galton, 
K.C.B., D.C.L., F.R.S. 
Sir  Charles  Malcolm 
Kennedy,  K.C.M.G., 
C.B. 

Sir  Villiers  Lister, 

K.C.M.G. 

Prof.  William  Chandler 
Roberts-Austen,  C.B., 

F. R.S. 

Lord  Strathcona  & Mount 
Royal,  G.C  .M.G . , 
LL.D. 

Sir  Thomas  Sutherland , 

G. C.M.G.,  M.P. 


Ordinary  Members  of  Council. 

Sir  Steuart  Colvin  Bayley,  i James  Sewell  Neville 
K.C.S.I.,  C.I.E. 

Michael  Carteighe. 

Sir  George  Hayter  Chubb. 

Lewis  Foreman  Day. 

Joseph  G.  Gordon. 

Earl  Grey. 

Henry  Graham  Hams. 


Sir  Walter  S.  Prideaiix. 
William  Luson  Thomaa. 
Professor  John  Millar 
Thomson,  LL.D., 
F.R.S. 

Sir  yohfi  Wolfe-Barry, 
K.C.B.,  F.R.S. 


Treasurers. 

B.  Francis  Cobb.  I Sir  Owen  Roberts,  M.A., 

I D.C.L.,  F.S.A. 

Secretary. 

.Sir  Henry  Trueman  Wood,  M.A. 

On  the  motion  of  the  Chairman,  a vote  of  thanks 
was  passed  to  the  Scrutineers,  which  was  canied 
unanimously. 


Sir  Mancherjee  Bhownaggree,  K.C.I.E., 
M.P.,  proposed  a hearty  vote  of  thanks  to  the  Chair- 
man for  his  services  as  Chairman  of  the  Council,  an 
office  which  he  had  so  well  filled  for  two  years.  He 
agreed  with  the  Chairman  and  Mr.  Martin  Wood 
that  the  Society  had  been  performing  most  valuable 


and  instructive  work,  in  a manner  which  was  a credit 
to  its  members,  and  he  was  sure  that  the  meeting 
would  agree  with  him  that  much  of  the  success  of  the 
.Society  was  due  to  the  energetic  and  cordial  manner 
in  which  the  Chairman  carried  out  his  duties. 
One  thing  that  struck  him  as  to  the  circulation  of  the 
Journal  was  that  the  many  excellent  paj>ers  connected 
with  India  were  not  sufficiently  known  in  that  countr}-. 
He  should  like  to  see  the  papers  and  lectures  published 
in  India  itself,  especially  in  the  vernacular.  He  al>f) 
wished  arrangements  could  be  made  by  which  the 
meetings  might  be  attended  by  young  Indian  gentle- 
men who  were  studying  in  J.ondon,  as  he  thought  it  a 
great  pity  that  papers  and  lectures  so  well  jnepared 
.should  miss  that  very  audience  among  whose  meml>er- 
they  would  have  the  greatest  effect. 

The  resolution  was  seconded  by  Captain  W.  de  W. 
Abney,  C.B.,  F.R..S.,  and  carried  unanimously. 

The  Chairman  acknowlcdgad  the  vote  of  thanks, 
and  the  meeting  then  adjourned. 


Miscellaneous. 


PARLIAMENTARY  REPORT  OX 
SECONDARY  AND  OTHER  SCHOOI.S.* 
The  Education  Department  has  long  ago  collected 
and  published  statistics  on  our  public  elementary 
instruction.  University  education  has  also  been  fairly 
well  mapped  out  and  surveyed,  but  the  ill-defined 
region  of  intermediate  education  that  lies  between 
these  two  extremes  has  till  quite  recently  never  been 
made  the  subject  of  statistical  analysis.  Isolated 
attempts  have  indeed  been  made  here  and  there  to 
reduce  to  figures  the  numbers  of  schools  and  scholar , 
as  in  case  of  the  Royal  Commission  of  1894,  " Inch 
inquired  into  the  secondary  education  of  seven  selectetl 
counties  in  1895,  analogous  investigations  were 
conducted  by  the  Technical  Board  of  the  London 
County  Council  with  regard  to  similar  schools  in 
London.  But  the  first  really  comprehensive  census 
that  has  been  made,  is  that  embodied  in  the  exceed- 
ingly interesting  report  that  has  just  been  issued  by 
the  Department  of  the  pupils  in  public  and  pri\ate 
secondary  and  other  schools  (not  being  public  elemen- 
tary or  technical  schools)  in  England  (excluding  Mon- 
mouthshire), and  of  the  teaching  staff'  in  such  schools. 

The  Lords  of  the  Committee  of  Council  on  Educa- 
tion seem  to  have  made  use  of  every  possible  source 
of  collecting  information.  They  pressed  into  their 
service  the  Charity  Commissioners,  the  Science  aiul 
Art  Department,,  the  Technical  Instruction  Com- 
mittees, the  School  Boards,  and  other  local  authori- 
ties. As  a second  line  of  reserves,  they  called  upon 
the  Committee  of  the  Headmasters’  Conference,  the 
Association  of  Incorporated  Headmasters,  that  ot 

* P>y  Cloudesley  S.  H.  Brercton,  M.A.  Cantab,  L.  es  L. 
Paris. 
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Headmistresses,  that  of  Organised  Science  Schools, 
that  of  Technical  Instruction,  not  to  mention  the 
College  of  Preceptors,  the  Teachers’  Guild,  and  the 
National  Association  for  the  Promotion  of  Technical 
Education.  Thirdly,  they  summoned  to  their  assist- 
ance the  Educational  Committee  of  the  House  of 
Convocation,  the  Roman  Catholic  bishops,  the  high 
officials  on  the  educational  Boards  of  Congrega- 
tionalists,  Wesleyans,  and  the  Society  of  Friends. 
The  Oxford  and  Cambridge  Local  Examination 
Boards  and  other  examining  bodies  came  to  their  aid ; 
Messrs.  Macmillan  and  Longman  also  rendered  them 
great  service,  but  even  when  they  had  exhausted  these 
sources  of  information,  they  had  by  no  means  arrived 
at  the  end  of  the  list  of  private  schools.  In  fact,  the 
numbers  will  never  be  known  till  compulsory  registra- 
tion of  schools  is  adopted.  But  compulsory  registra- 
tion of  schools  is  insufficient  in  itself  unless  “grading  ” 
of  schools  is  also  introduced,  which  implies  the 
necessity  of  State  inspection  of  the  class  and  kind 
of  education  given.  At  present,  the  highest  secondaiy 
schools,  such  as  Eton  and  Harrow,  have  to  be  classed 
with  preparatory  secondary  schools,  and  even  with  the 
schools  that  are  not  secondary  at  all,  because  any 
other  form  of  census  is  impossible.  The  memorandum 
attached  to  the  return  is  an  eloquent  statement  of  the 
existing  chaos  in  secondary  education,  and  without 
directly  proposing  any  remedies,  is  a plain  exposi- 
tion to  those  who  can  read  between  the  lines,  of 
the  evils  which  at  present  prevail,  and  which  future 
reform  will  have  to  take  in  hand. 

But  the  report  goes  further  still ; statistics  are 
given  of  the  school  supply  under  the  various  counties 
and  county  boroughs,  which  clearly  indicates  that 
when  the  question  of  dealing  with  the  areas  of  local 
education  authorities  comes  up  in  any  future  Bill,  the 
county  and  county  borough  will  be  taken  as  the  unit 
of  control,  though  no  hindrance  will  be  placed  in  the 
way  of  several  areas  combining  in  one,  if  local  interests 
are  served  thereby. 

Similarly,  the  private  schools  are  tenderly  treated. 
Their  services  in  the  past  are  handsomely  acknow- 
ledged. Their  Lordships  even  go  out  of  their  way 
to  print  two  exceedingly  pathetic  letters  from  inno- 
cent sufferers  from  the  present  state  of  things.  A 
short  quotation  from  one  will  give  the  general  tone. 

“ The  Government  has  taken  away  the  means  of 
our  gaining  a livelihood  out  of  our  hands : surely,  in 
the  name  of  common  honesty  and  justice,  some  por- 
tion of  the  immense  sums  of  money  now  spent  in 
education  might  be  given  to  those  women  of  some 
degree  of  culture  and  refinement  who  have  borne  the 
heat  and  burden  of  the  day  as  teachers,  and  now,  at 
the  eventide  of  life,  find  themselves  heavily  handi- 
capped and  unable  to  make  things  meet.  So  little 
would  be  so  great  a boon,  if  certain.  Scholarships 
and  certificates  were  things  undreamed  of  in  a 
woman’s  career  in  my  youth,  and  ‘ sans  ’ certificate  in 
a teacher  of  to-day  means  ‘ sans  ’ everything.” 

Their  Lordshij)s  regard  these  hard  cases  as  a fit 
subject  for  the  attention  of  local  authorities.  But  have 


local  authorities  any  more  right  than  imperial  to  apply 
public  money  to  these  undoubtedly  deserving  cases  } 
Startling  figures  are  given  of  the  way  in  which  the 
schools  given  in  the  report  are  understaffed.  Sixty-two 
per  cent,  of  the  whole  have  no  graduate  on  their  staff. 
The  total  number  of  schools  is  6,209,  of  scholars 
291,544  of  which  158,802  are  boys.  The  per-centage 
of  boys  to  the  whole  population  is  5-4,  and  of  girls  4*5  ; 
which  shows  that  a large  number  of  the  latter  still 
receive  their  education  under  “ domestic  conditions.” 
The  pupils  are  also  an'anged  under  successive  years 
from  8 to  19  and  over.  For  boys,  the  year  which  has 
the  highest  per-centage  is  that  under  14,  and  for  girls 
that  under  8.  The  schools  are  further  split  up  into 
private  enterprise,  subscribers’,  companies’,  endowed, 
and  local  authority  schools.  For  boys,  the  private 
enterprise  schools  are  the  most  numerous,  but  the 
endowed  have  the  largest  population.  The  girls’ 
schools,  both  in  numbers  and  population,  are  over- 
whelmingly private,  as  are  also  the  mixed.  Boarders 
in  boys’  schools  amount  to  no  less  than  35-7  of  the 
total;  in  girls’,  to  18  per  cent.;  and  in  the  mixed 
schools  to  about  12  per  cent.  224  boys’  schools 
have  no  day  boys,  loi  girls,  and  18  mixed  are  also 
entirely  boarding  establishments.  Of  areas,  Kent 
and  Surrey  seem  the  best  supplied,  due,  no  doubt,  to 
the  large  number  of  preparatoiy  schools  they  contain. 

Peculiarly  significant  is  the  omission  of  technical 
schools  from  the  report.  Are  we  on  the  eve  of  a 
definite  division  between  secondary  and  technical 
education.?  There  seems  to  be  much  to  be  gained 
from  such  a judicious  separation.  The  opinion  of 
educationists  in  Europe  to-day  [teste  the  Antwerp 
conference)  seems  distinctly  in  favour  of  keeping 
general  education  as  clear  from  specialisation  as 
possible,  the  idea  being  that  the  technical  schools  are 
the  greatest  gainers  thereby,  as  the  pupils  who  come 
to  them  from  the  ordinary  schools,  after  receiving  a 
thoroughly  systematic  general  education,  prove  them- 
selves far  apter  scholars  than  those  whose  instruction 
has  consisted  of  a disconnected  “ smattering  ” in 
general  and  technical  subjects. 


Obituary. 

Captain  W.  H.  Davies. — Mr.  William  Henry 
Davies,  managing  director  of  the  Exchange  Telegraph 
Company  (Limited),  died  on  Tuesday,  21st  ult.,  at 
the  age  of  73.  Prior  to  his  connection  with  this 
company,  of  which  he  was  one  of  the  founders,  in 
conjunction  with  the  late  Sir  James  Anderson  and 
Mr.  Cyrus  Field,  he  was  in  the  service  of  the  Pacific 
Steam  Navigation  Company  and  the  Peninsular  and 
Oriental  Steamship  Company.  When  agent  for  the 
P.  and  O.  Company  at  Aden,  he  rendered  services  to 
the  Government  in  coaling  the  transport  ships  of  the 
Abyssinian  expedition  in  1868,  and  he  received  from 
the  Lords  of  the  Admiralty  a service  of  plate  in 
acknowledgment  of  these  services.  He  was  elected  a 
member  of  the  Society  of  Arts  in  1873. 
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CANTOR  LECTURES. 

THE  THERMO-CHEMISTRY  OF  THE 
BESSEMER  PROCESS. 

By  Prof.  Noel  Hartley,  F.R.S. 

L^ecture  I. — Delivered  March  14,  1898. 

The  more  points  of  view  from  which  we 
regard  any  object  the  more  complete  must  be 
our  knowledge  concerning  it.  Hence  I propose 
to  consider  the  chemistry  of  the  process  of  steel 
manufacture  from  the  usual  view  of  the 
chemist,  to  regard  it  also  from  the  position  of 
those  who  have  devoted  some  attention  to 
thermo-chemistry,  and  by  taking  one  step 
further,  in  the  light  of  the  most  recent  spectro- 
scopic research. 

In  the  year  1856,  at  the  Cheltenham  meeting 
of  the  British  Association  a paper  was  read 
“ On  the  Manufacture  of  Iron  and  Steel  without 
Fuel.”  Some  ridicule  appears  to  have  been 
cast  upon  the  proposed  process  of  manufacture, 
on  account  of  the  apparently  absurd  idea  of 
obtaining  a fluid  mass  of  malleable  iron  and 
maintaining  it  in  a molten  state,  by  blowing 
cold  air  through  molten  pig-iron,  the  melting 
point  of  the  former  being  much  higher  than 
that  of  the  latter.  That  indeed  was  the  essence 
of  the  process.  The  Reports  of  the  British 
Association  contain  no  more  than  the  title  of 
the  paper,  the  author  of  which  was  a gentleman 
known  as  “the  ingenious  Mr.  Bessemer.”  It 
had,  however,  been  observed,  as  was  pointed 
out  to  the  Iron  and  Steel  Institute  in  a Presi- 
dential address  by  Sir  Isaac  Lowthian  Bell, 
that  in  the  ordinary  refining  of  iron,  towards 
the  close  of  the  process  an  intensely  high 
temperature  is  maintained  simply  by  the  action 
of  the  blast  upon  the  metal  and  not  upon  the 
coke  used  in  the  refinery.  Bessemer’s  diffi- 
culty in  obtaining  a suitable  pig-iron  in 
England  for  the  purpose  of  treatment  in  the 
converter  was  overcome  by  a special  pig-iron 


being  smelted  for  him  at  Workington.  He 
dictated  the  charges  from  which  subsequently 
the  metal  was  made,  and  stamped  B,*  It  was 
necessary  that  the  metal  should  be  free  from 
phosphorus,  and  such  could  be  smelted  from 
pure  haematite  ores.  Now,  though  samples 
of  wrought-iron  as  well  as  steel  were  produced 
by  this  process,  which  by  chemical  analysis 
were  proved  to  be  of  great  purity,  yet  the  metal 
was  found  to  be  worthless  as  a metallurgical 
product.  It  was  unworkable,  or  “ red-short.” 
A century  previous  to  this  Bergmann  had  shown 
that  manganese  was  a constituent  of  Swedish 
iron,  and  he  connected  this  fact  with  its  special 
suitability  for  the  manufacture  of  steel.  By  the 
introduction  of  manganese  into  ordinary  cast- 
steel  Josiah  Marshall  Heath  greatly  improved 
the  quality  of  manufactured  steel. 

Certain  iron  ores,  especially  those  containing 
siderite  as  at  Brendon  Hill,  Somersetshire, 
and  the  Siegen  district  of  Germany,  also  in 
Styiia,  contain  much  manganese,  and  when 
smelted  they  yield  a peculiar  variety  of  metal 
of  a highly  crystalline  character  which  contains 
both  carbon  and  manganese  called  spiegeleiseu 
or  specular  iron,  it  having  in  some  degree  the 
appearance  of  specular  iron  ore.  Mr.  Robert 
Forrester  Mushet  removed  the  defects  in  the 
steel  made  by  the  new  process  by  the  addition 
of  spiegeleisen  to  the  metal  in  the  Bessemer 
converting  vessel.  Thus  either  malleable  iron 
or  steel  was  obtained  in  large  quantity  and 
most  economically.! 

I propose  now  to  give  an  outline  of  the 
Bessemer  process  and  its  various  modifications, 
and  an  account  of  the  phenomena  observed 
w’hile  the  process  is  in  operation. 

In  common  language  the  Bessemer  or  pneu- 
matic process  consists  in  running  molten  pig- 
iron  into  a large  globular  or  retort-shaped 
vessel  made  of  refractory  firebrick  or  other 
infusible  material,  with  an  outer  casing  of  iron, 
and  blowing  a blast  of  air  in  at  the  bottom,  by 
which  means  the  oxygen  in  the  air  oxidises 
certain  compounds  of  carbon,  silicon,  and 
manganese  in  the  metal  so  as  to  remove  them 
from  the  bath  and  refine  the  metal.  In  order 
to  prevent  the  burning  of  the  iron  at  the  close 
of  the  process  or  to  restore  to  the  metallic  state 
any  oxide  of  iron  formed,  and  add  to  the  metal 
any  desired  per-centage  of  carbon,  a suitable 
proportion  of  the  spiegeleisen  already  men- 
tioned is  added.  In  certain  cases,  as  pointed  out 
by  M.  Euverte,  it  is  not  desirable  to  add  carbon, 
but  manganese  is  necessary  to  render  the  metal 

* “ Journ.  Iron  anti  Steel  Inst.”  (1876),  p.  24. 

t ” I’roc.  Iron  and  Steel  Inst.,”  vol.  i,  p.  20,  1873. 
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malleable  ; ferro -manganese  containing  70  per 
cent,  of  manganese  is  added. 


Description  of  the  Converter. 
There  is  considerable  historical  interest 
Fig.  I. 


Movable  and  Fixed  Converters,  with 


External  and  Internal  Twyers. 

attached  to  the  early  or  antique  forms  such 
as  the  globular  vessel  with  a central  air  shaft 

Fig. 


to  be  raised  and  lowered,  or  the  converter  I3 
fixed  on  a base,  because  latterly  small  con- 
verters  have  been  devised  which  partake  of  the  i 1 
character  of  some  of  those  originally  designed  I i 
by  Bessemer,  and  we  may  therefore  with  I j 
advantage  just  glance  at  these,  but  I will  i j 
describe  more  carefully  the  form  which  is  f 
commonly  used.  j 

Bessemer’s  first  patent,  dated  October  17th,  1 

1855,  was  granted  for  an  invention  which  con- 
sisted in  “forcing  currents  of  air  or  of  steam, 
or  of  air  and  steam,  into  and  among  the  par- 
ticles of  molten  crude  iron,  or  of  re -melted  pig 
or  refined  iron,  until  the  metal  so  treated  is 
thereby  rendered  malleable,  and  has  acquired 
other  properties  common  to  cast  steel,  and  t 
still  retaining  the  fluid  state  of  such  metal,  , 
and  pouring  or  running  the  same  into  suitable 
moulds.”  (Figs,  i and  2.*) 

It  is  a point  of  considerable  interest  and  im- 


* These  illustrations  (Figs,  i and  2)  are  taken  from  Sir 
Henrj'  Bessemer’s  paper  in  the  “Journal  of  the  Iron  and 
Steel  Institute,’’  ii.,  1886,  p.  638. 

2. 
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portance  that  the  inventor  knew  that  steam 
cools  the  metal,  but  air  causes  a rapid  increase 
in  its  temperature  so  that  it  is  seen  to  pass 
from  a red  to  an  intense  white  heat. 

On  December  17th  of  the  same  year  lies- 
semer  patented  blowing  air  through  molten 
iron  in  a spherical  or  egg-shaped  vessel  of 
iron,  lined  with  fire-brick,  and  suspended  on 
axes.  In  May,  1856,  he  patented  an  immovable, 
upright  cylindrical  vessel  with  several  air  tubes 
fixed  into  the  lining  of  the  vessel  at  the  bottom. 
This  was  long  in  use  in  Swedish  Bessemer 
works. 

The  movable  converter  universally  employed 
in  England,  after  a time  superseded  the  fixed 
converter,  and  became  generally  adopted  on 
the  Continent.  It  affords  great  facilities,  not 
only  for  charging  it  with  metal,  but  also 
allows  of  the  charge  being  retained  after  the 
blast  has  been  cut  off,  and  it  admits  of 
the  operation  being  interrupted  and  resumed 
at  will;  furthermore,  the  metal  is  easily  poured 
out. 

A shell  of  strong  wrought-iron  plates  is  sus- 
pended by  means  of  a wrought-iron  hoop  which 
carries  trunnions  supported  by  cast-iron  stan-  j 
dards.  While  one  of  these  is  solid,  the  other 
is  hollow,  and  through  the  hollow  trunnion  the 
blast  passes  to  the  bottom  of  the  vessel.  The 
bottom,  which  is  removable,  is  fixed  in  its 
place  by  cotter  bolts.  Below  the  bottom  is  the 
twyer  box,  a cylindrical  chamber  which,  by 
means  of  a pipe  curved  outside  the  converter, 
conveys  the  blast  from  the  hollow  trunnion. 
The  twyers  are  slightly  tapered  cylinders  of 
firebrick,  each  one  perforated  by  seven  holes 
of  half-an-inch  in  diameter.  The  twyers  are 
from  five  to  seven  in  number  arranged  at 
equal  distances  from  each  other.  They  pass 
through  the  iron  plate  which  forms  the  top 
of  the  air  chamber.  The  solid  standard 
carries  gearing  which  is  actuated  by  hydraulic 
machinery  acting  vertically.  By  the  rotation 
of  the  converter  upon  its  axis,  the  blast  is 
automatically  cut  off  just  at  the  right  moment. 
An  eccentric  disc  acting  on  a lever  lifts  a valve 
and  turns  on  the  blast  as  soon  as  the  converter 
is  in  the  proper  position  again  for  blowing. 
But  when  the  converter  is  lowered  for  the  pur- 
pose of  pouring  out  the  metal,  the  pressure  is 
taken  off  the  lever  and  the  blast  valve  is  closed. 

The  interior  of  the  wrought-iron  vessel  is 
lined  with  very  refractory  firebrick  or  with 
ganister,  a highly  siliceous  sandstone  with  a 
fine  grain.  It  is  prepared  for  the  purpose  by 
being  finely  ground  ; mixed  with  powdered 
firebrick  it  is  moistened  with  a small  quantity 


of  water  and  rammed  into  the  space  between 
the  outside  casing  and  a wooden  core,  which 
is  afterwards  withdrawn. 

Usually  two  converters  are  placed  at  opposite 
sides  of  a circular  casting  pit,  in  the  centre  of 
which  a vertical  hydraulic  cylinder  carrying  a 
cross  arm,  to  one  end  of  which  is  fixed  a ladle 
for  the  metal,  which  is  counterbalanced  by  a 
weight  at  the  other  end  of  the  arm.  'I'he 
counterpoise  is  geared  in  such  a manner  that 
it  is  moved  gradually  towards  the  centre  as  the 
weight  of  metal  in  the  ladle  is  diminished  by 
its  being  tapped.  This  ladle  is  made  of  strong 
iron  plates  thickly  lined  with  fireclay. 

The  tap-hole  is  at  the  bottom,  and  is  closed 
by  a bent  iron  bar  carrying  at  its  lower  end  a 
plug,  both  of  which  are  coated  with  fireclay. 
The  end  of  the  bar  turns  outside  the  ladle,  and 
is  connected  with  a hand  lever,  which  operates 
on  the  bar  to  raise  or  lower  the  plug  in  the  tap- 
hole  and  admits  or  cuts  off  the  flow  of  the 
metal.  Around  the  casting  pit  are  arranged 
the  ingot  moulds,  and  when  the  ladle  is  carried 
round  by  the  circular  revolution  of  the  hori- 
zontal cross  arm  which  supports  it,  the  tap- 
hole  is  brought  successively  over  the  mouths 
of  the  several  ingot  moulds. 

A foreman  stands  on  a platform  commanding 
a distinct  view  of  all  operations,  and  from  this 
point  controls  the  machinery  for  tipping  the 
converters  and  discharging  the  metal  into  the 
ladle  and  into  the  ingot  moulds. 

The  upper  end  of  the  converters  during  the 
operation  of  blowing  discharges  sparks  into 
open  air  or  under  a wide  flue.  The  first  opera- 
tion necessary  is  to  heat  the  converter  to  red- 
ness and  this  is  done  by  charging  it  with 
ignited  coke  which  is  made  to  burn  within  the 
vessel  by  a blast  being  driven  through  the 
twyers.  Ashes  and  unburnt  fuel  are  emptied 
out  of  the  vessel  by  tipping  it  mouth  down- 
wards. It  is  then  brought  to  a horizontal  posi- 
tion to  receive  a charge  of  molten  metal.  This 
may  be  pig-iron  melted  in  a reverberatory 
furnace  or  in  a cupola  furnace,  but  what  is  far 
better,  being  more  economical,  is  freshly 
smelted  metal  carried  direct  from  the  blast 
furnace  in  a molten  state.  This  was  Sir  Henry 
Bessemer’s  first  idea,  but  it  had  to  be  abandoned 
because  the  process  could  not  be  properly  con- 
trolled. The  metal  tapped  at  different  times 
from  different  furnaces  or  even  from  the  same 
furnace,  differs  in  composition  to  such  an 
extent  that  the  treatment  in  the  converter  of 
one  charge  may  be  quite  unsuitable  for  the 
next. 

To  modify  the  treatment  for  each  charge  is 
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impracticable,  hence  it  is  necessary  to  obtain 
iron  suitable  for  uniform  treatment.  The  cost 
and  waste  of  re-melting  pig-iron  in  cupola 
furnaces  was  subsequently  avoided  by  revert- 
ing to  this  mode  of  treatment.  Charges  of  20 
tons  of  pig-iron  are  run  at  one  time  into  a hot 
vessel  conveyed  on  rails  by  a locomotive  for  a 
mile  or  two  to  the  converters.  The  metal  keeps 
hot  for  hours  if  necessary.  To  say  nothing  of 
the  cost  of  re-melting  pig-iron,  the  molten  blast 


iron  of  regular  composition,  capable  of  uni- 
form treatment  in  the  converter,  is  thus 
obtained,  which  greatly  facilitates  the  manu- 
facture of  a product  with  a uniform  composi- 
tion. 

Holley’s  converter  is  an  improved  form  of  ' 
vessel  (English  patent,  1870)  of  an  elongated  i 
and  cylindrical  shape,  made  so  as  to  prevent 
the  ejection  of  slag  and  metal  by  the  blast. 

It  was  further  fitted  with  a removable  bottom. 


The  form  of  this  vessel  is  similar  to  large  Bessemer  vessels  in  general  use. 


furnace  metal  is  more  economically  conveyed 
in  a ladle  than  cold  pig-iron  was  placed  in 
waggons  and  unloaded  again  at  the  cupola. 
It  is  now  found  advantageous  to  tap  the  metal 
from  ditferent  blast  furnaces  and  then  to  mix  it 
thoroughly.  This  is  done  by  what  is  known  as 
the  Hoerde  Mixer,  invented  by  Massenez,  of 
the  Hoerde  Works  in  Styria,  and  the  metal  is 
known  technically  as  “ mixer  metal.”*  A fluid 

* Mr.  Arthur  Cooper’s  paper  “Metal  Mixers  as  used  at 
the  works  of  the  North  Eastern  Steel  Compan}'.  Limited.” 
“ Journ.  Iron  and  Steel  Institute,”  vol.  xlvii.,  p.  66,  1895. 


SO  arranged  that  the  joint  between  the  old 
lining  and  the  new  bottom  could  be  made  ^ 
from  the  outside.  ' 

The  Clapp-Griffiths  converter  is  an  improved  [ 
American  form  of  fixed  vessel,  in  principle 
like  the  form  used  for  a long  time  in  Sweden. 
(Fig.  4-) 

The  Walrand-Delattre  converter  (Fig  5,*  p. 
710)  is  a moveable  vessel  in  which  the  blast 

These  illustrations  ^Figs.  3,  4,  5)  are  taken  from  Mr. 
Hardisty’s  paper  in  the  “Journal  of  the  Iron  and  Steel 
Institute.” 
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is  delivered  at  the  side,  and  at  or  near  the 
surface  of  the  metal.  There  is  but  little 
difference  between  this  and  what  is  now  known 
as  the  Robert  converter. 


P'lG.  4. 


WiTHERow’s  Modification  of  the  Clapp- 
Griffith  Vessel. 


As  described  by  Mr.  T.  Lynwood  Garrison* 
the  peculiarities  of  these  forms  are  such  that  a 
smaller  pressure  of  air  is  required,  because,  by 
the  blast  causing-  the  metal  to  rotate,  the 
air  comes  successively  into  contact  with  every 
portion  of  it,  but  instead  of  the  air  passing 
through  the  bath  and  overcoming  a consider- 
able pressure,  it  enters  nearer  to  the  surface. 
How  this  is  effected,  both  in  the  Walrand- 
Delattre  and  in  the  Robert  vessel,  the  illus- 
trations and  description  will  explain. 

The  vessel  is  elliptical,  having  a flat  surface, 
in  which  the  twyers  are  placed  on  a plane 
parallel  to  the  axis  of  the  apparatus.  It  has  a 
swinging  movement  on  its  trunnions,  which  are 
supported  upon  massive  bearings.  By  suitable 
mechanism  the  swinging  movement  disengages 
the  twyer  from  the  metal  bath. 

The  twyers,  placed  horizontally,  form  with 
the  flat  surface  unequal  angles  varying  with 
the  tranverse  section  of  the  apparatus,  and 
thus  the  rotary  motion  communicated  to  the 
metal  bath  brings  every  part  of  it  successively 
under  the  operation  of  the  oxygen  in  the  air  of 
the  blast.  The  movement  causes  a regular 
and  methodical  rotation  of  the  metal  so  as  to 


* " Journ.  Iron  and  Steel  Inst.,”  p.  266,  1889, 
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prevent  too  prolonged  a period  of  decarburisa- 
tion. 

When  the  charge  has  been  run  into  the  ( on- 
verter,  it  is  tilted  into  position  and  the  blast  is 
turned  on  as  soon  as  the  metal  reaches  the 
level  of  the  twyers.  An  escape  of  sparks  with 
a spiral  motion  is  seen  at  the  mouth  of  the 
converter.  The  slag  separates  from  the  metal 
and  gases  escape.  W’hen  the  level  of  the  bath 
is  about  an  inch  below  the  twyers,  the  blast  is 
turned  on.  d'his  causes  a spray  of  metal  with 
a considerable  rush  of  sparks  as  the  iron 
burns.  The  apparatus  is  raised  gradually, 
and  the  sparks  diminish  as  the  greater  volume 
of  air  passes  along  the  surface  of  the  bath. 

A duller  noise  is  caused  by  the  blast  when 
the  molten  metal  arrives  at  the  level  of  the 
twyers,  and  the  sparks  increase.  'I'he  blast  is 
then  stopped,  and  the  lighting  of  the  gases 
takes  place  within  the  converter.  When  the 
sparks  diminish  and  change  colour,  the  app;i- 
ratus  is  gently  raised  until  the  flame  begins  to 
issue  from  the  mouth — and  in  this  position  it  is 
stopped.  It  is  only  when  the  gas  is  well  alight 
that  the  apparatus  must  be  further  raised, 
until  it  arrives  at  a position  when,  if  the  blast 
were  shut  off,  the  twyers  would  be  covered  by 
about  inches  to  2 inches  of  metal.  The 
pressure  of  the  blast  is,  on  an  average,  about 
4 lbs.,  just  sufficient  to  keep  the  slag  out  of  the 
metal,  and  to  rotate  the  bath. 

The  first  period  of  the  blow  lasts  from  seven 
to  eight  minutes,  the  second  from  three  to  four. 
At  the  end  of  the  second  period  the  flame  dis- 
appears, and  it  might  be  supposed  that  the 
carbon  has  been  removed.  A third  period 
succeeds  of  to  2 minutes’  duration,  in  which 
the  flames  reappears  and  is  of  considerable 
size.  As  a rule  the  blows  are  quiet.  As  soon 
as  the  flame  drops,  after  this  third  period,  the 
converter  is  turned  down,  and  about  i per  cent, 
of  ferro-manganese  is  added  containing  70  per 
cent,  of  manganese. 

The  converter  is  then  allowed  to  rest  for 
about  ten  minutes  to  allow  the  ferro-manganese 
to  melt  and  diffuse  into  the  iron.  It  may  be 
added  to  the  metal  after  it  has  been  poured 
into  the  ladle.  For  steel  casting,  ferro-silicon 
may  be  added  to  the  molten  contents  of  the 
ladle,  to  the  extent  of  not  more  than  O'OoS  of 
ferro-silicon  having  10  per  cent,  of  silicon;  a 
larger  quantity  would  be  injurious  to  the  quality 
of  the  steel.  This  form  of  converter  is  small, 
being  of  about  three  tons  capacity. 

It  is  claimed  for  this  process  that  the  quality 
of  the  steel  can  be  regulated  with  great  nicety. 
There  is  no  novelty  in  blowing  air  on  or  near 
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the  surface  of  the  metal  bath  because  this  was 
the  subject  of  some  of  the  first  experiments  of 
Sir  Henry  Bessemer,  but  he  found  it  produce 
no  abnormal  quantity  of  slag  and  a dense 
brown  fume  caused  by  the  burning  of  the 
iron.  In  all  cases  and  with  whatever  shape  of 
converter  he  found  the  result  to  be  better  the 
lower  the  twyers  were  placed. 

It  appears  to  be  doubtful  whether  the 
rotatory  circulation  of  the  metal  takes  place  to 
the  extent  which  is  implied  and  in  the  regular 
manner  described. 

The  loss  is  about  12  per  cent,  varying  to 
18  per  cent,  according  to  variations  in  the 
method  adopted. 


It  is  designed  for  the  production  of  steel  cast- 
ings of  comparatively  small  dimensions  as 
compared  with  ingots,  such  as  for  instance  the 
metal  used  by  makers  of  mining  machinery 
and  agricultural  implements. 

In  the  use  of  small  converters  a difficulty 
always  occurs  owing  to  the  bath  of  metal  being 
at  too  low  a temperature.  The  blast  in  fact 
cools  it.  In  different  circumstances  this  has 
been  obviated  by  the  addition  of  [a)  ferro- 
silicon,  or  {b)  of  ferro-phosphorus  or  phos- 
phorus slag. 

When  these  substances  are  added  to  the 
bath  during  the  “ boil,”  the  combustion  was 
deadened  by  the  large  quantity  of  carbonic 


Fig.  5. 


It  is  stated  that  a very  high  temperature  is 
produced  and  that  the  steel  remains  perfectly 
fluid  for  at  any  rate  35  minutes  after  blowing 
has  ceased.  M.  Le  Chatelier  has  measured 
the  temperature  of  the  steel  in  the  ladle  of  the 
Robert  converter  and  found  it  to  be  1600°  C. 

The  Walrand-Legenisel  Converter. 

This  is  a converter  of  small  size  similar  in 
form  to  the  later  designs  for  large  vessels,  the 
twyers  entering  at  the  bottom  of  the  vessel. 


oxide  present,  and  a considerable  quantity  of 
heat  was  carried  off  by  the  current  of  gas. 
This  led  Walrand  to  add  the  material  termed 
ferro-silicon  only  after  the  combustion  of  the 
carbon  had  entirely  ceased  or  at  any  rale  was 
nearly  completed.  In  this  manner  a new  com- 
bustion was  started,  and  complete  success 
resulted  ; an  addition  of  five  per  cent,  of  molten 
ferro-silicon  produced  an  increase  in  the  tem- 
perature of  at  least  200°  C.,  within  a few 
minutes  of  blowing.  By  the  addition  of  the 
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ferro-silicon  it  is  possible  to  carry  the  com- 
bustion of  the  remaining  carbon  further  than 
by  the  older  method  without  rising  an  excessive 
quantity  of  oxygen,  and  in  consequence  only 
small  additions  of  ferro-manganese  are  re- 
quired to  de-oxidise  the  blown  metal.* 

The  Tkopenas  Converter. t 
This  latest  development  of  diminutive  Bes- 
semer converters,  is  a form  of  perfected 
Robert  vessel  in  which  there  are  two  sets 
of  twyers,  the  lower  series  drives  the  blast  just 
over  the  surface  of  the  metal,  the  upper  set  of 
smaller  size  is  supplied  with  air  by  a separate 
blast  box,  which  during  the  progress  of  the 


type  which  heats  the  air  coming  from  the 
blowing  engine  to  the  twyers.  Oxidation 
takes  place  at  the  surface  of  the  bath  of  metal 
only,  and  it  is  claimed  that  there  is  no  stirring 
movement  and  mixture  of  slag  with  metal 
during  the  blow  so  that  the  impurities  in  the 
j slag  do  not  get  back  into  the  metal.  The 
; temperature  of  steel  being  very  high  admits  of 
: it  being  removed  from  the  converter  in  small 
j quantities  at  a time  for  casting  purposes.  It  is 
stated  that  the  reaction  is  transmitted  from 
molecule  to  molecule  from  the  surface  through- 
out the  bath  to  the  bottom,  but  unless  there  is 
movement  of  the  metal  this  can  take  place 
f only  by  diffusion  of  oxidised  products  dissolved 


Fig-  3* 


boil  admits  air  merely  for  the  purpose  of  burn- 
ing the  carbon  monoxide  inside  the  vessel  and 
greatly  increasing  the  temperature  whereby  the 
metal  maintains  its  fluidity.  There  is  also  an 
outlet  provided  near  the  upper  part  of  the 
vessel  for  hot  gases  to  pass  through  a hollow 
trunnion  into  a regenerator  of  the  Siemens’ 

• “The  AV'alrand-Legcnisel  Process,”  “Jour.  Iron  and 
Steel  Inst.,”  vol.  xlv.,  1894,  p.  26,  by  G,  J.  Snelus,  F.R.S. 

t “Jour.  Iron  and  Steel  Inst.,”  vol.  i.,  p.  34,  1897. 


in  the  bath  such  as  Fe^O^  and  CO,  or  by 
rapid  diffusion  of  oxidisable  impurities  bringing 
them  to  the  surface.  The  former  action  would 
operate  much  more  rapidly  than  the  latter, 
and  oxidation  taking  place  beneath  the  surface 
would  no  doubt  give  rise  to  the  ebullition  of 
CO  and  thorough  mixing  of  the  metal,  but  not 
of  metal  with  slag.  This  method  of  blowing 
obviates  the  inconvenience  and  loss  occa- 
sioned by  the  projection  of  metal  and  slag 
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from  the  mouth  of  the  vessel,  which  is  a feature 
of  the  ordinary  process.  It  is  claimed  also 
that  owing  to  the  bath  being  comparatively 
quiet  there  is  less  waste  from  oxidation.  How- 
ever this  may  be,  it  is  a fact  that  a slag  very 
rich  in  iron  is  produced  at  one  period  of  the 
blow.  At  a later  stage  some  of  this  slag  has 
metallic  oxide  contained  in  it  reduced  either  by 
action  of  manganese  carbide  in  the  bath  or  of 
the  highly-heated  carbon  monoxide. 

At  works  in  Sheffield  two  converters  made 
five  “blows”  in  an  average  of  an  hour  and 
fifty-five  minutes,  the  weight  of  steel  for  each 
blowing  averaging  from  30  to  32  cwts.  The 
process  may  be  either  actd  or  basic,  and  ferro- 
silicon  or  ferro-manganese  finally  added.  This 
process  appears  to  be  in  use  at  Woolwich 
Arsenal.* 

The  Thomas-Gilchrist  or  Basic 
Bessemer  Vessel. 

The  chief  difference  in  the  vessel  designed 
for  the  Thomas-Gilchrist  or  dephosphorising 
process,  which  is  built  to  contain  changes  of 
as  much  as  twenty  tons  of  iron,  is  a more 
cylindrical  form,  with  a wider  mouth  of  shorter 
length  than  that  of  the  old  form  of  Bessemer 
converter.  This  prevents  the  opening  from 
being  choked  by  slag,  which  is  formed  in  much 
larger  quantity  than  in  what  is  known  as  the 
“ acid  process.” 

The  lining  of  the  converter  is  also  totally 
different.  An  acid  lining  is  one  composed  of 
sand  or  silica,  or  highly  siliceous  brick,  since 
the  different  forms  of  silica  combine  with 
metallic  oxides  to  form  silicates  or  slags.  A 
basic  lining  is  one  composed  of  lime  or  other 
basic  oxide  capable  of  withstanding  a high 
temperature  without  fusion.  Such  a lining 
combines  with  acid-forming  oxides  such  as 
that  formed  by  the  oxidation  of  phosphorus, 
and  does  not  combine  with  any  basic  material 
such  as  lime,  which  may  be  added  to  the 
charge  for  the  purpose  of  combining  with  and 
removing  the  phosphorus  after  it  has  been 
burnt  by  the  blast,  so  that  it  shall  not  re-enter 
into  combination  with  the  iron.  The  use  of 
burnt  lime,  for  the  purpose  of  removing  sulphur 
and  phosphorus  from  iron,  was,  it  appears, 
first  recommended  by  Dr.  Collyer. 

The  basic  lining  for  converters  appears  also 
to  have  been  suggested  by  Professor  Gruner,  but 
it  was  some  years  later  that,  in  looking  about 
for  a refractory  basic  material  that  could  be 
made  into  bricks,  Mr.  G.  J.  Snelus  found  that 
a magnesian  limestone  containing  a small 

* Engineering,  January  14th,  1898. 


quantity  of  iron  in  the  form  of  oxide  could  be 
so  indurated  by  the  action  of  fire  that  moisture 
would  not  cause  it  to  slake.  But  to  Messrs. 
Percy  Gilchrist  and  Gilchrist-Thomas,  tlie  | 
credit  of  devising  a process  for  removing  | 
phosphorus  from  the  iron  is  due,  the  working  , 
of  the  process  on  a large  scale  being  carried 
out  by  Mr.  E.  Windsor  Richards. 

The  Arrangement  of  Plant  in 
Bessemer  Works. 

The  various  arrangements  of  Bessemer  plant  ; 
have  been  designed  for  purpose  of  working  . 
with  convenience  and  expedition  without  extra  . 
labour,  and  in  this  the  American  engineers 
have  excelled. 

The  essential  difference  between  the  English  , 
system  as  devised  by  Bessemer  and  the  Ameri- 
can by  Holley,  is  that  in  England  the  con- 
verters are  placed  face  to  face,  and  thus  little 
more  than  half  the  circle  traversed  by  the  > 
casting  ladle  can  be  used  for  placing  moulds, 
but  in  the  American  plant  the  converters  are  ; 
placed  side  by  side,  so  that  about  four-fifths  of 
the  circle  are  available  for  moulds. 

The  difference  in  output  was  350  tons  of 
ingots  per  week  in  England,  as  against  500  ; 
tons  or  more  in  the  United  States.  Such  work, 
however,  was  secured  by  Holley’s  renewable  , 
bottoms  for  the  converters,  which,  ready  dried, 
are  capable  of  being  fixed  immediately  after  ■ 
the  old  bottom  has  been  removed,  and  by 
intermediate  receiving  ladles  for  conveying  ; 
weighed  charges  of  metal  to  the  converters. 

It  appears  that  the  practice  in  America  of  ^ 
blows  of  short  duration,  with  short  intervals 
between  the  blows,  is  really  necessary,  because 
there  is  but  little  silicon  to  be  removed.  By 
rapid  blowing,  a large  amount  of  heat  is 
evolved  in  a short  period,  and  the  interval 
between  two  blows  being  short,  there  is  rela- 
tively very  little  loss  of  heat  from  the  vessels  * 

The  Chemistry  of  the  Bessemer  Pro- 
cess.—The  Visible  Effect  during 
“ Blowing.” 

When  a converter  has  been  heated  and 
charged  with  metal,  it  lies  in  a horizontal 
position,  and  until  brought  to  a position  when 
the  molten  metal  begins  to  run  over  the  twyers, 
no  air  passes,  because  the  blast  valve  has  not 
yet  been  opened.  Directly,  however,  the  air 
is  forced  through  the  twyers,  the  vessel  gradu- 
ally assumes  an  erect  position,  and  then 
blowing  begins,  the  whole  apparatus,  and  even 

'*  H.  M.  Howe,  A.M.,  S.B.,  “Notes  on  the  Bessemer 
Process,”  “Jour.  Iron  and  Steel  Inst.,”  vol.  ii.,  1890. 
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the  ground  upon  which  it  stands,  is  shaken 
with  the  violent  agitation  taking  place  in  the 
heated  mass  of  liquid  iron.  Molten  iron  by 
the  hundredweight  is  projected  upward,  which 
falls  back  again  and  encounters  the  blast. 
There  can  be  no  doubt  of  complete  mixing  of 
the  metal  and  of  contact  with  the  blast.  A 
roar  comes  from  the  mouth  of  the  vessel, 
accompanied  by  an  irregular  and  intermittent 
violet  flame ; next  the  flame  becomes  con- 
tinuous, less  transparent,  and  it  changes  to 
yellow.  Gradually  becoming  whiter,  it  becomes 
denser  and  larger,  that  is  to  say,  longer,  and 
intensely  brilliant.  There  are  now  no  irregular 
eruptions,  but  a steady  roar,  the  metal  being 
hotter  and  much  more  fluid.  The  sparks 
ejected  during  the  earlier  stages  are  larger, 
and  particles  of  iron,  or  of  ferrous  carbide, 
burn  in  the  air  with  vivid  scintillations,  being 
composed  of  drops  of  metal  with  graphite  in 
them,  or  containing  ferrous  carbide  ; the  sparks 
become  smaller  and  hiss  without  throwing  out 
other  sparks.  They  can  change  to  brilliant 
stars  of  a bluish  colour  appearing  to  float  in 
the  flame. 

Occasionally  lumps  of  molten  slag  are 
thrown  out,  but  more  often  they  reach  only  to 
the  mouth  of  the  converter  and  fall  back  into  it. 
Sometimes  the  heat  of  the  charge  becomes  so 
much  increased  that  the  air  passes  freely 
through  the  highly-fluid  metal  and  combustion 
rapidly  increases  them,  the  flame  becoming 
very  brilliant  and  long  is  accompanied  by 
bursts  of  sparks,  slag,  and  metal.  This  is 
technically  called  “blowing  wild,”  and  the 
progress  being  too  rapid  is  less  under  control 
than  it  should  be  and  the  temperature  is  too 
high.  It  is  then  necessary  to  turn  down  the 
converter  to  stop  the  blowing  and  cool  the 
charge. 

Inside  the  converter  a liquid  slag  is  seen 
floating  on  and  completely  covering  the  metal. 
Sometimes  cooling  is  effected  by  throwing  in 
solid  pig-iron,  sometimes  an  old  ingot  mould 
is  charged  into  it,  and  I have  even  seen  a 
charge  cooled  with  one  or  two  buckets  of 
water  which  were  thrown  right  on  to  the  slag. 
When  the  large  brilliant  flame  is  seen,  the  metal 
is  at  the  stage  known  as  the  “boil,”  but 
presently  its  brilliancy  and  density  begin  to 
diminish,  the  flame  becomes  amethyst  in  colour, 
and  also  transparent  or  thin  ; it  is  coloured 
yellow  only  at  the  edges  and  near  the  mouth  of 
the  vessel  ; it  becomes  irregular,  then  somewhat 
shorter,  and  finally  it  drops  suddenly  within  the 
mouth,  at  which  instant  the  converter  is  turned 
over  on  its  back  and  the  blowing  ceases. 


Into  the  molten  metal  there  is  now  run  either 
a charge  of  spigeleisen  or  of  ferro-manganese. 
The  former  is  delivered  by  a spout  or  gutter 
from  a cupola  furnace  in  which  it  has  been 
melted,  or  from  a ladle  ; the  latter  is  thrown  in 
a red-hot  solid  state.  A few' seconds  of  blowing 
stirs  up  and  mixes  the  two  metals  or  even 
resting  for  a few  minutes,  and  then  the  liquid 
mass  is  poured  into  the  ladle.  After  the  last 
of  the  metal  has  been  poured  out  the  converter 
is  tipped  up  so  as  to  empty  it  by  draining  off 
the  slag.  Before  it  has  time  to  lose  much  of 
its  heat  another  charge  is  introduced  and 
blowing  re-commenced. 

The  experiment  I am  about  to  show’  you 
gives  on  a small  scale  some  idea  of  the  colour 
of  the  flame  and  of  the  sparks.  I am  burning 
in  the  o.xy-hydrogen  blow’-pipe  powdered  fern- 
manganese,  and  you  w'ill  observe  the  peculiar 
yellowcolour  and  intense  luminosity  of  the  flame, 
this  is  due  to  the  combustion  of  manganese. 
I can  show  this  to  you  now  by  substituting  a 
piece  of  Bessemer  slag  essentially  a manganese 
silicate  in  composition,  and  you  observe  the 
same  colour  communicated  to  the  flame.  The 
intensity  of  the  flame  is  such  that  when  photo- 
graphed on  a day  with  a cloudless  blue  sky,  it 
appears  intensely  w'hite  against  a dark  back- 
ground, which  is  an  indication  of  its  great 
brilliancy  and  photographic  power.  (Two 
photographs  taken  at  Dowlais  were  thrown 
upon  the  screen  w’hich  very  clearly  showed 
this.) 

Now,  during  the  whole  period,  but  more 
especially  near  the  close  of  the  “blow”  a 
large  amount  of  flame  is  given  off  from  the 
converter,  this  condenses  in  the  cold  air  to 
minute  spherules  of  brown  ferruginous  matter, 
it  has  a chalybeate  flavour,  and  is  evidently 
composed  largely  of  iron  and  no  doubt  man- 
ganese. It  has  been  analysed  by  Schoffel  for 
Brunner,  and  its  composition  suggests  the 
volatilisation  of  silicon,  silica,  or  some  silicon 
compound. 

Analyses  of  fume  from  a converter  during  the 
fining  period,  gave  the  composition  FeO,  i6'2q 
per  cent.  ; SiO.,  34‘86  per  cent.  ; MnO.  48-23 
percent.  (Schoffel).  This  roughly  is  represented 
by  MnaSioO;  or  (FeMn^SioO;). 

The  Course  of  Chemicae  Change. 

The  course  of  chemical  change  which  takes 
place  in  the  converter  was  first  studied  by 
Mr.  G.  J.  Snelus,  F.R.S.,  who  gave  (f7/c/;;/r^/ 
A'civs,  vol.  xxiv.,  p.  159,  i8;i)  the  original 
composition  of  the  pig-iron  blown,  and  of  the 
metal  in  the  vessel  at  different  stages  in  the 


7H 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


{July  8,  1898. 


analyses  of  the  slag  removed  at  different  times 
and  of  the  gas  issuing  from  the  converter.  The 
latter  was  a work  of  great  difficulty  owing  to 
the  high  temperature.  The  results  of  the 
numerous  analyses  are  best  studied  when 
reduced  to  curves.  Fig.  7 deals  with  a 
pig-iron  containing  : — • 

Per  Cent. 


Graphite  2-07 

Silicon  I ’95 

Combined  Carbon  i*2 

Manganese  0-04 


The  operation  in  the  acid  process  when  con- 
tinued for  twenty  to  twenty-four  minutes  is 
divided  into  three  periods — 

First  Period.  Second  Period.  Third  Period. 

Duration,3to6  Duration,  12  to  14  Duration  4 to  6 
minutes.  minutes.  minutes. 

Formation  of  Evolution  of  gas.. 

slag.  . 

Slag  Period.  The  Boil,,  Fining  Stage. 


and  carbon  in  the  bath,  and,  secondly,  a volati 
lisation  of  manganese  from  the  bath  and  als(| 
from  the  slag.  Thirdly,  the  carbon  dioxid(j 
dimishes  rapidly,  while  the  volume  of  carboi! 
monoxide  largely  and  rapidly  increases,  causing 
violent  ebullition  during  its  escape.  Fourthly 
there  is  a production  of  some  hydrogen  by  th( 
decomposition  of  water  vapour  in  the  bias 
acting  upon  the  molten  metal,  but  the  quantit} 
of  course  is  small,  and  it  will  be  seen  by  thi 
curve  that  it  is  constant.  (Fig.  8.) 

During  the  third  period,  or  fining  stage,  thej 
product  is  carbon  monoxide  from  the  oxidatior 
of  the  remaining  portion  of  carbon,  but  nc, 
carbon  dioxide,  the  temperature  being  too  higf 
to  admit  of  its  production  in  presence  of  iron 
There  is  a ferrous  silicate  or  slag  formed  unti 
the  silicon  is  quite  removed.  Hydrogen  is; 
steadily  produced.  A small  amount  of  man- 
ganese is  volatilised  from  the  slag.  Here  we; 
have  in  the  metal  bath  fuel  equivalent  to  3^  cwt. 
of  coke,  while  the  combustion  of  the  silicon  isj 
equal  to  half  as  much  more,  or  in  all  5 cwt.  28  lbs, 


Fig.  7.^ 


During  the  first  or  slag  period  the  following 
changes  occur  in  the  acid  process  as  con- 
ducted in  England. 

I.  Oxidation  of  manganese  until  this  is 
entirely  removed  from  the  metal.  2.  Oxidation 
of  the  silicon  ; formation  of  a fusible  silicate  or 
slag  with  manganese  and  iron.  3.  Combustion 
of  combined  carbon,  chiefly  to  form  carbon 
dioxide,  but  partly  carbon  monoxide.  4.  Gra- 
phite is  converted  into  ferrous  carbide,  that  is 
to  say,  combined  carbon. 

From  the  results  of  Mr.  J.  G.  Snelus  the 
proportion  of  CO2  to  CO  formed  throughout  the 
oxidation  of  the  carbon  is  as  55  •!  CO2  to  260*2 
CO  or  17*4  per  cent,  by  weight  of  the  gas. 

During  the  second  period,  the  “boil,” 
there  is,  first,  a steady  combustion  of  silicon 

* Fig'S.  7,  8,  9,  from  “Phil,  Trans.,”  vol.  185,  p.  1041.  1895. 


burnt  in  twenty  minutes  at  a high  temperature, 
and  with  the  aid  of  compressed  air.  Kupelwieser 
has  shown  in  a similar  manner  by  analyses  the 
oxidation  of  the  impurities  in  a pig-iron  of  the 
following  composition  burnt  in  a blow  of 
twenty  minutes’  duration  ; — • 

Per  Cent. 


Manganese  3*46 

Graphite  3*18 

Combined  Carbon  0*75 

Silicon  1*96 


First  period,  or  slag  formation,  lasting  eleven 
minutes  : — 

I.  Oxidation  of  manganese.  2.  Oxidation 
of  silicon  and  formation  of  slag.  3.  Formation 
of  ferrous  or  manganese  carbide  from  graphite. 
4.  Oxidation  of  ferrous  carbide  (combined 
carbon). 
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Second  period,  the  boil,  lasting  four  and  a 
lalf  minutes,  continuous  oxidation  of  silicon, 
carbon,  and  manganese. 

Third  or  the  fining  period,  duration  two 
and  a half  minutes,  the  final  removal  of 
impurities,  carbon,  silicon'and  manganese. 

In  addition  to  the  changes  thus  given  in 
detail,  there  is,  furthermore,  in  the  fining  stage 
' an  oxidation  of  iron,  also  in  both  the  boil  and 
' the  fining  period  a volatilisation  of  iron,  and  of 

I manganese  takes  place,  and  as  the  gas 
‘ I produced  in  the  converter  constitutes  a 
’ ( reducing  atmosphere  at  a high  temperature, 

' the  metallic  vapours  are  carried  out  of  the 

I I converter  into  the  air  where  they  are  burnt 
• i 


in  the  working  of  the  St.  Louis  blast  furnaces 
at  Marseilles  in  1878.* 

It  must  here  be  noted  that  in  working  the 
“acid  process,”  the  phosphorus  and  sulphur 
in  the  original  pig-iron  are  not  removed,  and 
consequently  the  per-centage  or  -proportion  of 
these  constituents  in  the  finished  Bessemer 
hietal  is  increased  by  so  much  as  the  other 
impurities  in  the  iron  are  diminished.  On  this 
account  only  very  pure  hajmatie  pig  in 
England,  or  charcoal  pig-iron  in  Sweden  is 
suitable.  Sir  Henry  Bessemer  had  at  first 
great  difficulty  in  obtaining  a metal  suitable 
for  his  requirements,  and  in  fact,  as  1 have 
previously  stated,  he  had  it  smelted  specially 


Fig.  8. 


Per  cert 


along  with  the  carbon  monoxide.  Hence  the 
I production  of  fume.  Towards  the  close  of  the 
fining  stage  the  manganese  in  the  fume  is 
reduced  in  quantity  and  the  iron  is  increased. 

The  curves  which  I have  reduced  from 
Kupelwieser’s  analyses  differ  from  those  of 
Snelus  in  detail  only,  which  is  owing  to  the 
difference  in  composition  of  the  iron  blown, 
and  the  timing  of  the  periods  being  different 
I in  consequence,  but  they  are  the  same  in 
general  effect. 

The  volatilisation  of  manganese  from  the 
metal  and  from  the  slag  is  due  to  the  very 
volatile  nature  of  this  element  as  was  first 
j ascertained  and  pointed  out  by  Professor  J ordan 


for  him  from  materials  which  contained  vciy’ 
little  sulphur  or  phosphorus. 

The  Thomas-Giechrist,  or  “Basic” 
Bessemer  Process. 

j In  dealing  with  the  Thomas  - Gilchrist  or 
I “basic”  Bessemer  process,  it  may  be  men- 
1 tioned  that  the  great  majority  of  British 
and  foreign  iron  ores  yield  pig-irons  which  are 
quite  unsuitable  for  treatment  owing  to  the 
I sulphur  and  phosphorus  they  contain,  but  it 
has  now  been  found  that  the  phosphorus  can 
be  turned  to  a positive  advantage. 

In  describing  the  “blow”  there  is  a very 

* “ Comptes  Remlus.” 
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notable  fact  that  from  the  first  the  flame  from 
the  converter  is  luminous,  the  luminosity 
being  apparently  caused  by  gaseous  hydro- 
carbons produced  from  the  tar  contained  in  the 
lining  of  the  vessel;  but  luminosity  is  also 
caused  by  basic  material,  such  as  lime  in  the 
charge.  After  this  initial  charge,  the  progress 
is  very  much  the  same  until  the  fining  stage  is 
nearly  concluded,  when  a burst  of  sparks 
accompanied  by  lumps  of  slag  occurs.  No 
doubt  the  reason  of  this  indication  is  the 
stiffening  of  the  slag  owing  to  its  accumulation 
and  probably  to  some  extent  cooling.  At  this 
point  the  converter  is  turned  down  and  a 
sample  of  metal  is  removed  and  broken  to 
ascertain  from  the  appearance  of  its  fracture 


yellow,  and  even  appears  somewhat  similar 
intensity  and  colour  to  the  blaze  which  is  se 
in  making  the  experiment  of  burning  phc| 
phorus  in  oxygen.  While  this  is  in  progrei 
there  is  nothing  to  indicate  how  far  t 
phosphorus  has  been  removed,  and  lapse 
time  only  determines  the  finish  of  the  operatic 
While,  therefore,  there  are  three  periods  in  tl, 
“ acid  process  ” there  are  four  in  the  “ basic 
namely,  the  1°,  slag  forming ; 2°,  the  boi 
3°,  the  fining  stage  ; and  4°,  the  phosphor 
period,  commonly  termed  the  over-blow. 

Evolution  of  much  Heat  during  thi 
Bessemer  Process. 

The  first  explanation  offered  of  the  cause 


Fig.  9. 


the  quantity  of  phosphorus  to  be  removed  and 
the  time  during  which  blowing  must  be  con- 
tinued. A quantity  of  burnt  lime  is  thrown  into 
the  converter  and  the  blowing  is  resumed.  This 
period  is  termed  the  “over-blow”  or  “phos- 
phorus period.”  As  the  manganese,  carbon, 
and  silicon  have  gone  the  blast  attacks  the  iron 
and  phosphorus,  and  as  these  materials  are 
not  gaseous  the  flame  is  not  one  which  burns 
at  the  mouth  as  is  the  case  throughout  the 
“ acid  process,”  but  in  the  interior  of  the  vessel, 
as  it  extends  it  appears  outside,  and  along  with 
it  are  dense  reddish  clouds  of  fume  composed 
of  iron  oxide ; it  then  becomes  of  a brighter 


the  very  high  temperature  maintained  durin: 
the  Bessemer  blow  was  that  of  ProfessO' 
Jordan,  of  the  Ecole  Centrale  in  Paris,  rea( 
before  the  French  Society  of  Civil  Engineer 
May  20th,  1869,  and  subsequently  Professor  R 
Akerman  (“  Jour.  Iron  and  Steel  Inst.,”  1872 
11.  p.  no)  specially  referred  to  the  heating 
effect  of  silicon,  but  exact  data  at  that  timi 
were  wanting.  He  assumed  that  the  tempera 
ture  of  the  molten  pig  iron  to  be  blown  wa; 
1,400°  Centigrade,  and  the  gases  leaving  th( 
converter  to  be  also  at  this  temperature.  Thev 
are  certainly  not  below  1220° — the  temperaturd 
of  molten  pig-iron.  The  intensely  high  tern 
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)erature  maintained  is  due,  not  so  much  to 
:arbon  as  to  the  combustion  of  the  silicon,  or 
ather  of  ferrous  silicide,  in  the  pig.  In 
Engineering,  1870,  ii.  p.  200,  Lieutenant 

Ii)utton  gave  an  account  of  the  chemistry  of 
he  Bessemer  process,  and  referred  to  Prof, 
fordan’swork.  Both  practical  experience  and 
iifferent  methods  of  investigation  have  con- 
irmed  and  justified  his  conclusions. 

I 

I Temperatures  Developed  in  Industrial 
t Furnaces.* 

Temperatures  taken  Jrom  a Robert  Converter: 


Flame  at  the  “boil” i,330°  C. 

,,  at  the  finish Ij58o° 

Of  slag  after  pouring 1,640° 

,,  steel  in  ladle  1,640° 

,,  steel  in  mould  i)S8o° 

,,  solidification  of  scale L340° 


^cale  of  Temperature  adopted  was  that  of  Violle. 
Sulphur,  boiling  point,  448°  C. ; Gold,  melting 
point,  1,045°  O. ; Palladium,  melting  point, 
1,500°  C.‘,  Platinum,  1,775°  C. 

Melting  points. 


Swedish  white  iron  1,135°  C. 

Grey  cast  1,220° 

Ingot  iron,  o*i  per  cent.  C i>475° 

Mild  steel,  0*3  per  cent.  C i>455° 

Hard  steel,  0*9  per  cent.  C 1,410° 

Siemens-Martin’s  mild  steel  in 

ladle  1,490° 

Ingot  iron  L540° 

Siemens’  crucible  steel-melting 
furnace  (temperature  of  space 
between  the  crucibles) 1,600° 


With  reference  to  some  points  already  dealt 
with,  it  will  be  convenient  to  glance  at  a classi- 
fication of  the  different  forms  of  converters  which 
have  been  and  are  now  in  use. 


Bessemer  Vessels. 


Fixed. 


Moveable. 


Old  Form. 

Swedish  Vessel. 
Clapp-Griffith. 

Witherow  Clapp-Griffith. 
Hatton. 


Improved  Old  Form. 
Holley’s. 

Thomas  Gilchrist. 
Walrand-Delattre. 
Robert. 

Davy. 

Tropenas. 

Walrand-Legenisel. 


Of  these  we  have  : — 


The  Swedish. 

Clapp-Griffith. 

Walrand-Delattre. 

Kobert. 

fropenas. 


Used  for  side -blown 
charges. 


Ordinary  Acid  Process.  ■ 

Holley’s.  1 

Thomas-Gilchrist.  ' 

Walrand-Legenisel.  ( charge-,. 

Davy.  J 

As  I have  already  mentioned  the  Robert, 

Walrand-Legenisel,  and  Tropenas  vessels  can 
be  made  of  a diminutive  dimensions,  working 
up  small  charges  of  metal  such  as  six  or  eight 
hundred-weight. 

They  have  their  special  uses  in  the  manu- 
facture of  steel  in  comparatively  small 
quantities,  for  the  construction  of  mining 
machinery  and  agricultural  implements,  and 
it  is  probable  that  their  employment  will  be 
greatly  extended  in  these  and  perhaps  other 
directions. 

I have  dealt  with  the  course  of  chemical 
change,  and  the  variation  of  the  different 
periods  in  the  oxidation  of  the  manganese, 
silicon,  carbon,  and  the  non-oxidation  of  the 
sulphur  and  phosphorus  in  acid  “ blows.”  The 
duration  of  the  periods  is  dependent  upon  the 
composition  of  the  metal,  whether,  there  is  for 
instance,  much  silicon  or  little  silicon,  much 
manganese  or  little  manganese. 

Two  striking  examples  may  be  mentioned. 
It  is  well  known  that  in  the  United  States 
blowing  is  accomplished  with  great  rapidity, 
in  from  eight  to  fourteen  minutes  ; and  that 
special  arrangements  have  to  be  made  for  rapid 
working. 

The  reason  of  this  has  been  explained  by 
Mr.  H.  M.  Howe.  The  iron  contains  but  little 
silicon  and  its  initial  temperature  is  low, 
besides  which  there  is  a large  out-put  from  the 
works.  The  blow's  are  of  short  duration 
because  there  is  little  silicon  to  remove,  and 
because  it  is  rapidly  removed  by  supplying  a 
copious  blast  of  air.  Even  with  a small  per- 
centage of  silicon  the  heat  evolved  is  sufficient 
to  maintain  a high  degree  of  fluidity  in  the 
metal  because  the  blows  and  the  internals 
between  them  are  so  short  that  relatively  but 
little  heat  escapes  from  the  vessels,  and  they 
remain  so  hot  that  another  blow  can  follow 
immediately  upon  one  that  has  finished.* 
Another  example  is  afforded  us  by  the  Swedish 
process,  w’hich  as  already  mentioned  could  be 
carried  out  in  a fixed  converter,  and  without 
any  final  addition  of  spiegelcisen. 

The  process  could  be  stopped  at  the  right 
moment  by  observing  the  flame.  This  is  due 
to  the  large  amount  of  manganese  that  the 

* “ Notes  on  the  Bessemer  Process.”  By  H.  M.  Howe. 
A.M.,  L.B.,  lioston,  “Jour.  Iron  and  Steel  Inst.,”  vol.  ii., 

^890,  p.  I. 


H.  Le  Chatelier.  C.  R.  iij,  pp.  470-73. 
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metal  contained,  which  after  the  removal  of 
the  silicon  and  carbon  still  left  a sufficiency 
of  manganese  in  the  bath  to  prevent  oxidation 
of  the  iron  by  the  blast ; whether  the  metal 
contains  much  or  little  silicon,  much  or  little 
manganese  determines  the  method  of  working, 
and  the  duration  of  the  periods  of  the  blow\ 
The  modification  of  the  process,  however, 
determines  the  number  of  periods  in  the  blow, 
thus  : (i)  the  Acid  Bessemer  blow  has  three 
periods ; (2)  the  Basic  has  four  periods  ; 

(3)  the  Walrand-Legenisel,  whether  acid  or 
basic,  has  four  periods  ; (3)  the  Tropenas  either 
three  or  four  according  as  it  is  acid  or  basic. 
In  the  basic  process  the  fourth  period  is ‘an 
over-blow  or  ferro-phosphorus  period,  ferrous - 
phosphide  being  the  substance  burnt,  but  in 
the  Walrand-Legenisel  acid  process  it  is -a 
ferro-silicon  period.  The  gas  escapes  and 
burns,  and  when  all  the  carbon  has  gone  ferro- 
silicon  is  added  and  the  over-blow  takes  place, 
whereby  a high  temperature  results  from  the 
combustion  Of  the  ferrous-silicide,  and  a very 
fluid  metal  can  be  cast.  In  the  Tropenas  blow 
the  carbon  is  burnt  off,  and  the  carbon 
monoxide  is  consumed  in  the  converter,  but  the 
blow  may  be  either  “ acid  ” or  “ basic.’’ 


Miscellaneous. 


PROGRESS  OF  BELGIAN  VICINAL 
RAIL  WA  VS. 

Last  year’s  working  of  Belgian  vicinal  or  parish  rail- 
ways, as  distinguished,  from  the  normal  standard- 
gauge  lines  (with  which  latter  the  country  is  however 
abundantly  provided),  proves  the  wisdom  of  the 
policy  which  established  the  comprehensive  system 
of  endowing  outlying  districts  with  cheap  means  of 
communication  that  has  been  referred  to  in  previous 
articles.* 

On  31st  December,  1896,  the  Societe  Nationale 
des  Chemins  de  Fer  Vicinaux,  whose  offices  are  in 
Brussels,  held  the  concession  of  77  light  lines, 
together  1,627*53  kilometres  long;  and  during  last 
year  that  body  obtained  22  new  concessions  of  lines 
and  extensions,  measuring  193*08  kilometres,  so  that 
at  the  end  of  last  year  the  length  attained  1,823*89 
kilometres.  Seven  new  concessions  and  extensions, 
together  77*03  kilometres,  accorded  during  the  present 
year,  brings  up  the  totalnumber  of  lines  to  88,  and  the 
total  length  to  1,900*92  kilometres  (i,i8i  miles).  Of 
this  number,  73  lines,  1,549*6  kilometres  {962  miles) 
long,  are  laid  to  the  gauge  of  one  metre  (3  ft.  3f  in.) ; 
and  1 1 lines,  325*27  kilometres  (213  miles)  long,  to  the 
gauge  of  1*067  metre  (3  ft.  5fiin.),  which  is  that  of 

* See  Journal  of  June  21, 1895,  July  3, 1896,  and  June  18,  1897, 


the  Dutch  Vicinal  Railways,  so  as  to  permit  (| 
through  working  into  Holland,  while  the  remainiiii 
four  lines  are  laid  to  the  standard  gauge,  becauM 
forming  actual  junctions  Avith  normal  lines. 

Out  of  the  above  number,  71  lines  are  alreadi 
opened  for  traffic,  69  of  them  being  worked  by  stear' 
locomotives  and  one  only  by  horses,  while  on  anothe 
line  locomotives  have  been  superseded  by  electric  hau 
age  on  the  trolley  system,  which  will  also  be  adopter 
on  the  network  of  the  centre  district,  also  on  the  Chai 
leroi  urban  lines.  Besides  the  88  lines  conceded  to  th 
Societe  Nationale  before  its  formation,  seven  other 
were  conceded  to  independent  companies ; and  thi 
brings  the  number  of  light  or  economical  lines  up 
95,  together  1,970  kilometres  (1,224  miles)  long,  an. 
constituting  42*7  per  cent,  of  the  normal  standard, 
gauge  lines,  the  total  length  of  which  is  4,605  kilo! 
metres  (2,861  miles). 

The  length  of  principal  line,  i.e.,  not  including 
sidings  or  crossings,  opened  at  the  end  of  last  yea 
was  1,469*691  kilometres  (913  miles),  of  whicl 
1,043*552  kilometres  were  laid  along  roads  no 
widened,  82*828  along  widened  roads,  and  onl) 
343*311  kilometres  on  land  taken  for  the  purpose 
Last  year  three  new  points  of  union,  not  actua 
junctions,  but  comprising  exchange  stations  with 
standard-gauge  lines,  brought  up  the  total  number  tc 
77,  including  50  with  the  Belgian  State  Railways 
During  the  same  period  23  new  private  sidings 
brought  up  their  total  number  to  159,  including  113 
to  works  and  45.  to  farms.  At  the  end  of  last  yeai 
the  total  amount  of  contracts  made  for  laying  and 
stocking  the  various  lines  amounted  to  71,238,931  frs. 
'(;^2,849,557). 

Last  year’s  total  receipts,  viz.,  those  for  all  the  lines 
and  from  all  sources,  amounted  to  7,055,591  frs.  25  c.,! 
and  the  expenses  to  4,742,297  frs.  23  c.,  showing  the 
mean  coefficient  of  working  to  be  67*21  per  cent., 
against  68*43  per  cent,  in  1896,  while  the  receipts 
during  the  beginning  of  the  present  year  show  a 
^tendency  to  increase  in  still  greater  ratio.  Of  the 
eight  lines  which  carry  passengers,  and  not  goods, 
there  was  an  increase  in  the  number  of  passengers, 
and  in  two  a diminution.  Of  the  56  lines  carry*ing 
both  goods  and  passengers,  in  29  there  was  an 
increase  in  the  receipts  from  both  sources ; in  6 there 
was  increase  from  passengers  and  diminution  from 
goods,  with  increase  on  the  whole ; in  9 there  was 
diminution  of  passengers  and  increase  of  goods,  with 
increase  on  the  whole,  and  in  10  lines  there 
was  just  the  contrary,  while  in  two  lines  only 
was  there  increase  of  goods  with  diminution  in 
passengers  and  also  on  the  whole  working.  This 
shows  an  increase  in  the  total  receipts  for  44  lines 
and  diminution  for  12  others.  As  to  10  of  these, 
this  is  accounted  for  by  the  unusual  dryness  of  last 
autumn,  and  depression  in  the  beetroot  sugar  trade, 
while  in  some  cases  the  previous  year’s  receipts  were 
swelled  by  unusual  causes  which  did  not  operate  last 
year. 

In  1891,  the  trains  ran  over  3,948,691  kilometres 
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(2,453,645  miles),  and  in  1897  over  7,1 18, 197*65  kilo- 
metres (4,423,127  miles),  showing  an  increase  of  44*53 
percent. ; but,  notwithstanding  this  great  increase,  the 
number  of  fatal  accidents  has  not  increased  appre- 
ciably. Last  year  the  number  of  persons  killed  was 
30,  of  whom  only  two  were  employes^  and  three  pas- 
sengers Avho  attempted  to  enter  or  leave  a train  in 
motion,  the  remainder  being  those  who  attempted 
to  cross  the  line  in  the  front  of  a train,  or  were  deaf, 
drunk,  or  evidently  intended  to  commit  suicide. 

The  general  or  administrative  expenses,  which  in 
1891  corresponded  with  3*808  per  cent,  of  the  cost 
incurred  in  making  and  stocking  the  lines,  became 
reduced  to  3*764  per  cent,  last  year.  Out  of  the  70 
lines  in  operation  on  31st  December,  1897,  an  im- 
proved financial  condition  was  shown  by  50;  and  47 
paid  a higher  dividend  last  year  than  in  1896,  while 
the  accounts  of  three  others  were  balanced  by  slight 
profits,  as  against  losses  on  previous  year’s  working. 
The  total  loss  in  working  since  the  Society  began 
operations  in  1885  was  accordingly  reduced  from 
75,472  frs.  59  c.  at  the  end  of  1896,  to  62,i66frs.  92c. 
(^2,486  13s.  6id.)  at  the  end  of  last  year,  while  the 
reserve  fund,  intended  to  partly  meet  these  losses, 
was  increased  from  535,831  frs.  49  c.,  at  the  end  of 
1896,  to  702,204  frs.  86  c.  (;^28,o88  3s.  iid.)  at  the 
end  of  last  year.  The  sum  of  the  individual  reserve 
fund  of  the  various  lines  increased  respectively  from 
357,220  frs.  83c.  to  468,136  frs.  36c.  (^18,725  9s.  Id.). 
During  the  last  two  years  not  a single  line  has  been 
worked  at  a loss ; and  of  the  65  lines  that  have  been 
worked  at  least  for  a whole  year,  30  yield  a dividend 
higher  than  that  guaranteed,  7 a dividend  higher 
than  3 per  cent.,  and  8 others  more  than  2*5  per 
cent.  The  mean  dividend  has  indeed  increased  with 
remarkable  regularity  from  2*65  per  cent,  in  1890,  to 
2*75  per  cent.,  2*76  per  cent.,  2*8  per  cent.,  2*9  per 
cent.,  2*98  per  cent.,  and  3*08  per  cent.,  until  it 
attained  3*15  per  cent,  last  year. 


LEIPSIC  COMMERCIAL  HIGH  SCHOOL. 

The  New  Commercial  High  School  {Handels- 
hochschule)  which  was  opened  on  the  26th  Ajiril 
last,  is  thus  described  by  her  Majesty’s  Consul 
at  .Stettin  in  a report  received  by  the  Foreign  Office  : — 

“ The  opening  of  the  first  German  Handelshoch- 
schule  at  Leipsic  is  an  occurrence  that  must  be 
looked  upon  by  merchants  and  those  connected  with 
the  vast  commerce  of  the  United  Kingdom  as  an 
abject-lesson  of  very  serious  import.  It  is  an  event 
that  is  hailed  all  over  Germany  by  educated  persons 
with  the  keenest  interest  and  intense  expectation  as  a 
great  advance  in  the  commercial  education  of  the 
Empire.  The  choice  of  Leipsic  as  the  centre  of 
Germany  and  the  seat  of  an  ancient  and  flourishing 
commerce,  which  during  the  last  20  years  has  de- 
veloped to  an  enormous  extent,  and  as  also  the  seat  of 
one  of  the  oldest  and  most  celebrated  of  the  Uni- 
versities, has  been  much  approved. 
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“ The  HandelshochschuLe  has  wide  aims  ; it  does 
not  confine  itself  to  clerks  or  young  men  interested  in 
business,  but  opens  its  classes  and  lectures  to  mer- 
chants who  are  .seeking  for,  A higher  commercial 
education  to  fit  them  for  the  duties  which  may  .some 
day  devolve  upon  them  as  heads  of  large  industrial 
and  commercial  firms  j aLo  to  those  who  may  be 
destined  to  rej>resent  the  interests  of  German  trade  in 
foreign  lands,  such  as  (Consuls,  &c.,  in  fact,  to  all 
who  have  a desire  to  increase  their  knowledge  in 
general  commercial  accomjjlishments  or  on  any  .-.[Hrcial 
industrial  branch.  It  also  is  intended  to  give  instruc- 
tion to  lawyers  and  retired  officers  of  the  Army  anrl 
Navy  in  mercantile  affairs,  as  for  instance,  the  laws 
and  practice  of  insurance.  Chemists  who  are  em- 
ployed as  apothecaries  in  large  druggists’  stores  or 
in  chemical  works,  will  also  find  their  classes  and 
educational  lectures  in  this  comjwehensive  establish- 
ment. 

“ Its  connection  with  the  University  of  J.eipsic, 
the  second  in  Germany,  with  the  collolx)ration  of  its 
leading  professors,  appears  to  give  evident  and  unmis- 
takable proof  that  the  new  institution  vv  ill  l)e  carried 
on  successfully,  and  that  the  excellent  design  of 
giving  a deeper  and  better  commercial  education  in 
all  its  branches  may  be  fully  realised. 

“ The  Leipsic  Chamber  of  Commerce  has  given  a 
financial  guarantee  for  the  working  of  the  school,  but 
under  a subvention  from  the  Saxon  Government  and 
a large  yearly  contribution  from  the  City  of  J.eipsic 
towards  the  expenses.  I believe  that  seldom  has 
anything  more  desirable  and  advantageous  towards 
the  promotion  of  commercial  education  been  evolved 
than  this  new  Handelshochschule  at  the  venerable 
University  of  Leipsic.” 


Correspondence. 

♦ 

PARLIAMENTARY  RETLRX  OF 
SECONDARY  AND  OTHER  SCHOOLS. 

I would  not  have  troubled  you  with  a letter  u|>on 
Mr.  Brereton’s  notes  on  this  Return  had  it  not  been 
for  the  final  paragraph,  which  has  nothing  to  do 
with  the  Return.  “ Technical  ” schools  as  such  are 
not  excluded  from  the  Return.  All  the  ‘*  local 
authority  ” schools  in  that  Return,  and  three-quarters 
of  the  “ endowed  ” schools,  have  more  than  two- 
thirds  of  that  work  “ technical  ” within  the  meaning  of 
the  Technical  Instruction  Acts,  and  are  subsidised  as 
such  by  the  local  authorities  or  by  the  Science  and 
Art  Department,  all  of  whose  work  is  within  the 
scope  of  those  Acts.  The  schools  which  are  ex- 
cluded are  technical  evening  schools  and  techno- 
logical (or  tertiary)  day  schools.  The  opinion  of  the 
Antwerp  Conference,  and  of  all  educationalists  who 
are  not  trade  unionists,  is  that  it  is  the  technological 
subjects  (commercial  as  well  as  industrial)  v\hich 
should  be  relegated  to  the  tertiary  stage,  not  the 
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technical  subjects  within  the  meaning  of  most  of  the 
work  of  the  Science  and  Art  Department,  and  of 
quite  half  of  the  work  under  the  Technical  Instruction 
Act.  There  is  no  argument  here  for  severing  that 
Department  and  those  authorities  under  that  Act 
from  the  secondary  schools.  In  no  secondary  school 
in  England  established  by  a local  authority  is  there 
given  a “ disconnected  smattering  in  general  and 
technical  subjects.” 

H.  Macan. 


Obituary. 


John  Philipson. — Mr.  John  Philipson,  a member 
of  the  Society  of  Arts  since  1882,  died  at  his  residence 
in  Newcastle,  on  Friday,  24th  June,  after  an  attack 
of  influenza.  Mr.  Philipson  was  born  at  Newcastle 
on  October  19th,  1832,  and  was  educated  at  Dr. 
Collingwood  Bruce’s  school.  He  subsequently  was 
apprenticed  to  his  father,  head  of  the  firm  of  Atkinson 
and  Philipson,  coach  builders,  which  was  founded  in 
1794.  was  greatly  interested  in  the  cause  of 

technical  education,  and  nearly  thirty  years  ago  he 
instituted  technical  classes  in  his  own  works.  He 
was  the  inventor  of  improvements  in  carriage  con- 
struction, and  the  author  of  text-books  on  “ Coach 
Bodymaking,”  “ Harness,”  and  “ The  Art  and  Craft 
of  Coach-building.”  In  1895,  he  was  President  of 
the  Institute  of  British  Carriage  Manufacturers,  and 
a member  of  several  other  societies.  He  was  a con- 
tributor to  the  Journal  of  the  Society  of  Arts. 

Sir  John  Scott,  K.C.M.G. — Sir  John  Scott, 
who  died  at  his  residence,  Southhome,  Chislehurst,  on 
Wednesday,  29th  ult.,  had  been  a member  of  the 
Society  of  Arts  since  1875.  He  was  born  in  1814, 
and  entered  the  public  service  in  1840.  Three  years 
later  he  was  appointed  secretary  to  the  Royal  Com- 
mission under  the  Ashburton  treaty  to  define  and 
mark  on  the  spot  the  north-eastern  boundary  between 
Canada  and  the  United  States.  His  next  appoint- 
ment was  as  Surveyor  - General,  member  of  the 
Legislative  Council,  and  senior  magistrate  of  the 
new  settlement  of  Labuan,  in  the  eastern  archipelago. 
In  1849  he  became  Acting  Lieutenant-Governor  and 
Treasurer,  and  in  the  next  year  succeeded  to  the 
Governorship  of  the  colony.  Six  years  later  he  was 
transferred  to  the  Governorship  of  Natal,  where  he 
remained  until  1865.  He  was  appointed  Governor  of 
British  Guiana  in  December,  1868,  and  resigned  at 
the  end  of  1873,  being  created  K.C.M.G.  in  the 
following  year. 


General  Notes. 

♦ 

Brussels  Art  Congress. — Information  has  been 
received  by  the  Science  and  Art  Department,  through 


the  Foreign  Office,  of  a Congress  of  Public  Art 
which  will  be  held  at  Brussels  from  the  24th  to  the 
28th  of  September  next.  This  first  International 
Congress  on  Art  has  been  organised  by  L’CEuvre 
Nationale  Beige.  The  subjects  to  be  discussed  at  this 
Congress  will  fall  under  the  three  following  sections ; — 
Public  art  (i)  from  the  legislative  point  of  view  ; (2) 
from  the  social  point  of  view ; and  (3)  from  the 
technical  point  of  view.  The  address  of  the  general 
secretariat  of  the  Congress  is  Hotel  Ravenstein, 
Bruxelles, 

Consumption  of  Coffee.— The  following  Table 
taken  from  the  Economista,  and  quoted  in  the  Board 
of  Trade  Journal,  shows  the  annual  consumption  of 
coffee  for  the  last  five  years  in  the  United  States  and 
the  principal  countries  of  Europe  : — 


Europe.  U.  S.  A. 

Tons.  Tons. 

1893  271,498  ....  248,117 

1894  272,191  258,822 

1895  277,400  ....  260,880 

1896  291,150  267,880 

1897  305.150  ••••  318,170 


As  will  be  seen  from  the  above,  the  consumption  of 
coffee  in  the  United  States  in  1897  exceeded  that  of 
the  whole  of  Europe.  The  European  countries  which 
consumed  the  most  coffee  are  Germany  (136,390  tons) 
and  France  (77,310  tons).  The  United  Kingdom 
consumed  only  12,420  tons,  and  Italy  12,500  tons. 

French  Economic  Progress  since  1870.— 
According  to  the  Bulletin  de  la  Societe  Geographie 
Commerciale,  since  the  end  of  1869  the  postal  traffic 
has  nearly  tripled  ; the  telegraphic  network  is  about 
nine  times  greater ; the  tonnage  of  the  railways  has 
doubled ; the  number  of  travellers  has  tripled ; the 
receipt  of  the  railways,  which  were  ^^27, 840,000,  have 
increased  more  than  ;^20,ooo,ooo ; interior  navigation 
has  doubled  ; the  production  and  consumption  of 
coal  have  increased  from  ^^840,000  to  ^^i, 520,000. 
The  production  of  cast-iron  has  advanced  33  per  cent. 
The  discounts  at  the  Bank  of  Fi'ance  have  risen  from 
£26^,000,000  to  ;i^345, 000,000.  Personal  property 
has  increased  enormously.  Deposits  in  the  savings 
banks  which  at  the  end  of  1869  were  ^^30, 000,000, 
now  exceed  160,000,000.  The  number  of  accounts 
open  wms  never  so  large.  The  deposit  of  funds  in 
banks  and  credit  societies  exceeds  ;^6o,ooo,ooo. 
France,  .since  the  war,  has  been  able  to  pay 

1.280.000. 000  for  the  public  debt  and  donations; 

1.000.  000. 000  for  the  army,  navy,  and  colonies; 
;^8o,ooo,ooo  for  public  instruction,  and  ^^200,000,000 
for  public  works,  and  this  does  not  include  the  ex- 
penditures of  private  companies.  The  ^^480,000,000 
which  the  war  of  1870  and  the  Commune  of  1871 
cost  have  been  paid.  No  country  has  given  such 
marvellous  proofs  of  actirity  and  of  progress,  not- 
withstanding the  hea^y  taxes. 
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Notices. 


CIIAIRAIANSTHP  OF  COUNCIL, 

On  Monday,  nth  inst.,  at  their  first  incetinc];- 
after  the  annual  election,  the  Council  elected 
Sir  John  Wolfe-Barry,  K.C.B.,  F.R.S.,  as 
Chairman  for  the  ensuinj^T  year. 

Sir  Westby  Perceval,  K.C.M.G.,  and  Mr. 
Alexander  Siemens  were  elected  to  fill  vacancies 
on  the  Council,  caused  by  the  non-acceptance 
of  office  on  the  part  of  Earl  Grey  and  Sir 
George  Chubb. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

THE  THERMO-CHEMISTRY  OF  THE 
BESSEMER  PROCESS. 

By  Prof.  Noel  Hartley,  F.R.S. 

I.ecture  II. — Delivered  Alarch  21,  1898. 

It  is,  I feel  sure,  with  much  regret  that  you 
have  learned  that  the  great  inventor  of  the  pro- 
cess which  forms  the  subject  of  this  course  of 
lectures,  has  passed  away  from  amongst  us 
since  our  last  meeting  a week  ago.  Sir  Henry 
Bessemer  has  been  a great  personality,  and  it 
is  with  a sense  of  gratification  that  we  become 
aware  not  only  of  the  honours  which  have  been 
conferred  upon  him,  but  of  the  pecuniary 
reward  which  he  received,  such  as  not  often 
falls  to  the  lot  of  inventors,  whatever  may  be 
their  ability  and  the  merits  of  their  inventions. 
In  the  course  of  twenty  minutes  it  has  been 
said  that  he  converted  material  at  the  time 
worth  about  ^80,  into  that  which  was  valued 
at  that  his  genius  produced  a metal 

which  made  the  building  of  the  Forth  Bridge 
not  only  a possibility,  but  an  actual  fact ; 
furthermore,  he  gave  the  railroads  of  the  j 
world,  steel  instead  of  wrought  iron  for  their  ' 
rails.  The  reward  to  himself  and  family,  as 
he  modestly  expressed  it,  consisted  in  re- 
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ceiving  more  than  1,600,000  of  those  beautiful 
little  medals  which  her  Majesty  issues  from 
the  Royal  Mint. 

Let  me  now  draw  attention  to  the  curves 
(Fig.  10,  p.  722)  showing  the  course  of  chemical 
change  in  tin*  'riiomas-Gilchrist  “ basic  ” pro- 
cess, as  carried  out  at  Longwy  in  the  Meurthe 
and  Moselle  district.*  'I'he  metal  contains  car- 
bon 2-8  per  cent.,  phosphorus  2*06,  manganese 
I ‘5,  silicon  0-63,  and  sulphur  0’048.  d'he  lime 
added  to  the  charge  is  i7‘5  per  cent.,  and  the 
final  additif>n  is  0-5  per  cent,  of  ferroman- 
ganese, containing  63  per  cent,  of  manganese. 

The  first  point  to  be  noted  is  that  from  the 
commencement  of  the  blow  until  the  drop  of 
the  fiame  is  eleven-and-a-quarter  minutes ; 
secondly,  that  the  entire  quantity  of  silicon, 
which  is  small  in  amount,  is  removed  in  two- 
and-one-fifth  minutes.  Note,  that  during"  this 
time  the  curves  show  the  manganese  is  being 
oxidised  at  the  same  rate  as  the  silicon,  to 
form  manganese  silicate.  Remark,  also,  that 
the  carbon  is  being  oxidised  at  the  same  rate, 
down  to  the  close  of  the  first  three  minutes. 
These  facts  are  indications  that  the  compounds 
manganese  silicide  and  manganese  carbide 
arc  the  substances  under  oxidation.  From  the 
third  to  the  fifth  minute  the  manganese  and 
carbon  go  together,  but  that  subsequently 
the  carbon  is  oxidised  with  much  greater 
rapidity  between  the  fifth  and  ninth  minutes, 
the  curve  making  a very  steep  descent.  As 
long  as  carbon  and  manganese  are  present  the 
phosphorus  undergoes  very  little  change,  so 
that  up  to  eleven-and-a-quarter  minutes  it  has 
decreased  only  by  one-half.  But  now  the 
“after-blow”  commences,  and  the  removal  of 
the  phosphorus  proceeds  at  a rate  more  than  five 
times  as  rapid,  until  it  is  nearly  all  removed.  The 
compound  present  you  will  recollect  is  ferrous- 
phosphide.  Note,  that  the  sulphur  remains 
nearly  the  same  all  through,  being  represented 
by  what  is  almost  a horizontal  straight  line, 
the  per-centage  varying  from  O’oqS  to  0*047. 
The  compound  is  ferrous  sulphide.  On  the 
addition  of  ferro-manganese  there  is  a rise  of 
manganese  visible  as  a matter  of  course  to 
o"25  per  cent.,  and  a slight  increase  in  carbon. 
As  0"7i  per  cent  of  carbon  burns  along  with 
0"9  per  cent,  of  manganese,  these  numbers 
indicate  the  compound  iMnC..  And  as  o*6  per 
cent,  manganese  burns  at  the  same  time  as 
o"525  per  cent,  of  silicon,  a silicate  of  the 
formula  MnOzSiO-  would  be  the  most  probable 
product,  which  by  the  action  of  the  lime  would 
become  more  basic.  The  course  of  change  is 

*■  Emm  tlu'  “Journal  of  the  Iron  ami  Stivl  Institute.’' 
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accounted  for  later  by  a reference  to  thermo- 
chemical equations. 

The  ditferent  periods  of  the  blow  ” and  the 
visible  effect  in  each  period  is  best  described 
to  you  by  a series  of  photographs  taken  by 
Mr.  Ramage  and  myself  at  the  North  Eastern 
Steel  Company’s  Works  at  Middlesborough. 
(See  Figs,  ii,  12,  13,  14.)  There  are  four  con- 
verters, each  charge  being  12  tons  of  metal  and 
2 tons  of  lime.  In  Fig.  ii,  a stream  of  molten 
metal  is  seen  passing  from  the  gallery  above 


other  photographs  were  thrown  on  the  screen, 
one  showing  the  ‘‘boil  ” further  advanced,  the 
flame  being  thin  and  less  copious,  and  the 
other  at  a still  further  stage  when  it  had 
diminished  in  size,  and  an  out-burst  of  slag 
and  a shower  of  falling  sparks  was  shown.] 
Fig.  13  shows  the  over-blow  with  the  flame 
burning  not  outside,  but  within  the  vessel,  and 
a vast  cloud  of  fume  arising  beyond  the 
apex.  [Another  photograph  was  shown  with 
the  over-blow  still  further  advanced  after 


Fig.  10. 


Phosphorus Manganese Carbon 

Silicon Sulphur 


into  the  mouth  of  the  vessel  which  is  turned 
down  so  that  its  hollow  axis  is  horizontal.  At 
the  further  end  of  the  building  steam  is  rising 
from  some  operation  not  connected  with  the 
“blow,”  and  to  the  right  of  the  steam  is 
the  flame  from  the  mouth  of  the  converter.  In 
Fig.  12  to  the  left  is  seen  the  flame  of  spiegel- 
cisen,  which  has  just  been  added  to  a finished 
charge,  and  beyond  is  the  long  flame  of  a 
charge  in  the  period  called  the  “ boil.”  Fume 
is  seen  rising  from  the  top  of  the  flame.  [Two 


the  metal  had  been  tested  for  phosphorus, 
and  the  blow  resumed.]  Fig.  14  shows 
the  flame  when  the  vessel  is  being  turned 
down  at  the  finish.  You  will  understand  the 
copious  fume  is  caused  by  the  burning  of  the 
metal,  in  the  ordinary  “acid”  this  burning 
does  not  take  place  to  the  same  extent. 

In  1888  I worked  out  a number  of  thermo- 
chemical equations  from  the  then  existing 
data,  which  explained  various  metallurgical 
operations  employed  in  the  reduction  of  metals 
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from  their  ores,  solely  for  my  own  information. 
In  1890  several  of  these  were  communicated  to 
the  Royal  Dublin  Society  in  a paper,  entitled, 
“A  Study  in  Thermo-Chemistry,”  which  is 
published  in  the  “Scientific  Proceeding’s  of 
the  Society”  for  189*1.  Some  alterations  have 
been  made  in  the  data  published  since  that 
time,  which  refer  to  the  same  chemical  changes, 
but  considering  the  number  of  years  during 
which  thermo-chemistry  has  been  investigated 
by  Faure  and  Silbermann,  Andrews,  Berthelot, 
and  Julius  Thomsen,  I think  the  principles  of 
the  subject  have  received  scarcely  adequate 
attention.  This  may  be  partly  owing  to  the  too 
restricted  view  which  prevails  at  present, 
namely,  that  chemistry  deals  with  changes 
and  interchanges  of  materials  or  matter,  while 
the  physical  conditions  of  matter  and  the 
energy  associated  with  the  atoms  are  either 
ignored  or  referred  to  in  vague  terms,  such  as 
chemical  affinity  and  chemical  energy,  but 
not  by  the  thermal  constants  (numerical  values) 
which  in  a large  number  of  cases  have  been 
determined.  These  constants  can  be  very 
profitably  employed  in  explaining  not  only 
ordinary  reactions  but  also  many  which  are 
obscure. 

Explanation  of  the  Terms  Used. 

As  a rule  there  is  associated  with  the  atoms 
or  the  elements  a certain  amount  of  energy 
which  may  be  measured  in  terms  of  heat. 

When  one  substance  A combines  with 
another  B to  form  a third  substance  C,  there  is 
a certain  amount  of  energy  lost  or  gained.* 
This  may  be  referred  to  as  heat  disturbance, 
since  energy  can  be  measured  in  terms  of  heat. 
The  change  may  be  put  in  the  form  of  an 
equation — 

A -}-  B = C heat-units. 

Now,  it  must  be  understood  that  when  A and 


B combine,  as,  for  instance,  when  carbon 
combines  with  oxygen,  they  do  not  form  A B, 
because  the  energy  associated  with  A and  B is 
not  the  exact  quantity  associated  with  the 
third  substance  C.  d his  latter  C differs  from 
A -f-  B by  + q heat-units.  In  other  words 
to  be  more  explicit,  in  soda  there  is,  strictly 
speaking,  no  sodium,  in  water  there  is  neither 
hydrogen  nor  oxygen,  in  carbon  monoxide 
there  is  neither  carbon  nor  oxyg’en.  The 
representation  in  the  ordinary  equations  here 
following,  deals  only  with  the  quantity  of 
matter  in  the  atoms,  and  not  with  the  energy 
associated  with  them  : — 

C -f  (J  =;  CO  and  2C  -f-  O,  = 2CO 
or  C Oz  =■  CO-. 

The  expression  is  in  each  case  somewhat 
incomplete,  because  in  the  act  of  union  some 
of  the  energy  associated  with  these  atoms  is 
dissipated,  and  before  they  can  be  again 
separated,  it  must  be  supplied  to  the  material 
out  of  which  they  are  to  be  evolved.  Thermo- 
chemical equations  are  most  conveniently 
expressed  in  gramme  atoms  and  kilogramme 
heat-units.  The  French  writers  use  the  term 
calorie  for  a heat-unit,  and  a kilogramme  heat- 
unit  would  appear  as  a large  calorie. 

A gramme  atom  is  an  atomic  weight  ex- 
pressed in  grammes.  A heat-unit,  used  in  this 
connection,  is  the  quantity  of  heat  required  to 
raise  i kilogramme  of  water  1°  C.  The  energy 
associated  with  a gramme  atom  is  stated  in 
kilogramme  heat-units.  Thus  a gramme  atom 
of  carbon  is  represented  by  C,  of  hydrogen  by 
H,  and  of  Oxygen  by  O,  or  12  grammes, 

I gramme,  and  16  grammes  respectively.  The 
combination  of  carbon  with  oxygen  to  form 
carbon  dioxide,  is  stated  in  the  following,  the 
physical  state  of  the  carbon  being  written  after 
the  symbol  : — f 


C (diamond)  4-02  = CO2  (gas)  4*  94*3  kilo,  heat-units. 

C (graphite)  -{-  O2  = CO2  (gas)  94-8  ,,  ,, 

C (amorphous)  -f-  O2  = CO>  (gas)  -j-  97'^  >>  >> 

C (diamond)  4-  O =:  CO  (gas)  -f  26-1  heat-units. 

C (amorphous)  -j-  O CO  (gas)  4~  29*4  ,, 

CO  (gas)  4-  O = CO2  (gas)  4>  68*2  heat-units. 

CO  ,,  O = CO2  (at  or  towards  3,000®  C.)  37*0  ,, 

CO  ,,  O = CO2  (at  or  towards  4,500°  C.)  28*0  ,, 

H-j  -f  O H2O  (gaseous)  4"  heat-units. 

H-2  4”  O — B’iO  ,,  towards  2,000®  C.  -|-  50-6  ,, 

H2  -|-  O = H2O  ,,  towards  4,000°  C.  37-0  ,, 


• For  information  on  this  subject,  see  “ Ostwald’s  Chemistry,”  translated  by  Dr.  "Walker;  “ Thormo-Chemistr\ , 
by  Pattison  Muir ; ” Chimie  Elementaire,”  by  A.  Ditte;  also  Richter’s  ” Chemistry,”  translated  by  Smith  ; and  Etudes 
sur  les  Metaux,”  by  A.  Ditte.  + Herthelot.  ” Lois  ct  Donnoes,”  1807. 
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Twelve  grammes  weight  of  diamond  combine 
with  32  grammes  of  oxygen  to  form  44 
grammes  of  carbon  dioxide,  with  an  evolution 
of  heat  sufficient  to  raise  94'3  kilogrammes  of 
water  from  zero  to  1°  C. 

The  physical  state  of  the  reacting  substances 
must  be  taken  into  account,  and  likewise  the 
physical  state,  whether  solid,  liquid,  or  gaseous 
of  the  products.  This  is  generally  stated  by  a 
w^ord  within  brackets,  as  in  the  examples 
quoted. 

A reaction  in  which  energy  is  convertible 
into  and  manifested  by  evolution  of  heat  is 
termed  exothermic  ; a reaction  in  wTich  energy 
is  absorbed,  this  energy  being  measurable  in 
terms  of  heat,  is  called  endothermic. 

In  the  former  the  compound  formed  differs 
from  its  constituent  atoms  by  something  less 
than  the  energy  associated  with  them.  In  the 
latter  case  the  compound  differs  by  containing 
more  energy  than  its  constituents.  But  in  the 
former  reaction  the  heat  disturbance  is  positive, 
and  is  denoted  by  a plus  sign  (-f-) ; in  the 


latter  it  is  a negative  quantity,  and  is  indicated 
by  a minus  sign  ( — ).  In  the  formation  of  the 
compound  this  energy  is  external  to  the  system, 
and  must  be  supplied  to  it.  The  external 
energy  must  be  added  to  that  of  the  con- 
stituents of  the  compound. 

For  example,  when  hydrogen  combines  with 
oxygen  to  form  water,  much  heat  is  evolved, 
the  amount  of  which  has  been  exactly  ascer- 
tained, and  this  is  explained  by  the  following 
equation  : — ■ 

Ho  -f-  O =:  HoO  (gaseous)  -f-  58*2  kilogr.  heat-units. 

But  when  oxygen  combines  with  oxygen  to 
form  ozone  there  is  much  energy  absorbed, 
thus : — • 

O2  -f-  O = O3  ( — 30  heat-units). 

The  energy  of  O2  or  32  parts  plus  that  of  O or 
16  parts  is  insufficient  to  produce  the  energy 
of  O3  by  an  amount  measured  by  3okilogramme 
heat-units.  This  must  be  supplied  by  some 
means  or  other,  or  the  substance  ozone  will  not 
be  formed. 


Heat  of  Formation  of  Compounds. 

(Berthelot.  “ Lois  et  Donnees,”  1897,  vol.  ii.) 


Heat-  units. 

SiOo 

+ 

179-6 

MnsC 

-1- 

9-9 

MnO  (anhydrous) 

-f 

90-9 

Mii304  (anhydrous) 

4-  328-0 

3 MnO  4-  0 (MnsOi) 

-f 

55-2 

MnO  4-  0 (Mn02) 

-f 

34-2 

Mn30i  4-  0 (3  M11O2) 

-f 

48-0 

M113  (precipitated) 

+ 

45-6 

CaS  (solid) 

-f- 

90-8 

CaO  (anhydrous) 

4- 131-5 

Ca3P20s 

4-  913-6 

CaSi03  (calcined) 

-f  344'4 

FeO  (anhydrous) 

+ 

65-7 

FesOi  (anhi^drous) 

-f 

270-7 

FeSiOs  (calcined) 

4-  254-6 

Si02  4~  CeO  (anhydrous)4- 

9-3 

FeS  (hydrated) 

24-0 

SO2  (gas) 

-f 

69*2 

Thermo-chemical  Equations.  I. — Simple  Co^nhinaiions. 

3 Mil  -j-  C M113C.  [-}-  9'9  heat-units]. 

MnaC  -f-  3 O2  = MiisOi  -f-  CO2  [-1-  412-4  heat-units]. 

SiOo  MnO  (anhydrous)  = MnSiOs  [-{-  5*4  heat-units]. 

2Fe  4-  3O  zn  Fe203  (anhydrous)  400°  C.  [-{-  197-7  heat-units]  or  65-9  X 3 

zFe -]- 3O  = Fe203  (anlg-drous)  1,000°  C.[-|-  195-C heat-units]  or  65-2  X 3 

FeoOs  at  400°  changed  to  Fe203  at  1,000°  [-{-  2-1  heat-units]. 

Si  (amorphous)  -}~  O2  =z  Si  O2  [-}-  I79’*^  heat-units]. 

Si  (crystals)  O2  =z  S1O2  [-f-  184-5  heat-units]. 

SiOo  (crystallised)  -|-  CaO  rz  CaSi02  [-|-  33’ i heat-units]. 


In  writing  thermo-chemical  calculations  it 
is  necessary  to  know  the  heat  of  formation  of 
the  compounds  dealt  with,  and  many  of  those 
numbers  which  may  have  to  be  quoted  are 
given  in  the  accompanying  Table. 

In  working  out  equations,  these  figures  are 
used  in  the  following  manner  : — • 

A.  Simple  combinations.  Oxidation, 

Fe  O = FeO  (anhydrous)  [-}-  65-7  heat-units] 

3Fe  4O  zz  FeijO  i (anhydrous)  270-7  heat-units] 


In  both  these  cases  heat  is  evolved,  and  this  is 
denoted  by  the  sign  + of  an  exothermic  action. 

B.  Reduction. 

FC3O4  (anhydrous)  4 CO  (gas)  zz  3 Fe  -|-  4 CO2 
-j-  270-7  4 X 68-2 

— [ -270-7  4-  4 X 68-2] 

— 4-2-1  heat-units. 

In  this  equation  we  have  heat  absorbed  in  the 
reduction  of  Fc304  to  3 Fe,  and  heat  evolved 
by  the  conversion  of  CO  into  CO2.  The  total 
effect  4-  2-1  is  obtained  by  substraction  of 
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2‘jO‘’j  on  one  side  of  the  equation,  from  272*8 
(68*2  X 4)  on  the  other. 

272-8  - 270-7  m -j-  heat-units. 

The  sign  -f  denotes  that  the  action  is  exo- 
thermic. 

At  high  temperatures,  as  for  instance  towards 
3,000°  C.,  carbon  monoxide  evolves  much  less 
heat  in  burning  to  carbon  dioxide,  namely, 
-|-37’0  instead  of  -j-68-2  heat-units,  so  that 
this  reducing  action  may  not  take  place,  d'his 
is  explained  by  the  following  equation  : — 

Fes04  -f~  CO  3 FeO  -j-  Ctt^  (towards  3,000°  C.) 
-f  270-7  + 65-7  X 3 + 37-0 

= [_  270-7 -f  234-1] 
m - 36-6  heat-units. 

This  action  is  endothermic,  as  indicated  by 
the  — sign. 

For  the  sake  of  simplicity,  where  the  words 
“heat-units”  are  emitted,  they  must  be  under- 
stood in  this  discourse  to  be  kilogramme  heat- 
units. 

The  Conditions  under  which  Chemical 
Change  takes  place  in  Metallurgical 
Operations. 

All  chemical  reactions  take  place  only  with- 
in certain  limits  of  temperature.  At  low  tem- 
peratures chemical  combinations  cannot  take 
place,  even  the  most  energetic  actions,  as  de- 
monstrated recently  by  Professor  Dew'ar  ; at 
very  high  temperatures  most  chemical  combina- 
tions cannot  exist.  There  are,  how^ever,  some 
chemical  compounds  which  are  formed  only  at 
very  high  temperatures.  Cyanogen,  acetylene, 
and  ferrous  carbide  are  examples  of  such  endo- 
thermic combinations.  The  only  elements 
having  apparently  no  energy  associated  with 
their  atoms,  so  far  as  we  have  been  able  to 
discover,  are  argon  and  helium  ; if  they  form 
any  combinations  at  all  with  other  elements, 
these  must  be  substances  of  an  endothermic 
character.  Prof.  Julius  Thomsen  and  Prof. 
Ramsay  have  examined  two  minerals  which 
are  endothermic  ; when  gently  heated  they 
glow  red-hot,  and  at  the  same  time  evolve 
helium. 

Smelting  operations  are  conducted  either  in 
reverberatory  furnaces  or  some  form  of  blast 
furnace.  The  fuel  is  first  burnt  to  carbon 
dioxide  (CO2),  and  this  gas  is  converted  into 
carbon  monoxide  (CO)  by  contact  with  more 
red-hot  fuel. 

In  either  case  the  following  functions  are 
performed  : — 


{a).  Initiation  of  the  reducing  process  by 
heating  the  ore,  that  is,  by  raising 
it  to  a suitable  temperature. 

(/>»).  Reduction  of  the  ore  by  carbon  mon- 
oxide gas  (CO). 

{c).  In  certain  cases,  in  which  the  reducing 
process  consists  of  feebly  exothermic 
reactions,  to  maintain  the  reducing 
process  by  the  continuous  supply  of 
extraneous  heat. 

Now’  in  the  Bessemer  process  there  are  both 
oxidations  and  reductions,  (i.)  Oxidation  of 
the  non-metallic  elements  purposely  carried 
out,  or  of  compounds  (T  iron  with  non-metallic 
elements.  (2.)  Oxidation  of  iron  incidental  to 
the  process  of  oxidising  its  compounds.  (3.) 
Reduction  of  oxidised  metallic  products. 

The  reductions  may  be  similar  to  those 
accomplished  in  furnace  operations,  namely  : 
(i.)  Reduction  accomplished  by  means  of 
furnace  gases.  (2.)  Reduction  by  carbon.  (3.) 
Reduction  by  another  metal  ; in  steel  manu- 
facture this  metal  is  manganese  or  one  of  its 
compounds  as  manganese  carbide. 

Furnace  gases,  which  operate  in  reducing 
processes,  consist  chiefly  of  carbon  monoxide 
(CO),  and  some  hydrogen.  The  production  of 
the  so-called  “water  gas,”  which  is  of  this 
nature,  can  take  place  only  at  high  tempera- 
tures, because  it  involves  a loss  of  heat — ■ 

C + IL.O  = CO  -f  II2  [29-4  - 58-2]. 

This  action  is  endothermic  in  a high  degree. 
'I'he  heat  evolved  by  the  formation  of  water 
amounts  to  58-2  units,  and  that  of  carbon 
monoxide  to  only  29*4  units,  so  it  follows  that 
to  bring  about  the  oxidation  of  carbon  by  the 
deoxidation  of  water,  28’8  heat-units  must  be 
continuously  supplied  to  the  two  substances. 
In  other  words,  to  oxidise  carbon  by  means  of 
w-ater,  a very  high  temperature  is  one  of  the 
conditions  necessary  before  the  process  can  be 
initiated,  and  this  high  temperature  must  be 
maintained,  or  the  production  of  water-gas 
will  cease.  It  will  thus  appear  {a)  that  the 
economical  production  of  water-gas  cannot 
have  been  otherwise  than  illusory  ; (/;)  that 
when  Bessemer  employed  steam  instead  of  air 
the  process  was  a failure,  because  the  metal 
cooled  and  solidified.  The  reducing  action  of 
carbon  monoxide  will  be  seen  by  equations  i 
and  3 to  be  superior  to  that  of  hydrogen  by 
I lO’O  heat-units,  inasmuch  as  the  former,  at 
ordinary  furnace  temperatures,  evolves  68-2 
I heat-units  for  every  atom  of  oxygen  removed 
I from  an  oxide,  while  the  latter  evolves  58*2 
! heat-units,  there  is  therefore  a gain  of  10  units 
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by  using  carbon  monoxide.  Consequently,  it 
is  necessary  to  consider  the  action  of  carbon 
monoxide  and  of  carbon  in  smelting  processes, 
but  not  necessarily  that  of  hydrogen. 

All  those  metallic  oxides  the  heat  of  forma- 
tion of  which  is  less  than  69  heat-units  are 
capable  of  reduction  in  a reverberatory  furnace, 
and  therefore  by  carbon  or  by  carbonic  oxide 
in  a Bessemer  vessel,  should  they  be  contained 
in  the  crude  metal.  These  reactions  of  carbon, 
oxygen,  and  water  are  of  fundamental  import- 
ance in  dealing  with  the  Bessemer  process.* 

• ° 
Besides  the  investigations  of  Professor  Aker- 

mann.  Professor  Jordan,  Kupelwieser,  Snelus, 
and  others,  extensive  work  on  the  subject  has 
been  published  by  Sir  Isaac  Lowthian  Bell, 
chiefly  in  relation  to  the  thermo-chemistry  of 
the  blast  furnace  (“Manufacture  of  Iron  and 
Steel  ”).  M.  Pourcel  has  more  recently  drawn 
attention  to  the  subject,!  and  Professor 
Ledebur  points  out  the  importance  of  the 
questions  which  may  be  referred  to  thermo- 
chemistry.j;  The  latter  is  of  opinion  that 
before  accuracy  can  be  attained  in  the  calcula- 
tions it  is  necessary  that  we  should  determine 
definitely,  first,  in  what  state  of  combina- 
tion the  various  substances  exist  which  occur 
in  a bath  of  molten  metal ; secondly,  what 
are  the  real  products  of  combustion  of  such 
impurities. 

In  1895,  I had  the  honour  to  contribute  a 
paper  to  the  “ Philosophical  Transactions  of 
the  Royal  Society,”  and  also  to  the  “Journal 
of  the  Iron  and  Steel  Institute,”  on  the 
thermo-chemistry  of  the  Bessemer  process, 
dealing,  however,  chiefly  with  the  temperature 
of  the  metal,  the  flame,  and  the  heat  evolved. 
A series  of  calculations  was  made  which,  on 
consideration,  have  been  modified  by  accepting 
fresh  data,  but  these  later  calculations  have 
been  in  some  measure  anticipated  by  Professor 
Ponthiere.  As  a basis  of  his  calculations  he 
assumes  that  the  metal  he  is  dealing  with  is  a 
white  cast-iron  suitable  for  treatment  by  the 
basic  Bessemer  process,  and  that  it  has  the 
following  composition  : — Si  i*o  per  cent.,  Mn 
1*5  per  cent.,  C 3*5  per  cent.,  P 1*4  per  cent., 
S o-oi  per  cent.,  and  Fe  92-59  per  cent. 

In  the  substance  termed  iron  we  have  a 
very  complex  mixture  ; manganese  is  com- 
bined with  silicon,  carbon,  phosphorus,  and 
sulphur  entirely,  none  of  it  existing  in  the 


* “Chemistry  Applied  to  the  Arts  and  Manufactures.” 
Edited  by  C.  W.  Vincent.  Mackenzie,  Glasgow, 
t “Jour.  Iron  and  Steel  Inst.,”  vol.  1889,  p.  152. 
t “ Stahl  und  Eisen,”  vol.  ix.  pp.  712-717. 


free  metallic  state.  In  other  words  we  have, 
as  a rule,  no  metallic  manganese  alloyed  with 
the  iron. 

The  reason  for  assuming  this  as  fact  is  based 
on  the  stability  of  the  compounds  at  high  tem- 
perature, owing  the  great  heat  of  formation  of 
manganese  compounds  into  which  the  above- 
named  elements  enter.* 

Troost  and  Hautefeuille  made  a calorimetric 
investigation  of  pig  iron,  which  led  to  the 
following  results!  : — 

Ferrous  Carbide. 

Gramme.  Heat-units. 

I of  iron  chloridised  evolves 0-827 

I of  iron  in  1-040  gr.  of  grey  pig. . . . 0-879 

I of  iron  in  1-041  gr.  of  white  pig  . . 0-896 

The  grey  and  the  white  pig  irons  contain  3-8 
and  3-9  per  cent,  of  carbon  respectively. 

The  above  figures  show  that  the  formation  of 
ferrous  carbides  takes  place  with  heat  absorp- 
tion, and  it  is  well  known  that  ferrous  carbide 
in  cast  iron  decomposes  when  the  metal  is 
cooled  gradually,  which  is  quite  in  accordance 
with  its  being  an  endothermic  compound 
formed  only  at  a high  temperature.  The  fact 
that  the  same  molten  metal  will  produce  grey 
pig  iron  when  cooled  slowly,  by  dissociation 
of  the  carbon  and  the  iron,  and  white  pig  iron 
when  cooled  rapidly,  in  which  the  carbon  is 
present  as  a ferrous  carbide,  because  it  has 
not  had  time  to  dissociate,  is  readily  under- 
stood upon  studying  the  above  statement. 

Manganese  Carbide. 

Gramme.  Heat-units. 

I of  manganese  carbide  containing 

4.8  per  cent,  of  carbon  evolves ....  i - 1 80 
I of  manganese  carbide  containing 

5- 8  per  cent,  of  carbon  evolves ....  i-olo 
I of  manganese  carbide  containing 

6- 7  per  cent,  of  carbon  evolves ....  0-260 

Hence  the  formation  of  manganese  carbide 
takes  place  with  heat  evolution.  The  carbide 
with  the  formula  MnsC  has  very  great  stability. 

Ferrous  Silicide. 

Silicon.  Carbon.  Heat-- 

Per  cent.  Per  cent.  units. 

Ferrous  silicide  with  3-5  and  0-6  evolves  0-970 

5>  >•  >>  7‘®  j>  ®'4  j’ 

„ „ „ 12*0  „ 0-4  „ 1-185 

„ „ „ H‘0  „ 0-4  „ 1-270 


* “Annales  de  Chimie  et  de Physique,”  5th  series,  vol.  ix., 
1876.  Troost  and  Hautefeuille. 

t “Etudes  sur  les  Metaux,”  par  A.  Ditte,  vol.  i.  pp.  143- 
48,  1801. 
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Fig.  14. — Converter  being  Turned  Down  at  the  Finish, 


July  15.  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


727 


Heat  evolved  by  the 
Ferrous  Silicide. 

Heat  evolved  by  the 
separate  Elements 

Difference. 

Units. 

Units. 

Units. 

0-970 

0-970 

0-000 

1-050 

I-I25 

0-075 

1-185 

1-395 

o-i  10 

1-270 

1-425 

o-‘55 

The  formation  of  iron  silicidc  takes  place 
therefore  with  heat  absorption. 


Of  the  known  carbides  of  man^an^*  •* 
Mn;jC,  MnC,i  and  Mn/T,  that  which  is  ■ *m- 
bined  with  the  lar^^est  j>ro|>ortion  of  carb  a, 
namely,  Mn(T  is  the  one  assumed  tu  be  pre^-nt, 
together  with  the  known  com[joiinds  Mn-,  1.. 
MnS,  and  Mrv.lb.  It  must  not  b<-  :»vi-rl-  =k:  I 
that  MiVjC  may  be  a imjnr  stable  . ;imp<-  1 
than  MnCh,  at  hi^^h  temi)eratur**s,  such  a th-it 
of  melted  cast  iron. 

The  ferrous  compounds  are  probably  th  >-  • 
containing  the  largest  proportion  o-f  m * il,  as 


Manganese  Silicide. 


Gramme*. 


I ^Manganese  silicidc  with 

>)  M M 


.Silicon. 
IVr  cent. 
8 


12 


and 


Carbon. 
Per  cent. 
I 
I 


Units  of  tleat 
evolved. 

I -.330 


Hi-at  evolve<l  by 

separate  Klemcnts.  r r e. 

Unit^. 


2-  Ukj 

2’28f) 


0830 
I -03.  ^ 


The  formation  of  manganese  silicidc  takes  i 
place  with  the  evolution  of  a considerable 
quantity  of  heat,  and  the  compound  formed 
is  very  stable. 

To  sum  up,  iron  carbides  and  silicides  are  1 
endothermic,  and  at  low  temperatures  un-  j 
stable.  Manganese  carbide  and  silicide,  on  1 
the  other  hand,  are  strongly  exothermic,  and 
consequently  very  stable  compounds.  Both  1 
iron  and  manganese  phosphides  are  very 
stable,  as  they  evolve  a large  amount  of  heat 
in  their  formation,  and  are  therefore  strongly 
exothermic  substances.  ‘ 

But  there  is  another  fact  of  great  significance  ; 
which  supports  this  view',  namely,  that  man-  j 
ganese  and  carbon  oxidise  together  during  the 
blow,  and  so  do  manganese  and  silicon,  i 
especially  during  the  slag-forming  period,  but  | 
the  carbon  oxidises  more  rapidly  during  the  1 
boil.  This  is  seen  in  the  curves  of  the  acid 
“blow”  drawn  from  analyses  quoted  by 
Brunner,  the  manganese  being  3 to  6 per 
cent.  Also  m the  curves  of  the  basic  “ blow  ” 
carried  out  at  Longwy.  Such  regularity  in 
oxidation  could  scarcely  take  place  if  the  man- 
ganese, carbon,  and  silicon  were  in  the  free 
state. 

It  has  been  shown  by  Sir  Frederick  Abel 
and  Mr.  Deering  that  a perfectly  definite 
carbide  exists  in  steel  with  the  composition 
Fe;jC ; this  has  been  recognised  by  MM. 
Osmond  and  Werth.  More  recently  M. 
Moissan  has  obtained  a definite  ferrous  car-  | 
bide  FeaC  and  manganese  carbide  MnsC.* 

A ferrous  silicide  Fe^Si  which  he  discovered 
contains  from  18  per  cent,  to  20  per  cent,  of 
silicon. 


iron  is  in  excess.  'I'hese  compounds  an*  hV.®  ', 
FeSi,  Fc;j  P,  and  Fe  S.  Towards  thi  t -.n- 
clusion  in  the  case  of  i^'eSi,  we  have  a fa«  t t=* 
support  it  in  the  analysis  of  a slag  from  th*  = 
North  Chicago  Steel  Works,  containing  MnO 
2*68,  FeO  46-20,  and  S\0,  40-30  per  c*-nt. 
This  gives  us  a formula  FeSiO.uMnSK).;.  I 
have  calculated  this  formula  from  the  numbers 
given  in  the  paper  by  Mr.  H.  M.  How-e,  A..M., 
S.B.,  of  Boston,  U.S.A.* 

Assuming  that  two-thirds  of  the  manganese 
is  combined  with  carbon  and  one-third  with 
silicon,  in  accordance  with  the  difference  in  th  • 
heat  of  formation  of  these  substances  we  havt\ 
according  to  the  assumption  of  Prof.  Ponthiere, 
the  metal  constituted  as  follow-s  : — • 

CoN.STITUTIO.\  OF  PlO  IRON  OR  Rl.\ST 
Furnace  Metal. 


Per  cent. 

Per  cent. 

Manganese  Carbide. . 

MnCi 

1 Mn  1-00  ( 
» C 0-40  t 

1-40 

Manganese  Silicide.. 

Mil;  Si-. 

1 Mn  0-50  ( 
1 Si  0-14  » 

o-(<4 

Manganese  Phosphide 

Mn;,P. 

tr.KC'. 

Manganese  .Sulphide. 

MnS 

trace-. 

Ferrous  Carbide  .... 

FeaC 

1 Fe  43-40  1 
)C  3-101 

40-5 

Ferrous  .Silicide  .... 

FeSi 

1 Fe  1-72  I 
» Si  0-8O  t 

2-5S 

Ferrous  Phosphide  . . 

Fc:,P 

» Fe  7-5vS  , 
» P 1-40  1 

8-.i> 

Ferrous  .Sulphide. . . . 

FeS 

trace-. 

ISIetallic  Iron  

Fe 

3' CO 

Total 

100-00 

Iron  evolves  but  little  heat  when  combining 
with  silicon,  carbon,  and  sulphur,  and  in  fact, 
when  allowed  to  cool  slowly,  silicon  and  carbon 
separate  from  the  iron  by  dissociation,  while 


“ Le  Four  Elcctrique,”  1897,  Paris. 


I 


“ Jour.  Iron  ami  Stool  Inst.,"’  i8»)o,  No.  2. 
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rapid  cooling  prevents  dissociation.  But  as  [ 
the  combination  of  iron  with  phosphorus  j 
approaches  in  thermal  value  that  of  man- 
ganese, the  phosphorus  of  the  metal  is  divided 
between  the  manganese  and  iron  approxi- 
mately in  proportion  to  their  masses.  In  such  j 
a case  as  this  with  Mn  1-5  per  cent,  and 
Fe  92*59  per  cent.,  the  phosphorus  is  present 
almost  entirely  as  the  ferrous  phosphide,  PFes,  j 
while  the  excess  of  silicon,  carbon,  and  sulphur  i 
beyond  that  which  is  combined  with  the  man-  j 
ganese  is  united  to  the  iron.* 

There  are  some  fundamental  facts  which 
may  be  made  clear  by  thermo-chemical  equa- 
tions. 

[a)  Manganese  can  act  as  a reducing  agent 
to  compounds  of  iron  with  oxygen  and  sulphur, 
because  its  action  will  result  in  an  evolution  of 
heat. 


Thus 

h eaOi  (-j-  270*7)  3 Mn  =:  M113O4  (-)-  328*0)  3 F 

— + 328*0  - 270*7 

— 5 7 "3  heat-units. 

FeO  (-}-  65*7)  -I-  Mn  = MnO  (-|-  90*7)  -f  Fe 
= 90*7  - 65*7 
r=  -j-  35*2  heat-units. 

FeS  (+  24*0)  -f  Mn  = ^tnS  {+  45*6)  + Fe 
==  45-h  - 24-0 

r=  21*6  heat-units. 

It  may  also  act  upon  ferrous  silicates. 

FeSiOs  (4-  254*6)  -f  Mn  =:  MnSiO;!  (+  275*9)  -f  F 
= 275*0  - 254*6 

— 2 1 heat-units. 

(d)  The  effect  of  mass  on  chemical  change  i 
sometimes  to  cause  a chemical  reaction  to 
reversed. 


The  Effect  of  the  “ Blow  ” on  Ferrous  Sulphide. 

With  excess  of  oxygen  : — 

6 FeS  (6  X 24)  -f-  10  Oo  = 2 FeaOi  (2  X 270*7)  -f  6 SO2  (6  X 69*3) 
= (-f  957*2  - 144) 

— -j-  813*2  heat-units. 

With  excess  of  iron  : — 

6 SO2  (6  X 69*3)  -f  6 Fe  9 Fe  =;  6 FeS  (6  X 24)  3 Fe:}04  (3  X 270-7) 

= (+  1556-1  - 415-8) 

r=  1140-3  heat-units. 


The  total  effect  of  the  two  actions  represented 
by  this  equation  is — • 

With  Fe  in  excess.  With  O in  excess.  Final  action. 

4-1140*3  -813*2  + 327-%®t^. 

These  equations  show  clearly  why  sulphur 
cannot  be  removed  from  the  bath  by  an  acid 
blow. 

The  formation  of  silicates  from  their  elements 
is  shown  by  the  following  equations  (accepting 
for  Si02  the  value  relating  to  the  hydrate)  : — 

Cryst.  Heat  units. 

CaSiOs  . . Si  (crys.)  4-  3O  4-  Fa  (4~  344-4  anhydrous) 
MnSiO:i..vSi  ,,  4“  3^  4- Mn  (4- 275*9  ,,  ) 

FeSi03..Si  „ 4-304-Fe  (4-254-6  „ ) 


The  figures  above  render  it  evident  tha 
manganese  is  a stronger  base  than  iron  am, 
calcium  stronger  than  manganese  in  silicates.! 

Lime  can  therefore  decompose  the  acid  iroii 
and  mangp.nese  silicates,  or  combine  witl 
them  to  form  basic,  i.e.  ortho-silicates,  e.g 
FeCaSiOi.  Hence  the  formation  of  manganes 
silicate  in  the  acid  “blow”  is  readily  inteli 
ligible,  notwithstanding  the  presence  of  a; 
excess  of  iron. 

(J)  The  action  of  lime  upon  sulphides  : — 

Ca  4-  O — CaO  (anhydrous)  (4~  131*5,  heat-units 
Ca  4-  S = CaS  (solid)  (-|-  90*8  heat-units 


The  Action  of  Lime  upon  Ferrous  and  Manganese  Sulphides. 

FeS  (4-  24*0)  -h  CaO  (4-  131*5)  = FeO  (-f  65*7)  4-  CaS  (4-  90*8) 

= 156-1  - 155-6 

-j-  I heat-unit. 

MnS  (4-  45*6)  4-  CaO  (-f  131*5)  r=  MnO  (-f  90*9)  -f  CaS  (4-  90*8) 

= 181*7  - 177*1 
=;  4~  4-6  heat-units. 


* Unfortunately,  in  the  numbers  used  by  Prof.  Ponthierc 
there  are  some  errors  which  are  to  be  found  in  the  sources  of 
information  he  consulted.  For  instance,  we  have  for  the 
heat  evolved  in  the  combustion  of  iron  to  form  Feg04,  230*6, 
269*0,  276*4.  and  270*8.  This  last  number  appears  in  the 
“Annuaire  du  Bureau  des  Longitudes”  for  1898,  and  is 
presumably  the  most  correct.  In  the  volume  of  the  same 
work  for  1897,  the  combustion  of  the  different  forms  of 


carbon  with  oxygen  has  the  minus  sign  before  the  figure:| 
thus  making  the  reaction  endothermic.  This  is  evidently 
typographical  error.  There  is  one  very  important  numbe) 
namely,  219*2  heat-units  for  the  combustion  of  silicon  to  fori 
SiOa.  Berthelot,  in  his  recently  published  work,  “Lois  £| 
Donnees,”  vol.  ii.,  1897,  gives  this  value  as  179*6.  Notwithi  * 
standing  these  inaccuracies,  the  general  conclusions  are  no^ 
on  the  whole,  affected  in  such  a manner  as  to  invalidate  them  ) 
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I The  action  is  very  feeble  in  the  case  of  iron 
t ind  not  energetic  with  manganese,  so  that 
I ime  has  little  or  no  effect  upon  the  removal  of 
' iulphur  if  it  acts  directly  and  in  no  other  way 
jpon  the  sulphides. 

If  we  accept  the  number  which  Professor 


I\mthiere  assumes  to  be  the  heat  of  formation 
of  a manganese  carbide  of  the  formula 
namely  -f-  then  we  may  show  how  it 

operates  in  reducing  magnetic  oxide  to  ferp.-us 
oxide. 

Thus  : — 


Fe-jO^  -f  MnC..  -f  4O  z=  MnO  -f  3 FcO  2 CO . 

-f  270-8  -f  I lo  + 90-9  -I-  65-7  X 3 -h  X 2 

= [+4«3-2  - 

= + 


j This  action  cannot  proceed  farther  in  the  j 
direction  of  producing  metallic  iron  because  it 
then  becomes  an  endothermic  one. 

Here  we  have  a perfectly  definite  explanation 
|of  the  action  of  manganese,  accounting  for 
j three  facts,  namely  : — 

I I.  That  iron  in  the  bath  does  not  burn  so 
j long  as  manganese  is  present,  e.g.,  the  Swedish 
process. 

2.  That  manganese  added  to  the  metal  is 
found  as  slag  with  the  composition  of  a 
manganese  silicate. 

3.  That  the  addition  of  spiegel  or  ferro- 
I manganese  reduces  burnt  iron  (FesOi)  when 
' introduced  at  the  end  of  the  blow. 

Objection  may  be  taken  to  any  equation 
which  introduces  as  an  element  in  these  cal- 
I culations  the  oxidation  of  free  phosphorus,  or 
' the  action  of  lime  on  phosphoric  anhydride, 

: because  it  is  almost  certain  that  no  such  action 
I takes  place  in  the  converter.  Phosphoric 
I anhydride,  if  produced  in  presence  of  so  large 
j a mass  of  basic  material,  whether  iron,  ferrous 
I oxide,  or  lime,  could  only  result  first  by  the 
I dissociation  of  ferrous  phosphide  and  sub- 
1 sequently  by  the  oxidation  of  the  phosphorus. 
Now  phosphorus  and  phosphoric  anhydride  are 
both  volatile  substances,  and  their  spectra 
would  become  visible  if  they  were  free  and 
I uncombined,  but  though  scrupulous  care  has 
been  exercised  in  searching  for  the  lines  which 
1 are  known  to  belong  to  their  spectra  they  have 
j not  been  found.  It  should  here  be  mentioned 
that  the  spectrum  of  phosphoric  anhydride  is 
known,  and  has  been  described.*  It  follows 
j therefore  that  the  substance  acted  upon  in  the 
I bath  is  ferrous  phosphide,  and  this,  when 
oxidised,  either  by  Fe^Oi  or  by  air,  results 
( in  the  production  Fe^P-iOs,  which  in  turn  is 
I removed  into  the  slag  by  the  action  of  lime, 

I thus  yielding  Ca^P-^OH.  But  irrespective  of 
this  both  manganese  phosphide  and  ferrous 
phosphide  are  strongly  exo-thermic  substances. 

* Hartley,  “Flame  .Spectra  at  High  Temperatures” 
(“Phil.  Trans.,”  vol.  185,  p.  161,  1895). 


Now  when  grey  pig-iron  is  being  bhnvn  th  * 
temperature  very  soon  rises  to  that  point  whm 
the  free  carbon  combines  with  the  iron  ( :•■•  the 
curves  upon  which  this  is  shown,  pp.  714-ih  . 
and  consequently  what  is  oxidised  is  th=-  ( om- 
j pound  ferrous  carbide,  Fe;jC,  and  not  fr»-e 
carbon.  AVe  know,  however,  that  the  oxida- 
tion progresses,  so  that  carbon  monoxide-  CT) 
is  produced,  and  we  are  also  aware  that  iron 
is  oxidised,  and  that  if  dissolved  in  the  bath 
the  composition  of  the  oxide  is  Fe.jOi. 

When  manganese  silicide  is  oxidised  it  is 
extremely  doubtful  whether  the  element  silicon 
is  set  free,  or  the  compound  silica  produced, 
because  the  direct  formation  of  a silicate  slag, 
as  MnSiOa,  would  be  most  likely  to  take  place 
owing  to  the  large  amount  of  heat  which  would 
be  evolved,  and  we  know  that  such  a slag  is 
produced  under  the  conditions  of  the  “ blow.” 
Calculations  based  on  the  oxidation  of  Si  to 
SiO.>  are  therefore  probably  not  accurate  when 
manganese  still  remains  in  the  metal  bath.* 


’•  There  are  some  grounds  for  believing  that  silica  is  pro- 
duced under  certain  conditions  during  the  blow  from  .a 
volatile  silicon  compound. 

hdrst,  water  vapour  entering  with  the  blast  may  yield  silicon 
hydride  and  a metallic  o.\ide  as  FesO^  and  MnO  or 

Mn  2O3. 

.Secondly,  ferro-silicon  when  added  to  the  bath  in  the 
Walrand-Legeniscl  process  gives  an  intensely  brilli.ant  flame 
during  the  “ over  blow.” 

Thirdly,  .silicon  burns  with  difficulty  in  the  oxyhydre.gon 
blow-pipe  flame,  but  it  does  burn  and  colours  the  flame  blue. 

Fourthly,  in  .Swedish  Hessemer  works  a blue  flame  has  Ixnm 
observed  in  very  hot  “blows”  and  for  a short  time  only. 
Three  lines  in  the  spectrum  of  the  flame  have  an  agreemen 
with  three  lines  of  silicon.  (Lundstrdm.  “ Proc.  Roy.  Soc..  ’ 
vol.  59,  p.  76). 

Fifthly,  it  is  a fact  that  manganese  is  volatilised  from 
Bessemer  slag,  and  is  just  possible  that  manganese  silicide 
is  volatilised,  because  the  fume  from  the  vessel  is  compost'd 
of  a manganese  silicate  and  ferrous  silicate. 

All  the  evidence  I have  obtained  tends  towards  the  «ipposite 
conclusion  as  regards  silicon.  These  points  are  esiH'cially 
mentioned  because  in  my  earlier  calculations  on  the  heat 
evolved  during  the  blow  allowance  was  not  made  for  the  heal 
of  formation  of  those  substances  pri  sent  in  the  iron  as  com- 
pounds, by  the  substractii>n  td'  any  ascertained  or  assumed 
value  for  each  compound,  but  50  per  cent,  of  the  heat  was 
deducted  from  the  wliole. — W.N.H. 
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The  thermo-chemical  equations  for  the  com- 
bustion of  the  manganese  carbide,  MnCo, 
assumed  to  be  present,  first  when  the  carbon  is 
burnt  to  carbon  dioxide,  and  secondly  when  it 
is  converted  merely  into  carbon  monoxide,  are 
the  following  : — 

MnCa  + 5O  izz  MnO  + 2CO2  heat-units. 

(1) .  a:  =94*8  + 2 X 97*6  = (+ 280  — ;r) 

Where  x,  the  heaf^  of  formation  of  MnCs  is  o. 

MnC-2  + 3O  m MnO  + 2CO  heat -units. 

(2) .  94-8  2 + 29-4  =r  (+ 153-6  - .r) 

Where  x = o. 

For  manganese  phosphide  : — 

Mn3P2  + 80r::  3 MnO  + P2O5 

(3) .  3x  = 3 X 94*8  + 363-8 

— + 648-2  — 3v 

Where  x — O or  for  an  atom  of  manganese 
648-2 

- rn  + 216 
3 

In  a similar  manner  the  calculations  for  the 


following  substances  were  made  : — 


Heat-units. 

Manganese  sulphide  . . 

Mn  S . . . 

164-2 

Manganese  silicide  .... 

Mn;  Si2  , 

..  157*2 

Ferrous  phosphide  .... 

Fc3  P . . , 

,.  129-9 

Ferrous  Carbide 

FC3  C . . . 

C burnt  to  CO2  .... 

IOI-5 

C burnt  to  CO  .... 

78-8 

FeiTOUs  sulphide 

FeS  .., 

..  138*2 

Ferrous  silicide  

Fe  Si  . . , 

. . 288-2 

Fc2Si  discovered  by  M. 

Moisson 

contains  li 

to  20  per  cent.  SiFe2Si. 


To  render  the  numbers  correct  we  should  take 
into  account  the  heat  of  formation  of  these  com- 
pounds, and  substract  this  value.  But  accord- 

* The  number  used  here  Mn  + O = MnO  (anhydrous)  + 
90-9.  Heat-units  is  more  correct  than  the  above,  being  taken 
from  Berthelot’s  “Lois  et  Donnees,”  vol.  ii.,  p.  265,  1897. 


[Jttly  15,  ifj. 

ing  to  Troost  and  Hautefeuille,  though  |ie 
heats  of  formation  are  positive  for  the  first  ix, 
they  are  Zero  or  but  negative  values  for  |ie 
latter  four.  In  any  case  the  constituentsljf 
the  pig-iron  are  often  incomplete  or  ill-defi  d 
compounds. 

But  taking  the  experiments  of  Troost  ;d 
Hautefeuille  into  account,  it  is  the  opinionf 
Professor  Ponthiere  that  by  assuming  the  hit 
of  formation  of  manganese  carbide  to  be  t 
fifths,  and  that  of  manganese  sulphide,  silici  , 
phosphide,  and  also  ferrous  phosphide  to  e 
one-third  of  the  values  obtained  if  the  elemes 
are  in  the  free  state,  he  has  a sufficiently  n r 
approximation  for  the  purpose  in  view. 

The  heats  of  combination  are  there!  2 
assumed  to  be  as  follows  : — • 

Heat-unit 


Manganese  carbide  M11C2 116 

Manganese  phosphide  72-3 

Manganese  sulphide  54-8 

Manganese  silicide 52-5 

Ferrous  phosphide  43-3 


These  figures  then,  though  not  absolute' 
correct,  if  deducted  from  the  heat  of  combir- 
tion  of  the  same  compounds,  yield  the  heats'! 
combustion  of  the  constituent  substances  in  t ; 
iron.  Professor  Ponthiere  has  calculated  t* 
following  Table,  though  it  is  not  put  forwE'l 
' as  strictly  accurate  owing  to  the  lack  of  ccrtr 
data. 

'*  The  latest  data  are  the  following  : — 

Heat-units. 

Mng  -f  C = MngC  [4-  9-9] 

Heat  Units 

Mng  C -h  3 O2  = MngOi  4-  CO3  [-+-  412-4]  Le  Chatc 
C.  R.,  c.  xxii.,  81 ; 1896,  Berthelot,  “ Lois  et  Donnees,”  \ 
ii.,  p.  270.  1897. 

MnS  = MnS  precipitated  [-p  45-6]  (p.  269). 
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Heat  of  Combustion  of  the  Constituents  of  Crude  Iron. 


I. 

Heat  of  formation 
per  gramme  atom  of 
the  metal,  assumed 
to  be  I -5th  of  II. 
when  not  formed. 

II. 

Heat  of  combustion 
of  the  free  elements 
per  gramme  atom 
of  the 

crude  metal. 

III. 

Heat  of  combustir 
resulting 
per  gramme  aton 
of  the 

crude  metal. 

Manganese  carbide,  MnC2 

If  only  the  carbon  of  the  compound  is  burnt — 

C burnt  to  CO2  

I16-O 

290-2 

174-2 

C burnt  to  CO  

I16-O 

153*8 

37*8 

Manganese  phosphide,  Mn3P2 

72*3 

216-8 

144-5 

Manganese  sulphide,  MnS  

54*6 

164-2 

109-4 

Manganese  silicide,  Mn;Si2 

52*5 

157-6 

105-1 

Ferrous  silicide,  FeSi 

negligible 

288-2 

288-2 

Ferrous  sulphide,  FeS  

negligible 

138-2 

138-2 

Ferrous  phosphide,  Fc3P  

43*3 

129-9 

86-6 

Ferrous  carbide,  Fc3C  

If  only  the  carbon  of  the  compound  is  burnt — 

C burnt  to  CO2  

negligible 

101*5 

101-5 

C burnt  to  CO  

negligible 

77*7 

77*7 

I 
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The  differences  between  the  figures  in  the 
irst  and  second  columns  give  the  values  in  the 
bird  column.  It  is  pointed  out  that  those 
)elonging  to  the  ferrous  compounds — carbide, 
pulphide,  and  silicide — of  which  the  heat  of 
' ormation  has  not  been  determined,  but  which 
‘ s more  or  less  negative,  though  still  negligible, 
lire  a little  too  low,  but  without  influence  on 
he  results.  There  is  one  point  the  considera- 
ion  of  which  conduces  to  the  simplification  of 
I he  calculations,  and  enables  us  to  take  a 
■apid  survey  of  the  heating  effect,  the  com- 
Dustion  of  the  two  metals  iron  and  manganese, 
ind  it  is  this  fact  that  one  gramme  atom  of 
nther  element  is  very  nearly  the  same  quantity, 
heir  respective  atomic  masses  being  56  and 
We  may  thus  observe  by  simply  glancing 
it  the  figures  in  column  3,  the  enormous  heat 
)f  combustion  of  the  ferrous  and  manganese 
filicides,  and  the  ferrous  and  manganese  car- 
3ide,  when  approximately  equal  weights  of  the 
wo  metals  are  involved.  These  substances 
Dlay  a most  important  part  in  the  oxidation  of 
mpurities  in  the  acid  process.  We  can  thus 
inderstand  the  enormous  heating  effect  of  the 
‘blow”  both  in  the  slag-forming  period  and 
.he  ” boil.” 


Miscellaneous. 


ELEMENTARY  EDUCATION  IN 
GERMANY. 

The  Germans  attach  much  importance  to  com- 
lulsory  education  from  the  earliest  youth,  but  as 
cgards  children  of  the  working-classes,  in  view  of 
he  small  number  of  teachers,  in  proportion  to  those 
vho  have  to  be  taught,  the  chief  advantage  gained  is 
Ipving  the  latter  regular  habits  and  keeping  them  out 
i)f  mischief,  especially,  as  under  militaiy  principles,  a 
'■ontrol  is  exercised  by  the  school  masters  and  mistresses 
'lot  only  in  but  out  of  school.  Consul  Mulvany,  of 
|3usseldorf,  says,  that  it  is  only  natural  that  such  a 
orced  system  should  not  be  very  highly  valued  by  the 
ecipients  and  that  only  a feAV  of  the  more  intelligent 
'■hildren  derive  much  material  benefit,  but  it  affords 
iin  opportunity  to  the  authorities  of  testing  the  quality 
)f  brain  with  a view  of  development  to  higher  jiosts 
n the  interests  of  the  pupils  and  of  the  State.  The 
education  of  children  is  absolutely  compulsory  from 
he  age  of  6 to  14;  only  in  exceptional  cases  where 
he  child  is  considered  to  be  sufficiently  advanced  and 
s required  at  home  is  there  a departure  from  this 
ule.  All  elementary  schools  are  free  of  fees ; in 
i.mall  villages  there  are  eight  different  divisions, 
h^ugh  the  children  may  be  possibly  taught  in  one 
oom  by  one  and  the  same  master,  whereas  in  towns 
t is  found  sometimes  necessary  to  subdivide  the 


division,  thereby  forming  16  different  classes.  There 
are  no  examinations.  These  schools  are  suppr)rted 
partly  by  the  State,  partly  by  the  community,  in 
most  cases  the  State  paying  about  half  the  cost ; a^ 
to  proportion  very  much  depends  upon  the  tax-paying 
jx)wers  of  the  community ; as  a general  rule  there  is 
no  special  school  tax.  In  religious  education  the 
children  are  separated  according  to  confe'-sion  ; all 
must  attend  Bible  history  classes  ; the  appointm'-nt 
of  school  masters  is  rletermined  in  accordance  with 
the  ])reponderance  of  the  Roman  fiatholic  or  iTo- 
testant  religion.  There  are  s|)ccial  seminaries  where 
teachers  of  both  sexes  are  qualified  for  higher  gradc^ 
of  education ; the  community  apjioints  the  teacher- 
subject  to  the  sanction  of  the  .State.  Children  l)ctwccn 
6 and  14  years  of  age  can  only  receive  education  from 
duly  qualified  teachers  ; no  one  is  allowed  to  teach  at 
either  jirivate  or  ))ublic  schools  witlujut  having  pa^>ed 
a specified  examination.  If  parents,  no  matter  what 
their  social  rank  may  be,  neglect  to  have  their  children 
taught  during  the  age  from  0 to  14  by  a qualified 
teacher  they  are  compelled  to  send  them  to  the  public 
elementary  school.  All  higher  schools  levy  fees. 
Private  schools  can  only  be  established  under  sanction 
of  the  State.  All  schools  are  subject  to  the  super- 
vision of  Government  inspectors,  whose  duty  it  also  is 
to  see  that  children  of  men  of  high  rank,  even  when 
educated  in  their  parents’  house  by  private  tutors  or 
governesses,  receive  that  education  from  thoroughly 
(jualified  persons.  Consul  Mulvany  quotes  a case  in 
point,  where  the  inspector  insisted  ujion  examining 
the  tutor  and  the  pupil,  a boy  of  some  six  or  seven 
years  of  age,  as  to  proficiency.  The  elementary  or 
preliminary  period  of  education  being  completed, 
that  is,  in  the  working-classes,  the  boys  and  girls 
apprenticed  to  qualified  masters  in  any  trade  or  busi- 
ness, the  same  have  to  attend  the  evening  classes  of 
technical  Forthildungsschulen,  which  now  are  com- 
pulsory ; all  branches  of  trade  and  industry  are  repre- 
sented, and  even  in  the  higher  classes  this  further 
education  is  brought  within  such  easy  reach  of  all 
that  an  important  groundwork  is  fonned  to  which  in  a 
great  measure  may  be  attributed  the  great  strides 
made  in  industrial  and  commercial  development.  The 
higher  class  schools  for  general  cilucation  arc  Rfal 
Schiden,  where  cliielly  modern  languages  ami  mathe- 
matics are  taught  to  lads  who  are  intended  for  tech- 
nical and  commercial  life  ; and  the  . Gymnasium 
where  classics  and  that  class  of  education  is  given  to 
jirepare  for  higher  jirofessions,  such  as  the  Church,  the 
Army,  Navy,  and  the  Bar  ; these  are  State  institu- 
tions, being  public  day  schools.  Very  few  boarding 
schools  exist  in  the  country,  and  they  Ixdong  to 
private  individuals.  The  fees  of  the  public  schmffs 
are  extremely  moderate,  so  that  they  are  open  to  all 
comers  who  can  pass  the  necessary  school  cxamin.i- 
tion.  On  the  school  bench  no  distinction  is  made 
between  the  highest  members  of  the  aristocracy  and 
the  sons  of  even  the  lower  middle-classes,  so  that  the 
man  of  title  later  in  life  buys  his  shoes  and  stockings 
from  a school  companion  who  may  have  passed  a 
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better  examination  than  he,  and  this  in  a country 
where  the  distinction  of  class  is  much  more  marked 
than  in  England.  There  is  still  a higher  class  of 
technical  schools  or  colleges  where  students  take 
diplomas  for  professions,  for  instance,  in  agriculture, 
forestry,  viticulture,  engineering  in  all  its  branches, 
and  all  of  course  under  State  supervision. 


THE  POPULATION  OF  RUSSIA. 

The  Central  Statistical  Committee  of  St.  Peters- 
burg has  recently  prepared  a report  dealing  with  the 
question  of  the  population  of  Russia.  According  to 
this  report,  the  population  in  fifty  provinces  of  Euro- 
pean Russia  numbers  94,215,000,  of  whom  46,447,000 
are  males  and  47,767,000  females.  In  ten  of  the 
Previsliansky  provinces  the  population  is  estimated  at 

9.455.000,  of  whom  4,764,000  are  males  and  4,691,000 
females.  The  number  of  the  population  in  the 
Caucasus  is  9,248,000,  of  whom  4,891,000  are  males 
and  4,357,000  females.  Siberia  has  a population  of 

5.727.000,  of  whom  2,954,000  arc  males  and  2,772,000 
females.  The  population  of  Central  Asia  was  deter- 
mined at  7,721,000,  of  whom  4,138,000  are  males  and 

3.562.000  females.  The  total  is  126,366,000,  and 
counting  the  Russians  in  Einland,  and  also  those  on 
board  the  various  battleships  in  foreign  ports,  in 
Bokhara,  and  Khiva,  the  general  total  of  the  popu- 
lation of  the  Russian  Empire  is  estimated  at 

126.411.000,  of  whom  63,253,000  are  males  and 

63.158.000  females.  According  to  the  census  of 
1897,  in  the  towns  of  fifty  provinces  of  European 
Russia  there  were  11,830,000  ; in  the  towns  of  ten  of 
the  Previsliansky  provinces,  2,058,000;  in  towns  of 
the  Caucasus,  996,000;  of  Siberia,  462,000;  of 
Central  Asia,  932,000 ; and  of  the  Bokhara,  8,000. 
In  this  manner,  the  population  of  the  towns  of  Russia 
is  equal  to  16,289,000;  that  is,  the  population  of  the 
towns  represents  about  13  per  cent,  of  the  total 
population  of  the  Empire.  If,  however,  the  villages 
and  small  settlements  are  included,  the  actual  town 
])opulation  will  not  be  less  than  20,000,000. 


THE  CORE  AN  POSTAL  SYSTEM. 

Corea  has  a domestic  postal  system,  and  the  service 
gives  satisfaction.  While  Corea  has  formally  entered 
the  Postal  Union,  a foreign  service  has  not  yet  been 
arranged,  and  the  Japanese  postal  department  still 
continues  to  serve  Corea.  The  stamps  are  of  four 
denominations— 5 poon,  equal  to  one  halfpenny, 
green;  10  poon,  equal  one  penny,  blue;  25  poon, 
equal  2^d.,  brown  ; 50  poon,  equal  3d.,  purple.  At 
])resent,  there  are  no  printed  covers,  postal  cards,  or 
other  stamped  postal  paper.  The  stamps,  which 
were  printed  in  the  United  States,  are  all  alike, 
except  in  colour  and  denomination.  The  characters 
at  the  top  are  ancient  Chinese,  those  at  the  bottom 
are  Corean,  and  have  the  same  meaning  as  the  row  at 
the  top.  The  charaqters  at  the  right  are  Corean,  and 


give  the  denomination  which  is  translated  in| 
English  just  below  the  centre.  Those  on  the  left  a| 
in  Chinese,  and  mean  the  same  as  those  on  the  rigH 
The  plum  blossom  ornaments  each  corner.  This 
the  royal  flower  of  the  present  Ye  dynasty  which  h, 
been  in  existence  for  505  years.  The  national  cmblc! 
in  the  centre  is  the  ancient  Chinese  representation 
the  male  and  female  elements  of  nature.  The  fm 
characters  at  the  corners  of  the  centre  piece  arc  take 
according  to  the  American  Consul  at  Seoul,  from  who 
report  the  above  description  is  quoted,  from  “ tl 
original  alphabet  of  all  languages  and  represent  th 
four  spirits  that  stand  at  the  corners  of  the  earth,  an 
support  it  on  their  shoulders.”  A set  of  three  stani] 
costs  ninepence.  They  can  be  cancelled  at  the  pos 
office  if  desired. 


Correspondence. 

■ ♦ 

PARLIAMENTARY  RETURN  OP 
SECONDARY  AND  OTHER  SCHOOLS. 

As  Mr.  Macan  rightly  opines,  technical  school; 
which  is,  however,  the  exact  expression  of  the  Repori 
are  meant  to  be  taken  in  the  sense  of  technologica' 
The  definite  setting  of  these  institutions  outside  th 
pale  that  is  gradually  being  fonned  round  secondai 
education  seems  to  me  to  be  a happy  augury  of  furthc 
discrimination  later  on.  It  was  obvious  I could  no 
have  been  thinking  of  that  distorted  yet  temporaril 
legalised  meaning  of  technical ; which  embrace 
within  its  definition  such  an  essentially  secondai 
subject  as  English  grammar.  The  last  part  of  thi 
paragraph  was  clearly  meant  to  refer  to  secondar 
education  in  general ; there  was,  therefore,  no  direc 
allusion  to  local  authority  schools,  as  such,  any  mon 
than  to  the  endowed  schools,  or  any  other  of  tb 
scholastic  divisions  under  which  the  report  ha; 
grouped  secondary  education. 

Cloudesley  Brereton. 

July  10,  1898. 


General  Notes. 

♦ 

Berlin  Pavements. — It  appears  from  some 
statistics  furnished  by  the  United  States  Consul  at 
Berlin  respecting  the  carriage  pavements  of  that 
city,  that  wood  pavement  does  not  find  much  favour 
there.  The  area  of  pavements  is  6,500,405  square 
yards,  and  of  this  area  a little  less  than  74  per  cent, 
has  stone  pavements,  about  25  per  cent,  asphalt,  and 
a fraction  over  i per  cent.  wood.  The  Consul  states 
that  the  proportion  of  asphalt  is  steadily  increasing. 
The  soil  consists  of  coarse  gritty  sand,  forming 
apparently  an  excellent  foundation  for  the  hea^y 
8 in.  layer  of  gravel  and  cement,  over  which  the 
2 in.  covering  of  asphalt  is  spread. 
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CANTOR  LECTURES. 

THE  THERMO-CHEMISTRY  OF  THE 
BESSEMER  PROCESS. 

By  Prof.  Noel  Hartley,  F.R.S. 

Lecture  III. — Delivered  March  28,  1898. 

Thermo-Chemical  Effects  of  the 
“Acid”  Process. 

If  we  consider  the  blowing-  of  iron  containing 
little  manganese,  and  for  this  purpose  refer  to 
the  diagram  of  the  “ blow  ” as  it  occurs  in  the 
e.xamples  given  by  the  analytical  results  of 
Snelus,  we  have  first  a complete  oxidation  of 
the  small  quantity  of  manganese  during'  the 
first  four  minutes.  It  is  quite  possible  that  it  is 
alternately  oxidised  and  reduced,  oxidised  by 
the  blast  and  reduced  by  the  metallic  carbides 
or  free  carbon  in  the  bath,  but  neglecting  this 
for  the  moment  we  have  extremely  rapid  oxi- 
dation of  the  silicon,  or  manganese  and  iron 
silicides,  the  conversion  of  graphite  into  ferrous 
carbide,  and  the  oxidation  of  the  carbon  of  the 
carbide  to  CO^  in  the  same  period.  It  would 
appear  then  that  while  we  are  burning  ferrous 
carbide  to  CO2  at  the  rate  of  heat- 

units  per  gramme-atom  of  metal  we  are  forming 
manganese  carbide  or  the  so-called  combined 
carbon  at  the  rate  of  -|-  ii6'0  heat-units  per 
gramme-atom  of  manganese,  and  the  heat 
thus  evolved  must  be  added  to  the  heat  evolved 
by  the  combustion  of  ferrous  silicide.  It  is  a 
well  known  fact  that  the  temperature  rises  at 
times  with  great  rapidity  and  as  a rule  it  is 
more  easy  to  obtain  too  high  rather  than  too 
low  a temperature  even  in  the  early  stages  of 
the  “boil”  when  working  the  acid  process. 
But  why  is  the  carbon  at  the  slag-forming 
period  oxidised  to  CO 2,  and  subsequently  no 
farther  than  the  product  CO  ? This  appears  to 
be  due  to  the  cumulative  rise  of  temperature 
approaching  or  even  rising  to  the  temperature 


of  dissociation  of  CO2  in  presence  of  the  other 
combustible  elements  such  as  iron. 

In  considering  the  effect  of  the  “ blow”  on 
a highly  manganiferous  pig-iron  we  have  a 
rapid  oxidation  of  manganese  down  to  the  end 
of  the  first  period,  and  doubtless  this  element  is 
partly  if  not  chiefly  contained  in  the  compound 
manganese  silicide  while  there  is  doubtless  a 
production  of  manganese  carbide. 

In  fact  here  several  chemical  actions  oceur 
simultaneously  or  overlap  in  such  a manner  as 
to  evolve  the  greatest  amount  of  heat,  and  to 
explain  these  it  is  desirable  to  consider  the 
thermo-chemical  equations.  Equation  (i)  is 
first  realised,  and  after  the  first  six  minutes 
chiefly  equation  (2). 

When  the  metal  contains  much  manganese 
because  of  an  excess  of  manganese  carbide  in 
it  (as  for  instance  3*46  per  cent.,  in  the  metal 
referred  to  by  Brunner  and  Kupelwieser)  this 
element  is  oxidised  before  the  silicon  is 
attacked,  but  supposing  the  compound  man- 
ganese silicide  is  the  substance  oxidised  as  we 
know  to  be  case,  the  course  of  oxidation  will 
give  us  MnO  and  SiOo,  but  the  apparent  para- 
dox as  seen  by  the  light  of  the  diagram  is 
accounted  for  by  a reduction  of  the  silica  in 
presence  of  iron  to  ferrous  silicide  by  manganese 
carbide  thus  : — 

Thermo-  Chemical  Reactions  of  the  Bessemer  ‘ ^Blow. ' ’ 

(I-) 

SiO-.  + 2 MnC->  + 8 O + Fe  = 2 Mn( ) + 4 CO2  + Fe.Si 


=:  + 128*8  heat-units.* 

Professor  Ponthiere  writes  this  equation  with 
ten  atoms  of  oxygen,  as  if  the  oxidation  of  the 
silicon  had  not  already  taken  place,  his  number 
therefore  differs  from  mine  slightly. t 

But  ferrous  carbide  in  acting  on  silica  gives  a 
negative  sign  as  may  be  verified  by  the  thermo- 
chemical equation,  and  e.xperience  shows  that 
silica  is  not  reduced  by  ferrous  carbide,  while, 
on  the  other  hand,  manganese  carbide  is  a 
most  effective  reducing  agent  for  silica.  There 

* Bcrthelot,  vol.  ii.,  p.  151. 

t Professor  Ponthiere  observes  that  this  equation  explains 
the  action  on  the  manganese  alone  befori'  the  attack  of  the 
silicon  during  the  first  minutes  of  the  “ blow  ” with  highly 
manganiferous  irons,  and  also  the  analyses  of  Kupelweiser 
and  Brunner  quoted  by  Hartley  as  relating  to  a Bessemer 
charge  contains  3*46  per  cent.  Mn  and  1*96  per  cent.  Si.  As 
these  analyses  deal  with  Bessemer  metal  containing  only 
traces  of  phosphorus  and  sulphur,  they  can  be  explained  only 
by  the  equation  where  the  manganese  carbide  reduces  the 
silicon,  and  the  carbon  is  oxidised  to  carbon  dioxide.  If 
carbon  monoxide  be  produced  it  may  be  remarked  that  the 
result  is  negative. 
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is  further  a most  interesting  fact  shown  by  the 
thermo-chemical  equation  (2),  namely,  that  if 
the  carbon  be  oxidised  only  to  carbon  mon- 
oxide, instead  of  to  dioxide,  the  eft'ect  is 
negative,  and  therefore  probably  does  not  and 
cannot  take  place. 

(2.) 

SiOo  + 2 MnCs  + 2 O2  + Fe  = 2 MnO  + 4CO  + FeSi* 
219-2  2X116  2X94'8  4X29-4 

451-2  307*2 

— 144*0  heat-units. t 

During  the  “boil,”  the  temperature  rises, 
and  is  easily  made  too  hot,  because  manganese, 
carbon,  and  silicon  are  all  being  oxidised 
together  during  the  fining  stage ; here 
the  iron  is  oxidised  to  FcaOi,  and  the 
melting  point  of  the  metal  is  raised,  the 
temperature  falls,  and  the  contents  of  the 
vessel  became  pasty.  At  this  stage  the  silicon 
has  been  withdrawn,  and  is  in  the  condition 
of  slag,  chiefly  manganese  silicate,  MnSiOs. 

The  addition  of  spiegeleisen,  which  contains 
a large  proportion  of  manganese  carbide, 
reduces  the  magnetic  oxide  to  ferrous  oxide 
according  to  the  following  equation  (3) ; — - 

(3-) 

FeaOi  + MnCs  4-  2 O2  MnO  + 3 FeO  + 2 CO2 
270-8  1 16  94-8  3X69  2X97*6 

386-8  497-0 

rr  + 1 10-2  heat-units. 

Silicon  is  oxidised  at  the  expense  of  the 
magnetic  oxide,  and  thus  reduces  it  to  ferrous 
oxide  as  in  equation  (4)  ; but  here  again  the 
presence  of  free  silicon  is  assumed. 

(4-) 

2 Fe304  + Si  n:  6 FeO  + Si02 
2 X 270-8  6x69  219-2 

541*6  633-2 

= 4-91-6  heat-units,  j 

In  the  latter  stage  of  the  process  we  have  a 
formation  of  slag  from  the  remnants  of  the 
impurities  which  the  magnetic  oxide  has 
oxidised.  This  action  takes  place  upon  thorough 
mixing,  either  in  the  converter  or  in  the  ladle. 

* Where  Professor  Ponthiere’s  equations  deal  with  com- 
pounds such  as  FeSi  (ferrous  silicide),  it  should  be  understood 
that  these,  according  to  his  view,  are  constituents  of  crude 
iron. 

t (Amorph.)  Heat-uniis. 

Si  -f  O3  = SiOg  -f-  179-6 

(Crystal)  Heat-units. 

Si  -f  O2  = SiO.2  + 184-5. 

See  p.  621,  Ann.,  1898.  Tr.  and  H.B.  This  is  not  an  error, 
apparently.  See  ditto,  p.  14. 

t Prof.  Ponthiere  uses  230-6  for  FegO^  and  states  that  this 
number  is  taken  from  the  “Annuaire  du  Bureau  de  Longi- 
tudes” for  1897.  In  the  volume  for  1898  it  is  270-8. 


If  the  mixture  was  made  by  a short  blowing, 
probably  some  of  the  silicon  would  be  reduced, 
and  ferrous  silicide  would  be  produced  thus, 
equation  (5) 

(5.)  Si02  4-  2M11C2  4-  8Fe304  4-  Fe 
219-2  2 X 116  8 X 270-8 

2617-6 

= 2 MnO  4-  4 CO2  4-  FeSi  4-  24  FeO 
2 X 94*8  4 X 97*6  24  X 69 

2236-0 

= — 381  heat-units. 

But  this  action  would  not  occur  if  the  oxygen 
were  supplied  solely  by  the  magnetic  oxide 
since  there  is  an  absorption  of  heat. 

A comparison  of  these  equations  shows  that 
there  can  be  little  doubt  that  manganese 
silicide  is  oxidised  directly  to  manganese 
silicate,  and  that  this  may  be  converted  into 
ferrous  silicide  by  ferrous  carbide  when  there 
is  an  excess  of  carbide  of  manganese  or 
insufficiency  of  silicon.  It  must  be  remembered 
that  the  temperature  is  very  high,  a condition 
favouring  the  formation  of  ferrous  silicide. 
This  appears  to  be  one  reason  why  it  is  prefer- 
able not  to  turn  up  the  converter  for  a short 
after-blow  after  the  addition  of  spiegeleisen,  but 
to  allow  the  reaction  to  take  place  in  the  turned 
down  converter  or  in  the  ladle.  If  the  man- 
ganese is  sufficiently  large  in  amount,  the  first 
portion  disappears  at  the  beginning,  and  then 
manganese  silicide  is  generated  from  the  ferrous 
silicide,  or  read)'^  formed  manganese  oxide  may 
displace  the  iron  from  ferrous  silicide  or  silicate, 
and  form  the  corresponding  manganese  com- 
pounds, the  manganese  silicide  oxidising  to 
manganese  silicate. 

It  is  a fact  well  known  that  with  little  man- 
ganese in  the  bath  the  process  must  be  stopped 
for  a final  addition  either  of  spiegeleisen  when 
carbon  is  required  in  the  final  product,  or  of 
ferro-manganese  as  already  mentioned,  when 
soft  iron  is  to  be  obtained.  But  in  the  Swedish 
works  it  was  the  custom  to  arrest  the  blow 
before  the  final  removal  of  manganese  and  add 
nothing  to  the  bath,  and  this  became  possible 
only  because  the  proportion  of  manganese  in 
the  crude  metal  was  very  high.  For  an  explan- 
ation of  this  I have  already  given  you  an 
equation. 

The  Thermo-Chemical  Effect  of  the 
“Basic”  Bessemer  Process. 

In  the  “basic”  process  it  must  be  remem- 
bered that  lime  is  added  in  large  proportion, 
and  that  there  is  a considerable  “ over-blow.” 
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In  the  first  instance  two  tons  of  lime  are  added 
to  twelve  tons  of  blast-furnace  metal,  at  the 
commencement.  Ferrous  silicide  at  the  head 
of  the  list  (p.  730,  heat  of  combustion  of  the 
constituents  of  crude  iron)  is  first  attacked, 
andit  is  said  to  yield  silica  and  magnetic  oxide, 
The  substance  formed,  however,  is  ferrous 
silicate  FeSiOs.  But  manganese  carbide  and 
phosphide,  when  their  per-centages  are  suffi- 
ciently high  in  the  presence  of  iron  or  under  the 
oxidising  action  of  air  under  pressure  traversing 
the  bath  may  reduce  both  magnetic  oxide  and 
silica,  as  also  a ferrous  silicate.  The  case  of  the 
carbide  has  already  been  dealt  with  in  a pre- 
vious equation.  No.  1,  p.  733,  where  128-8  heat- 
units  were  shown  to  be  evolved. 

In  the  case  of  manganese  phosphide  the 
equation  (6)  is  stated  as  follows 

(6.)  3 SiOo  + 2 MnaPa  + 5 O2  + 3 Fe 

3 + 179-6  6 + 72-3 

n:  6 MnO  + P4O10  + 3 FeSi 
6 + 90-0  730-8  + 

The  phosphoric  anhydride  produced  by  this 
reaction  which  is  not  in  the  free  state  may  be 
reduced  by  the  manganese  silicide  and  by 
metallic  iron  if  not  at  once  removed  by  the  lime, 
as  the  equations  (7)  and  (8)  here  following  will 
show  : — 

(7.)  6 MiiT.Sia  + 2 P4O10  + 23O 
35  X 52-5  2 X 730-8 

1837-5  1461-6 

3299-1 

10  SiOo  + 4 Mn.^Ps  + 23  MnO 

10  X 179-6  12  X 72-3  23  X 90-9 

1796  867-6  2090-7 

4754-3 

= 4754-3-3299-1 

= + 1455-2 

or  for  P0O5  =:  + 363-8  heat-units. 

(8.)  I £ Fe  + P2O5  = 5 FeO  + 2 FesP 
365-4  5 X 65-7  6 X 43-3 

= 588-3  - 365-4 

+ 232-9  heat-units. 

Now  ferrous  phosphide  evolves  only  about 
30  heat-units  in  its  formation  from  the  com- 
pounds FeO  and  P2O5,  so  that  these  equations 
would  be  realised  if  no  lime  were  present.  But 
as  equation  (7)  above  shows  there  is  man- 
ganese phosphide  produced  which  in  turn  is 
decomposed  yielding  manganese  oxide  which 
combines  with  the  silica ; and  ferrous  phos- 
phide by  the  reduction  of  P2O5  in  contact  with 


Fe  is  produced.  The  action  of  lime  in  the 
“basic”  process  converts  any  ferrous  phos- 
phate in  the  .slag  to  calcium  phosphate,  the 
heat  evolution  being  high,  as  can  be  seen  from 
the  following  figure.s  : — 

(9.)  Pi  + O5  (solid)  rz  365-2  heat-units. 

P-2  + + 3 Ca  = 919-2  ,, 

Ca  + O (solifl)  =131-5  ,, 

The  heat  of  formation  of  3CaO  is  therefore 
“h  394'5  units.  Accordingly  we  have  - 

Pi  + ().',  =365-2  919-2  CaiP.;Oj 

3Ca  + 30  = 394-5  759-7 

759-7  + 159-5  heat-units 

FS9‘5  heat-units  are  evolved  by  the  union  of 
PiOg  with  3 CaO,  while  FeO  and  P^O^  evolved 
only  about  30  units. 

In  a “ basic  blow  ” the  metal  should  contain 
but  little  silicon,  but  the  phosphorus  may  how- 
ever be  in  considerable  proportion.  Accord- 
ingly the  action  of  the  “ blow  ” does  not  cause 
a high  temperature  during  the  boil,  there 
being  carbon,  manganese,  sulphur,  and  phos- 
phorus to  burn,  but  no  silicon  ; there  is  also 
the  lime  which  reduces  the  temperature.  This 
has  been  deduced  from  experiments  and 
observations  made  on  the  spectrum  of  the 
flame  during  the  blow  when  the  acid  and  basic 
processes  have  been  compared. 

Now  the  lime  plays  two  parts,  one  is  that  of 
a base  more  powerful  than  iron  and  manganese 
which  therefore  combines  with  the  sulphur. 
We  have  it  then  acting  as  a powerful  base 
preventing  the  waste  of  iron  and  also  fixing 
the  phosphorus  in  the  form  of  calcium  phos- 
phate. 

Variations  of  Temferatuke  ih  ring  the 
Blow. 

In  the  combination  of  oxygen  of  the  air  with 
the  impurities  in  the  metal,  we  have  a com- 
bustion within  the  converter  which  generate.-^ 
a high  temperature,  and  this  may  be  calculated 
from  the  weight  of  air  necessary  to  the  process. 
We  may,  on  this  basis,  calculate  the  weight  of 
the  products  of  combustion,  and  the  heat 
carried  away  as  the  gases  leave  the  vessel. 

The  only  gaseous  products  are  carbon 
monoxide,  carbon  dioxide,  and  nitrogen. 

From  the  atomic  weights,  we  may  calculate 
that  a gramme  of  manganese  silicide  required 
for  oxidation  324  grammes  of  oxygen,  which  is 
accompanied  by  1079  grammes  of  nitrogen. 
Assuming,  from  figures  derived  from  previous 
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work,  that  the  temperature  of  the  flame  at  the 
mouth  of  the  converter  is  1700°  C.,*  the  heat 
carried  off  by  1079  grammes  of  nitrogen,  is 
1079  X 0*2438  X 1700  = 447*2  kilo  heat-units. 

The  products  of  the  combustion  are  liquid 
slag,  which  remains  inside  the  converter, 
small  portions  only  being  ejected.  The  heat 
of  combustion  resulting  from  one-seventh  MnvSis 
441  -f-  7 = 63  grammes  of  manganese 
silicide,  amounts  to  105*1  heat-units;  one 
kilogramme  of  silicide  evolves  1,666  heat-units, 
and  leaves  in  the  converter  1666  — 447*2  = 
i2i8*8  heat-units. 

The  caloriflc  efficiency  thus  becomes — 


When  ferrous  carbide  is  burnt  with  the  pro- 
duction of  carbon  dioxide  there  is  found  for 
one  kilogramme  — 

Weight  of  oxygen 

required  268  grains. 

Weight  of  nitrogen 

corresponding  . . 892  grains. 

Heat  carried  off  by 

the  nitrogen. . . . 0*892  X 0*2438  X 1 700  369*6" 

Heat  carried  off  by 
the  carbon  di- 
oxide  0*245  X 0*245  X i“oo=;i02*04 

Total 471*71 

Heat- 

units. 

Heat  evolved  by  the  burning  of  i kilogramme 
of  FesC  = 1691.  Ef^ctive  heat  evolved — 
1691*00  - 471*71  = 1219*29  heat-units. 

Let  us  take  into  account  now  the  heat 
evolved  by  the  combustion  of  the  solid  con- 
stituents in  the  metal,  such  as  carbon  or  car- 
bides, silicon  or  silicides,  and  manganese, 
which  burn  alone,  then  ferrous  carbide  and 
silicide.  The  heat  of  combustion  is  given  in 
the  thermo-chemical  tables.  Manganese  phos- 
phide, when  the  manganese  and  phosphorus 
are  both  burnt,  is  calculated  from  the  total 
amount  already  given  in  the  tables  minus  the 
heat  of  combustion  of  the  phosphorus,  and, 
referring  to  the  standard  quantity  of  one  kilo- 
gramme, from  which  the  heat  carried  off  by  the 
gases  is  deducted. 

No  attempt  is  made  to  ascertain  the  heat 
lost  by  the  slag  thrown  out  of  the  converter, 
which  must  be  not  only  exceedingly  difficult  to 
determine,  but  also  a very  variable  quantity ; 

* Professor  Ponthiere  assumes  the  temperature  to  be  no 
higher  than  that  of  cast-iron  in  the  molten  state,  viz.,  1200°  C., 
but  from  certain  consideration  I believe  it  to  be  much  higher, 
and  have  taken  the  figure  to  be  1700°  C.,  and  made  the 
calculation  accordingly. 


nor  for  the  loss  by  radiation  from  the  converter. 
This  is  liable  to  be  over-estimated,  since  we 
start  with  the  converter  hot.  In  any  case  it  is 
a constant.  The  result  is  given  in  the  Table 
(P*  737)* 

No  account  is  taken  of  the  conversion  of  the 
graphite  in  grey  pig-iron  into  ferrous  carbide, 
which  results  in  an  absorption  of  heat,  though 
this  in  the  acid  process  really  appears  to  be 
the  first  effect  of  the  blow,  as  seen  by  the 
diagram  drawn  from  the  analytical  data 
obtained  by  Snelus.  The  fact  must  be  noted, 
however,  that  in  this  case  the  pig-iron  was 
melted  in  a cupola,  whereas  in  Professor 
Ponthiere’s  calculations  such  a consideration 
would  not  enter,  the  metal  being  drawn  direct 
from  the  blast  furnace,  and  the  carbon  being 
then  in  combination  with  iron  (as  Fe;{C). 

The  order  of  attack  of  the  constituents  in  the 
bath  by  the  aid  of  the  preceding  Table  enables 
us  to  form  some  idea  of  the  cause  of  the 
variations  in  temperature  during  the  course  of 
the  “ blow.” 


First,  there  is  combustion  of  the  silicon  unfts. 

yielding 6,230 

Silicide  of  iron  yielding 2,980 

Manganese  carbide 1,196 

Second,  the  loss  due  to  combustion  of 

manganese  phosphide 127 

is  made  up  of,  or  by  the  burning 

of  the  manganese  sulphide  L079 

and  manganese  silicide  i,35i 


which  has  not  yet  been  already 
utilised  in  the  reduction  of  phos- 
phoric acid. 

The  combustion  of  part  of  the  carbon 


only  3,498 

or  ferrous  carbide i ,364 


increases  the  elevation  of  tem- 
perature. 

As  the  temperature  rises,  the  burning  of 
carbon  to  carbon  dioxide  becomes  no  longer 
possible,  and  it  is  then  as  carbon  monoxide 
that  the  larger  proportion  of  carbon  in  the 
ferrous  carbide,  either  as  carbon  burning  by 
itself  or  with  the  iron.  In  the  former  case  188 
heat-units  are  evolved,  or  with  the  iron  1,364. 

The  bath  then  cools  in  proportion  as  carbon 
monoxide  is  evolved.  The  metal  becomes  less 
fluid,  its  melting  point  is  higher,  the  blast 
exercises  its  full  effect  upon  the  metal,  giving 
abundant  oxide  FesO^,  which  makes  the  metal 
become  pasty.  The  remainder  of  the  ferrous 
carbide  which  forms  the  greater  proportion  of 
the  whole  amount,  together  with  the  manganese 
carbide  which  has  so  far  escaped  oxidation. 
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Effective  Heat  in  the  Converter  Resulting  from  the  Combustion  of  i Kilogramme  of 

EACH  Constituent  of  the  Iron. 


Substance. 

Per  gramme 
atom  of 
free  element 
metal  or 
metalloid. 

1 Per  kilo, 

1 of  consti- 
tuent, or  of 
free 

metalloid. 

Heat 

rcmf,vod  by 
the  gases 
per 

kilogramme. 

Heat  * 

left  in  the 
bath 

p<T 

kilogramme. 

1 

Calorific 

efficiency 

per 

cent. 

Silicon 

219-2 

7,326 

1,096 

6,230 

84 

Ferrous  silicide 

288-2 

3,430 

450 

2,980 

86 

Manganese  silicide  

105- 1 

1,666 

3'5 

C35f 

81 

Manganese  phosphide 

M4-5 

1,91 1 

539 

1,372 

71 

Manganese  only  burnt  in  the  phosphide  

1 22-7 

1 

412 

285 

127 

30 

Manganese  sulphide 

109-4 

C257 

178  ' 

1,07^^ 

85 

Manganese  carbide,  C burnt  to  CO^ 

i i74'2 

2,205 

i,o(J9 

1,196 

54 

Carbon  to  CO^ 

97-6 

8,080 

4,592 

3,49« 

45 

Ferrous  carbide,  C burnt  to  CO^  

101-5 

1,691 

327 

i,3^H 

8rj 

Ferrous  carbide,  C burnt  to  CO 

/ 7'7 

1,295 

217 

1,078 

83 

Carbon  burnt  to  CO 

29-4 

2,450 

2,262 

188 

8 

Manganese  carbide,  carbon  burnt  to  CO 

37-« 

478 

638  ■ 

— 160 

—33 

Ferrous  phosphide  

86-6 

1,305 

3«4 

921 

70 

Metallic  iron 

69-0 

1,232 

886 

7 r 

reduces  part  of  the  magnetic  oxide  formed  by 
the  blast,  and  carbon  monoxide  is  evolved 
according  to  equations  (3)  and  (10) — 

(10.)  4 FeaC  + FesOi  = 15  Fe  + 4 CO  + 

270-8  [315.2  — 270]  = 44-4 

There  being  a deficiency  of  reducing  sub- 
stances present,  the  magnetic  oxide  diffuses 
itself  through  the  metal. 

Now  Professor  Ponthiere  draws  an  important 
conclusion  that  from  the  low  calorific  power  of 
manganese  carbide,  it  possesses  great  stability, 
which  explains  why  it  is  not,  as  he  states, 
attacked  except  indirectly  in  the  first  instance, 
and  why  highly  magniferous  iron  can  be  treated 
without  final  additions.  We  now  can  under- 
stand that  the  Swedish  direct  process  differs 
from  the  ordinary  acid  and  basic  processes  by 
a considerable  proportion  of  manganese  carbide 
being  unacted  on  all  through  the  blow,  and 
which  so  renders  unnecessary  any  final  addition 
of  metal  containing  this  substance. 

In  the  basic  process,  the  phosphorus,  which 
at  the  end  of  the  blow  is  entirely  in  the  form  of 
ferrous  phosphide,  adds  two  sources  of  heat 
during  the  “ over-blow  ” by  the  combustion  of 
Fe;}P  to  FeaPaO^,  and  the  action  of  this  upon 
lime  gives  Ca3P20«=  (-f-  921  heat-units).  The 
total  effect  of  the  oxidation  of  ferrous  phos- 
phide into  ferrous  phosphate,  and  the  action 
of  lime  upon  this,  is  to  give  a strikingly 
exothermic  reaction.  This  is  the  cause  of  the 
heating  effect. 

Finally,  when  manganese  alloy  (spiegeleisen  I 


or  ferromanganese)  is  added,  the  FcsOi  is 
reduced  to  FeO,  when  it  combines  with  any 
free  SiO->,  at  the  same  time  MnO  is  produced, 
and  this  oxidation  causes  the  last  evolution  of 
heat  (provided  the  matter  added  is  in  the  fused 
state).  In  this  instance,  therefore,  it  should 
be  spiegeleisen.  This  recarburiser  lowers  the 
melting-point  of  the  metal  in  the  bath,  and  so 
increases  its  fluidity.  At  the  same  time  it 
. increases  its  temperature  by  the  oxidation  of 
the  carbon  or  the  manganese.  This  explains 
Le  Chatelier’s  measurement  of  the  temperature 
of  basic  steel  in  the  ladle  from  a Robert  con- 
verter (this  was  probably  from  basic  treatment, 
but  this  is  not  stated)  giving  a higher  tem- 
perature than  that  of  the  metal  in  the  converter 
itself.  (See  Lecture  I.,  p.  717.) 

The  Acid  and  the  Basic  Processes 
Compared. 

In  the  acid  process,  the  high  per-centage  of 
silicon  and  the  absence  of  any  lime  causes  the 
first  stage  to  be  very  hot ; in  fact,  it  is  difficult 
with  large  charges  and  rapid  blowing  to  keep 
the  temperature  down.  As  Professor  Ponthiere 
states,  the  metal  is  much  hotter  than  in  the 
basic  converter.  The  temperature  is  main- 
tained until  the  last  half  minute  of  the  blow. 

In  the  basic  process,  whatever  the  heat 
evolved  by  the  blow,  much  is  taken  up  by  the 
lime,  but  the  temperature  towards  the  end  of 
the  blow  increases,  owing  to  the  oxidation  of 
the  ferrous  phosphide  and  its  union  with  the 
lime,  which  evolves  a large  amount  of  heat, 
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but  this  may  be  absorbed  by  an  abundance  of 
slag',  and  the  temperature  may  be  so  reduced 
as  to  necessitate  the  addition  of  phosphoric 
slag  when  it  rises  again.  In  this  case  the 
phosphate  must  undergo,  ist,  reduction  in 
the  bath,  and,  2ndly,  oxidation  by  the  blast. 
In  point  of  fact,  the  more  phosphorus  the 
hotter  the  bath  in  the  “basic,”  whereas  in 
the  “ acid  ” process  the  more  silicon  the  hotter 
the  bath. 

Recarburisation  in  the  basic  process  may  be 
made  without  large  additions  of  manganese  by 
the  use  of  coke  or  briquettes,  which  dissolves 
in  the  metal  and  hardens  it  ; which  with  the 
high  temperature  prevailing  can  reduce  the 
FcaOi  as  far  as  FeO,  thus — 

FesOi  + C = CO  + 3 FeO 

270-8  29-4  3x60  =-34-4. 

Dealing  with  a comparison  of  the  Bessemer 
with  the  refining  process,  it  is  remarked  by 
Professor  Ponthiere  that  there  is  in  both  an 
absence  of  basic  slag  and  a strongly  oxidising 
atmosphere,  with  the  result  that  silicon  is  almost 
the  only  substance  eliminated,  for  manganese 
was  very  seldom  present  in  the  metal  refined. 
The  slag  then  consisted  of  ferrous  silicate. 

Rigorous  exactitude  in  the  calculations 
dealing  with  such  complex  materials  as  pig- 
iron  and  slags  formed  therefrom  consisting 
largely  of  silicates  of  manganese  and  iron 
cannot  at  the  present  time  be  attained  or  even 
expected,  because  in  the  pig-iron  our  know- 
ledge of  the  compounds  in  which  the  elements 
exist  is  not  exact,  and  the  thermo-chemistry  of 
the  formation  of  silicates  is  something  altogether 
unknown  at  present.  Even  the  specific  heat  of 
the  slag  is  not  known,  and  many  other  data  are 
wanting.  When  we  know  our  shortcomings 
there  is  some  probability  of  improvement  or 
advancement  of  our  knowledge. 

Investigations  of  the  Spectra  of  the 
Bessemer  Flame. 

The  flame  issuing  from  the  mouth  of  a 
Bessemer  converter  was  first  investigated  by 
Sir  Henry  Roscoe*  in  1863  ; by  Lielegg,t  and 
by  Marshall  Watts  in  1867  by  Turner,§ 
J.  M.  Silliman,  Rowan, j]  Von  Lichtenfels,^ 

* “ Manchester  Literary  and  Philosophical  Society’s  Pro- 
ceedings,” vol.  iii.,  p.  57,  and  “ Philosophical  Magazine,” 
vol.  xxxiv.,  p.  437. 

t ” Sitzungsberichte  Kaiserl.  Akadeinie  der  Wissens- 
chaftcn,  AVien,”  vol.  Ixi.,  part  ii.  - . 

X “Philosophical  Magazine,”  vol.  xxxiv.,  p.  437. 

\ “Dingler’s  Polytechnisches  Journal,”  vol.  clxxviii., 
p.  465. 

II  “ Philosophical  Magazine,”  vol.  xli.,  p.  i. 

II  “Dingler’s  Polytechnisches  Journal,”  vol.  cxci.,  p.  213, 


Spear  Parker,*  Kupelwieser,t  Brunner,:};  and 
Wedding  in  1868  ;§  also  by  A.  Greiner  in  1874. || 

When  I first  attacked  this  subject,  the  pre- 
cise nature  of  the  spectrum,  the  cause  of  its 
production,  its  sudden  disappearance  when 
decarburisation  of  the  metal  takes  place,  and 
the  connection  between  the  decarburisation 
of  the  metal  and  the  extinction  of  the  spectrum, 
had  not  been  satisfactorily  explained.  Accord- 
ing to  Roscoe,  Lielegg,  Kupelwieser,  and 
Spear  Parker,  the  spectrum  was  characterised 
by  bands  of  carbon  or  of  carbon  monoxide, 
which  disappeared  when  all  carbon  is  burnt 
out  of  the  metal. 

On  the  other  hand,  according  to  the  in- 
vestigations of  Simmler,^  Brunner,  Von  Lich- 
tenfels,  and  Wedding,  the  spectrum  was  not 
due  to  carbon  (Roscoe)  or  to  carbon  mon- 
oxide (Lielegg  and  Kupelwieser),  but  to 
manganese  and  other  elements  in  the  pig-iron. 

The  very  careful  work  of  Dr.  Marshall 
Watts,  led  to  the  belief  that  it  was  not  the 
spectrum  of  carbon,  nor  of  manganese,  but 
that  of  manganic  oxide.  Lielegg  proved  that 
carbon  monoxide  yields  a continuous  spectrum, 
and  that  this  gas  causes  the  continuous  bright 
spectrum  of  the  Bessemer  flame  ; but  he  also 
attributed  certain  lines  or  bands  to  the  high 
temperature  of  carbon  monoxide.  Marshall 
Watts  first  established  the  fact  that  six  lines 
in  the  spectrum  of  iron  were  present  in  the 
Bessemer  spectrum.  In  1874  Greiner**  ob- 
served in  the  flame  from  highly  manganiferous 
pig-iron  the  spectrum  of  manganese  as  figured 
by  Wedding. 

In  1882  I devised  the  instrument  you  see  upon 
the  table  ; it  is  a modification  of  that  described 
in  the  “ Scientific  Proceedings  of  the  Royal 
Dublin  Society,”  vol.  iii.,  p.  23,  new  series, 
1881  (see  also  “ Thorpe’s  Dictionary  of 
Applied  Chemistry,”  Spectroscope).  This  was 
intended  to  meet  the  requirements  of  a series 
of  observations  to  be  made  at  steel  works, 
particularly  for  studying  the  spectra  of  flames 
and  the  heated  gases  of  open-hearth  furnaces. 
It  was  desirable  that  it  should  give  a fair 
amount  of  dispersion  at  the  less  refrangible 
end  or  the  spectrum,  and  be  rigid  and  port- 
able. A train  of  four  quartz  prisms,  in  con- 

* “Chemical  News,”  vol.  xxiii.,  p.  25. 

t “ Oesterreichische  Zeitschrift  fur  Berg-  und  Hiittcn- 
wesen,”  No.  8,  p.  59,  1868. 

+ “ Loc.  cit.,”  No.  29,  p.  227,  1868. 

? “Zeitschrift  fiir  das  Berg-,  Hiitten-  und  Salinenwesen 
im  preussischen  Staate,”  vol.  xxvii.,  p.  117,  1869. 

II  “ Revue  Universelle  des  Mines,”  vol.  xxxv.,  p.  623. 

H “Zeitschrift  fur  Analytische  Chemie,”  1862. 

**  “ Revue  Universelle  des  Mines,”  vol.  xxxv.,  p.  623,  1874 
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struction  similar  to  those  first  used  by  Cornu 
and  by  L.  Soret,  was  at  first  arranged  on  a 
table  and  stand  made  entirely  of  wood,  to 
which  a camera  was  fitted,  with  a rack  and 
pinion  movement  to  the  frame  holding  the  dark 
slide,  so  that  as  many  as  thirty  spectra  could 
be  photographed  on  one  plate.  Various  trials 
with  this  mounting  showed  that,  owing  to  the 
stand  being  too  light,  the  instrument  was  un- 
steady. Instead  of  four  quartz  prisms,  a single 
prism  of  calcite  may  be  employed  if  the  sur- 
faces are  well  protected  from  dust ; but  though 
this  simplifies  the  instrument,  the  stand  for  it 
must  still  be  massive.  In  1887  the  quartz  train 
was  mounted  on  a heavy  iron  tripod  stand.  The 
prism  table  is  fixed  to  The  pillar  of  the  stand 
by  a winged  screw-joint  and  counterpoised,  so 
that  it  could  be  placed  in  almost  any  required 
position.  The  camera  is  of  metal,  with  an 
eye-piece  behind  the  frame  for  the  dark  slide, 
so  as  to  make  it  available  for  observations  with 
the  eye,  for  which  it  is  peculiarly  well  adapted, 
owing  to  the  observer  having  the  flame  behind 
him,  and  therefore  he  is  not  embarrassed  by 
the  glare.  It  has,  however,  not  been  used  for 
this  purpose,  because  photography  is  prefer- 
able to  eye  observations.  In  the  circular  box 
at  the  end  of  the  camera,  the  dark  slide  can 
be  fixed  at  any  angle,  as  it  is  rotated  by  means 
of  a toothed  wheel.  The  collimator,  and  tele- 
scope or  camera,  are  marked  with  a scale  of 
millimetres  on  the  draw-tubes,  so  that  both 
the  slit  and  photographic  plate  may  be 

drawn  out  so  as  to  be  equidistant  from  the 
lenses  for  the  purpose  of  focussing  correctly. 
The  camera  can  be  clamped,  and  its 

exact  position  determined  by  means  of 
a divided  arc  on  the  prism  table.  The 
prisms  move  automatically  with  the  camera, 
in  order  to  secure  the  minimum  angle  of 

deviation  for  the  mean  rays  photographed. 

A brass  rod  in  front  of  the  slit,  and  fixed 
to  the  prism  table,  carries  a condensing  lens 
of  three  inches  focus.  Sometimes  two  cylin- 
drical lenses  were  used,  this  being  the  form  of 
condenser  used  by  V.  Schumann  with  excellent 
results  as  regards  definition,  but  in  the  case  of 
Bessemer  spectra  it  was  more  convenient  to  use 
one  spherical  lens  of  quartz.  With  the  usual 
form  of  condensing  lens  an  image  of  the  flame 
was  projected  upon  the  slit,  sometimes  the  flame 
was  in  the  same  vertical  line  with  the  slit,  and 
sometimes  placed  diagonally.  This  depended 
very  much  upon  the  position  of  the  converter 
and  the  consequent  size  of  the  image.  The  slit 
plate  was  covered  with  a thin  plate  of  quartz  to 
exclude  dust  and  dirt.  This  detail,  though 


only  a small  matter,  is  of  considerable  import- 
ance, as  will  be  understood  when  I state  that  the 
instrument  once  became  covered  with  powdered 
lime  to  a thickness  of  half-an-inch,  when  a 
photograph  was  being  taken,  but,  by  wiping 
the  quartz  plate,  no  int(,*rruption  occurn-d  in 
taking  a series  of  photographs.  A metal 
plate,  with  a V-shaj)ed  piece  cut  out  of  one 
end,  slides  over  th(;  window  of  fjuartz,  and 
serves  to  shorten  or  lengthen  the  slit,  and 
secure  a greater  or  smaller  number  of  spectra 
on  one  photographic  plate.  In  som(;  cases,  a 
photograph  was  taken  every  half-minute,  from 
the  commencement  to  the  termination  of  th<; 
“ blow.”  This  could  be  accomplished  only  by 
the  use  of  such  a contrivance,  as  the  plates 
measured  no  more  than  3 by  2.]  inches. 

To  focus  the  instrument,  various  photographs 
of  sun-spectra  were  taken,  and  the  positions 
of  the  different  adjustable  parts  were  recorded. 
In  order  to  render  the  instrument  portable,  a 
case  was  constructed  for  carrying  the  prism 
table,  prisms,  collimator,  and  camera,  without 
disarranging  the  adjustment  of  the  instrument. 
A winged  screw,  when  loosened,  enabled  the 
whole  to  be  detached  from  the  vertical  pillar 
of  the  tripod,  the  counterpoise,  of  course, 
having  been  detached  previously.  The  prism 
table  was  then  fastened  in  its  case.  A second 
case  carried  the  tripod,  counterpoise,  chemicals, 
and  developing  dishes.  This  case  when  empty 
had  a square  frame  of  wood  which  fitted  into 
the  top  when  the  lid  was  open.  The  frame 
was  covered  with  waterproof  cloth  lined  with 
yellow  calico.  In  the  cloth  were  arm-holes 
and  sleeves  fitted  with  elastic,  which  came 
half  way  up  to  the  elbows.  The  developing 
dishes  and  measured  quantities  of  solution 
were  placed  ready  in  the  box  before  operating, 
and  the  dark  slide  could  be  opened,  the  plate 
removed  and  placed  in  the  developer,  while 
during  development  a new  plate  could  be  put 
into  the  slide.  Development  was  always 
allowed  to  proceed  for  a given  period  of  two 
minutes,  which  previous  experiment  had  proved 
to  be  sufficient.  During  the  progress  of  de- 
velopment the  dish  was  covered  with  an  ebonite 
tray  to  exclude  any  possibility  of  light  reaching 
the  photographic  plate.  By  such  means  the 
plates  are  developed  and  fixed  without  the  use 
of  a dark  room,  but  it  is,  of  course,  essential 
that  the  hands  are  not  withdrawn  from  the  box 
before  the  development  is  concluded. 

Having  given  you  a slight  outline  of  the 
history  of  the  subject  and  a description  of  the 
instrument  used,  I may  mention  that  for  some 
years  prior  to  visiting  the  Bessemer  works  the 
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spectra  of  gases  in  combustion,  of  metals,  and 
of  metallic  oxides,  were  being  carefully  studied. 

Gases. — Hydro-carbons  show  the  band«pec- 
trum  which  is  well-known,  also  the  spectrum 
of  water- vapour  lines.  Carbon  monoxide  was 
proved  to  give  nothing  beyond  a continuous 
spectrum  when  perfectly  uncontaminated  by 
any  other  material,  such  as  dust  in  the  air. 
Metals  and  Non-metallic  Elements — 

The  following  characteristic  flame  spectra  are 
emitted  at  high  temperatures  : — • 

I.  Line  spectra. — Lithium, thallium, nickel, 
cobalt. 

II.  Banded  spectra. — Antimony,  bismuth, 
gold,  tin,  sulphur,  selenium. 

III.  Banded  spectra  with  lines. — Copper, 
iron,  manganese,  tellurium,  lead,  and 
silver. 

IV.  More  or  less  continuous  spectra  with 
lines. — Sodium,  potassium,  magne- 
sium, chromium,  cadmium. 

V.  A continuous  spectrum. — Solid  carbon. 
Compounds — ■ 

VI.  The  alkaline  earths,  carbonates,  and 
sulphates  emit  beautiful  spectra  of 
bands  with  lines.  The  oxides  of  the 
heavy  metals  such  as  iron,  manganese, 
chromium,  also  behave  in  a similar 
manner.  The  bands  of  magnesium 
oxide  and  of  manganese  oxide  are 
quite  remarkable.  Phosphoric  anhy- 
dride emits  a spectrum  of  a con- 
tinuous band  of  rays  with  what  appear 
to  be  very  faint  lines  overlapping  it. 
These  are  probably  feeble  indications 
of  the  edges  of  bands  in  the  spectrum. 

The  spectrum  of  the  Bessemer  blow  may 
best  be  studied  with  the  aid  of  photographs  : — 

I St.  By  observing  the  spectrum  as  a whole, 
that  is  to  say  from  the  commencement 
to  the  termination  of  the  blow. 

2nd.  By  dividing  the  observations  into 
definite  periods,  such  as  the  slag 
forming,  the  boil,  and  the  fining 
stage. 

3rd.  By  dividing  the  long  periods  into  shorter 
ones  and  studying  the  differences  be- 
tween them. 

The  first  series  of  spectra  ever  photographed 
from  the  blow  was  shown  upon  the  screen 
(Fig.  15)  ; then  the  second  series  giving — [a) 
the  spectrum  during  the  slag  period ; {tj)  the 
spectrum  during  the  boil ; (c)  that  of  the  fining 
stage  ; and  {d)  the  spectrum  of  the  blaze  seen 
when  spiegeleisen  is  added,  was  also  shown 
(Fig.  16). 

The  slag  period  shows  little  or  nothing 


beyond  a slight  continuous  spectrum.  Then 
the  sodium  yellow  lines,  the  red  lithium,  and 
the  red  potassium  lines  become  visible.  After 
that  bands  appear  in  the  green  more  or  less 
degraded  towards  the  red,  and  stronger  the 
more  manganese  is  present. 

Half-way  between  the  ends  of  the  spectrum  is 
a strong  group  of  lines  which  divide  those  to 
the  left  hand  which  are  visible  to  the  eye  from 
those  on  the  right,  the  ultra-violet  which  are 
invisible.  Observe  how  the  bands  increase  in 
strength  as  the  boil  proceeds,  and  how  much 
stronger  they  become  until  nearly  the  time 
when  the  flame  drops  they  begin  to  fade.  The 
same  is  to  be  observed  also  with  the  lines, 
which  in  the  ultra-violet  are  nearly  all  due  to 
iron.  As  to  the  blaze  of  spiegeleisen  at  the 
finish  you  will  see  that  lines  of  manganese  and 
potassium  in  the  centre  of  the  spectrum  are 
exhibited,  and  there  is  either  nothing  more,  or 
only  one  or  two  weak  bands  of  manganese  m 
the  yellowish  green  region  on  the  left. 

Taking  a whole  blow  from  beginning  to  end 
in  two  minute  periods,  or  half  minute  periods, 
we  see  precisely  the  same  phenomena,  increase 
of  temperature  in  the  progress  of  the  boil,  with 
increased  number  and  intensity  of  the  lines 
and  bands. 

Spectra  however  differ  not  only  with  the 
metal  blown  in  different  works,  but  even  with 
the  same  metal  during  different  blow's,  accord- 
ing to  the  composition  in  the  first  case,  and  to 
the  temperature  in  the  second.  But  besides 
these  variations  there  are  certain  broad  facts 
which  call  for  explanation.  First,  w'hat  is  the 
nature  of  the  flame  ? In  the  first,  or  slag- 
forming period,  as  we  have  seen,  the  silicon 
united  with  the  manganese  is  oxidised  to  a 
manganese  silicate,  and  carbon  in  the  metallic 
carbides  is  oxidised  to  carbon  dioxide,  hence 
either  no  flame  or  very  little. 

In  the  “boil”  wLen  iron  is  being  burnt  to 
Fe304,  and  then  reduced  by  the  action  of  FesC 
(ferrous  carbide),  the  carbon  monoxide  gas  is 
evolved  from  the  bath  of  metal,  and  it  comes 
off  violently,  its  evolution  causes  what  is 
apparently  violent  ebullition,  and  the  metal  is 
at  a high  temperature  from  the  heat  developed 
by  the  burning  of  the  silicon,  which  does  not 
pass  away  like  a gas,  and  so  carry  off  its  heat. 

Now  the  carbon  monoxide  rushing  from  the 
converter  is  hot,  and  thus  catches  fire  in  the 
air ; along  with  the  carbon  monoxide  gas  the 
vapours  of  manganese  and  iron  are  present, 
and  these,  which  are  carried  out  of  the  vessel 
in  the  reducing  atmosphere  of  gas,  burn  to 
oxides.  It  must  be  mentioned  that  at  a high 
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Fig.  15. 


Seven  Spectra  taken  at  intervals  of  two  minutes  during  the  whole  course  of  a “plow.” 

In  the  first  or  slag  period,  the  lines  of  maganese  are  alone  visible.  In  the  second,  the  lines  and  some  bands  of  mangan.  se 
and  the  yellow  line  of  sodium  are  visible.  After  the  second  period,  the  change  in  the  spectra,  caused  by  rise  of  tempera- 
ture is  readily  seen,  the  lines  of  iron  and  the  bands  of  manganese  become  more  numerous. 


Fig.  16. 


Spectrum  during  (i)  the  Slag  Period;  (2)  the  “Boil;”  (3)  the  Blaze  of  Spiegeleisfn. 


•f;-; 


1 


p ■ - ^ ’ - i:  X " " ■ 4^~*  ■*  * - ' 

r“;’  ^ 'V.TkV.5V^  V ;h 

t^t-  • ' 


... 


*“  ■ '■*#•;■  •■  I , 

*•  -)»r»J»».m/  '-ff^.f^  -^J  t^n. 

.'./t  . ■ ■'  : 


^r:' 

_ - . . •t  -..  /i;,  TV.  * W - - -^  * 


4?C(^ 


■^^n--' "’  -^^-^oir:''  S'AU'X'*- 


«e'  , 


v'ri;  -t 


rjc'-L  r_ 


-r.  . r'v™i;i^‘;i!:'.-  . iiBrIf  •'■'  -^': — : - 

,.;  :,4%j-r7;,t  ft;  --j«.«W.,.rrH  ;^i,;iv^  fe'it"; 

■r :--  ".;•;  - s.  ''‘-J^  -u'zM-  ■'- 


July  22,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


743 


temperature,  and  in  presence  of  metallic  iron, 
Sir  I.  Lowthian  Bell  has  shown  that  carbon 
monoxide  is  a more  stable  substance  than  the 
dioxide. 

In  the  third  or  “firing  stage,”  the  last 
portions  of  the  impurities  are  removed,  such  as 
carbon  and  manganese,  and  the  flame  gets 
more  transparent,  it  carries  less  of  the  metallic 
vapour,  and  finally  drops  within  the  vessel.  It 
shows  diminished  intensity  if  the  lines  in  the 
spectrum  are  observed,  for  they  are  shorter 
and  less  strong,  as  well  as  less  numerous. 

When  a converter  is  being  turned  down,  the 
oxygen  from  the  twyers  burns  the  metallic 
vapours  within  the  vessel  and  blows  them  out 
as  a dense  cloud  of  oxides.  A similar  action 
somewhat  prolonged  is  seen  in  the  over-blow 
of  the  basic  process. 

An  illustration  of  this  was  shown,  being  a 
photograph  of  an  actual  blow  taken  instan- 
taneously. It  would  take  too  long  to  enter 
into  particulars  of  different  spectra  observed, 
but  the  following  summary  may  be  taken  as  a 
general  description  ; — ■ 

During  the  first  period.— Slag-forming. 

The  lines  of  the  alkali  metals,  sodium,  potassium , 
and  lithiuiH,  are  seen  unreversed  on  a bright  con- 
tinuous  spectrum  of  carbon  monoxide.  The  C line  of 
hydrogen,  and  apparently  the  F line,  Avere  once  seen 
reversed  during  a snowstorm. 

During  the  second  period. — The  “ boil.'’’ 

Bands  of  manganese  are  prominent,  overlying  the 
continuous  spectrum  of  carbon  monoxide.  There  are 
lines  of  carbon,  ynan ganese , and  iro?i ; also  those  of 
the  alkali  metals. 

During  the  thh'd  period. — The  fin  mg  stage." 

The  spectrum  is  the  same  as  the  foregoing,  but  the 
lines  of  iron  are  not  so  strong  and  not  quite  so  Avell 
defined.  Some  of  the  short  lines  disappear.  The 
lines  of  the  alkali  metals  are  visible. 

The  curves  reduced  from  Kupelwieser’s 
analyses  may  here  be  referred  to  because  they 
deal  with  a highly  manganiferous  iron  contain- 
ing much  carbon  and  silicon.  Here  we  have 
manganese  oxidised  from  the  first  at  a low 
temperature  comparatively ; the  silicon  is  also 
oxidised  and  a slag  is  formed.  The  combined 
carbon,  the  silicon,  and  the  manganese  are 
oxidised  together  during  the  “boil,”  when 
the  temperature  rapidly  rises,  that  is  to  say 
manganese  carbide  and  silicide  are  being  oxi- 
dised, not  from  carbon  or  free  silicon,  hence 
both  in  the  slag-forming  period  and  during  the 
“boil”  it  appears  as  if  these  elements  were 
being  oxidised  side  by  side,  and  at  the  same 
rate.  The  rise  of  temperature  is  rapid  and  the 
effect  of  this  is  to  volatilise  both  manganese 


and  iron,  and  the  gas  of  the  converter  consti- 
tuting a hot  reducing  atmosphere  carries  the 
metallic  vapours  out  of  the  converter,  so  that 
they  are  burnt  in  air  along  with  the  carbonic 
oxide.  Towards  the  close  of  the  “ fining 
stage  ” the  manganese  in  the  fume  is  reduce.'! 
in  quantity  and  the  iron  is  increased  ; accord- 
ingly in  photographs  of  the  spectra  at  this 
stage  the  manganese  bands  and  lines  diminish, 
and  the  iron  lines  increase  in  intensity.  Sud- 
denly the  iron  spectrum  also  becomes  rnfirebled 
and  the  “blow”  is  stojiped.  Without  doubt 
at  this  point  there  is  a very  rapid  diminution 
of  temperature  in  the  flame  and  in  the  bath, 
because  the  only  combustible  material  left  i . 
iron,  and  its  heat  of  combination  is  compara- 
tively small. 

The  Bessemer  flame  is  not  the  result  of  com- 
bustible gases  and  vapours  being  mixed  with 
oxygen  and  burning  within  the  converter,  and 
thus,  in  a state  of  combustion,  issuing  into  the 
air  ; but,  on  tin;  contrary,  it  is  carboni<*  oxide 
mixed  w’ith  metallic  vapours  at  an  exceedingly 
high  temperature  burning  outside  the  converter 
in  a cold  atmosphere.  To  imagine  that  com- 
plete combustion  takes  place  within  the  con- 
verter would  be  quite  erroneous. 

In  the  over-blow  or  phosphorus  period  we 
have  combustion  taking  place  inside  the  con- 
verter, a flame  extends  outside,  and  a dense  and 
copious  fume  arises  from  the  oxidation  of  the 
iron. 

The  number  of  lines  and  bands  belonging  to 
iron  and  manganese  which  have  been  photo- 
graphed in  the  Bessemer  flame  indicate  that 
the  temperature  must  be  a near  approach  to 
that  of  the  oxyhydrogen  blow-pipe  flame,  if 
indeed  it  does  not  generally  exceed  it. 

The  parallel  columns  below  show  the  number 
of  lines  observed  in  the  spectra  of  the  respec- 
tive substances  under  different  conditions  : — 

Carbon  monoxtJf  burnt 
ivith  o.xyi^rn. 

CO  spertrum.*  16  linos  .in<l 
oilfTos  of  banils  itiio  to  carbon. 
Exposure  60  minutes. 

O.yy/iyi/ivxn  b/rrr-^//y 
flame. 

^tn  spectrum,  pure  metal, 
103  lines  .iml  edges  of  bands. 

Ee  spectrum,  92  lines.  Ex- 
posure from  15  to  30  minutes. 


* I have,  more  recently  proved  that  the  spectrum  of 
carbon  monoxide  is  a continuous  band  of  rays,  the  lines  and 
edges  of  bands  sometimes  seen  in  the  spectrum  are  due  to 
other  carbon  compounds  or  to  carbon  itself  which  is  blown 
into  the  flame. — "W.X.H. 


Bessenicr  flame.  j 

CO  spectrum,*  8 lines  and 
edges  of  bands  due  to  carbon.  ^ 
Exposure  ij  to  3 minutes.  1 


iMn  spectrum,  73  lines  and  j 
edges  of  bands.  Exposure  I 1 
to  3 minutes. 

E'e  spectrum,  92  lines.  Eix- 
posure  J to  3 minutes. 


744 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


iJnly  22,  l8f)8. 


The  temperature  is  to  be  judged  by  the  iron 
lines,  because  there  is  a smaller  difference  in 
the  proportion  of  this  metal  present  in  the  two 
cases  than  in  the  case  of  the  carbonic  oxide 
and  manganese. 

There  is  one  point  which  remains  to  be  ex- 
plained, namely,  the  fact  that  the  spectrum  of 
manganese  appears  at  times  at  the  edge  of 
the  flame  only  where  it  touches  the  mouth 
of  the  vessels.  The  spectrum  of  manganese 
has  been  observed  when  there  was  no  metal 
contained  in  it,  but  an  old  converter  was 
being  simply  warmed  with  coke  placed  inside 
it,  which  was  being  burnt  by  the  blast.  A 
new  converter  in  the  same  circumstances 
gave  no  indication  of  manganese.*  This  is 
owing  to  the  fact  that  manganese  is  easily 
volatilised  from  the  slag  in  sufficient  quantity 
to  colour  the  flame,  just  as  potassium,  lithium 
and  sodium  are.  Accordingly  by  heating  a 
piece  of  Bessemer  slag  in  the  oxyhydrogen 
blow-pipe  the  yellowish  green  flame  of  man- 
ganese is  strongly,  even  intensely,  visible.  The 
mouth  of  an  old  converter  is  thickly  coated 
with  slag,  and  the  flame  volatilises  the  man- 
ganese from  it. 

But  a few  words  more  on  this  subject ; you 
will  see  in  what  a very  simple  manner  the 
spectra  of  most  mineral  substances  are  ob- 
tained. I take  one  gramme  weight  of  strontium 
carbonate,  barium  sulphate,  ferromanganese, 
manganese  sulphate,  or  copper  oxide,  and  by 
cutting  an  ashless  filter  paper  in  two  I.  divide 
the  gramme  between  the  two  pieces  and  roll 
them  up  tightly  into  the  thickness  of  a quill, 
the  mineral  being  inside  the  roll.  By  burning 
them  in  the  oxyhydrogen  flame  an  intensely 
brilliant  colour  is  seen  in  each  case  from  which 
a photograph  can  be  taken  of  the  spectrum 
of  each  substance.  In  our  search  after  the 
origin  of  certain  lines  seen  in  seventy  spectra 
of  the  “basic  blow”  photographed  at  the 
North  Eastern  Company’s  Steel  Works  at 
Middlesbrough,  Mr.  Ramage  and  I made  use 
of  this  method  to  analyse  the  metal,  ore,  and 
limestone.  The  lines  in  question  were  identified 
in  the  steel  rails,  the  blast-furnace  iron,  and  in 
the  ore.  They  were  absent  from  the  fuel  and 
the  basic  material. 

The  lines  in  question  belong  to  the  metals 
potassium,  rubidium,  calcium,  gallium,  lead, 
copper,  and  silver.  We  next  examined  a 
hundred  and  ninety  iron  ores,  and  found  these 
elements  of  very  frequent  occurrence.  We 

* Hartley.  “ Flame  Spectra  at  High  Temperatures.” 
Parts  I.,  II.  and  III.  Phil.  Trans.,  vol.  185,  p.  161,  p.  1029, 
and  p.  1041.  1891. 


have  also  found  these  metals  in  meteoric  irons 
along  with  nickel  and  cobalt. 

It  is  a far  cry  from  the  blazing  mouth  of  a 
Bessemer  vessel  atMiddlesborough  to  the  centre 
of  the  solar  system,  nevertheless,  the  single  line 
of  gallium  recognised  in  the  spectrum  of  the 
flame  has  carried  us  thus  far,  and  within  the 
last  fortnight  we  have  concluded  from  experi- 
mental evidence  carried  out  with  very  perfect 
and  elaborate  instruments  that  gallium  is  an 
element  present  in’  the  sun.  This  of  course 
has  nothing  whatever  to  do  with  the  Bessemer 
process.* 

These  are  lectures  on  the  chemical  tech- 
nology of  a highly  technical  subject,  but  let 
me  add  that  technical  problems  are  nothing 
more  than  highly  scientific  problems,  the  solu- 
tions of  which  are  directed  and  circumscribed 
by  economic  exigencies  and  commercial  con- 
siderations. Look  at  the  matter  in  what  light 
you  may,  no  real  advance  can  be  made  if 
enormous  manufacturing  operations  are  con- 
ducted empirically  and  without  the  aid  of 
scientific  research. f 


Corrections. — Page  724,  Table  of  “ Heat  of 
Formation  of  Compounds,”  line  for  Mn3  (precipi- 
tated) read  MnS  (precipitated) ; line  16,  for  Ca.SiO'.; 
read  CaSiOg 


Correspondence. 

^ 

PARLIAMENTARY  RETURN  OF 
SECONDARY  AND  OTHER  SCHOOLS. 

Mr.  Brereton  entirely  changes  his  line  of  attack. 
A fortnight  ago  he  told  your  readers  that  Mr.  Sadler’s 
return  excluded  “ technical  ” schools.  I pioved  that 
as  the  50  schools  founded  under  the  Technical  In- 
struction Acts  were  included  “in  the  pale,”  it  did 
nothing  of  the  sort  in  any  legal  sense.  He  now  says 
it  is  the  law  which  is  wrong.  This  is  of  course  a 
matter  of  opinion.  But  the  legal  definition  of  Tech- 
nical Education  as  covering  these  Secondary  Schools 
was  good  enough  for  the  late  Royal  Commission,  for 
the  authors  of  the  Welsh  Intermediate  Education 
Act,  and  for  her  Majesty’s  Government  in  their  Bill 
of  1896.  Hence  I fear  it  must  suffice  for  myself  and 
others  with  practical  experience  in  organising  English 
Secondary  Education. 

H.  Macan. 

* Paper  read  March  i6th,  1898.  “ A Determination  of  the 

Wave-lengths  of  the  Principal  Lines  in  the  Spectrum  of 
Gallium,  showing  their  identity  with  two  lines  in  the  Solar 
Spectrum.”  By  W.  N.  Hartley,  F.R.S.,  and  Hugh  Ramage, 
A.R.C.Sc.I.,  Scientific  Trans.  Roy.  Dublin  Society,  vol.  vii., 
p.  I.  1898. 

t A list  of  memoirs  relating  to  the  Bessemer  process  will 
be  published  in  the  next  number  of  the  Journal. 
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Lecture  I. — Delivered  April  18,  1898. 


Introduction. 

India-rubber  and  gutta-percha  are  closel}^ 
allied  substances,  not  only  in  their  origin  but 
also  in  their  chemical  composition.  They  are 
both  obtained  from  the  latex  of  certain  plants, 
and  are  composed  wholly  of  carbon  and  hydro- 
gen. Their  similarity  however  ends  here.  The 
most  conspicuous  property  of  gutta-percha, 
as  shown  by  Dr.  Obach  in  the  interesting 
lectures  lately  delivered  before  this  Society,  is 
that  of  becoming  soft  and  plastic  on  immersion 
in  hot  water,  retaining  any  shape  then  given  to 
it  on  cooling  when  it  becomes  hard  and  rigid. 
Caoutchouc,  on  the  other  hand,  does  not  soften 
in  moderate  heat,  is  impervious  to  water, 
alcohol,  most  acids,  and  gases,  and  retains 
for  a long  period  its  original  elasticity  and 
strength.  Again,  gutta-percha  is  obtained 
only  from  large  trees  belonging  to  one  family 
of  plants,  the  Sapotacece,  confined  to  one  small 
portion  of  the  world’s  surface.  Caoutchouc,  on 
the  other  hand,  is  obtained  from  numerous 
families  of  plants,  and  these  are  distributed 
over  almost  every  part  of  the  tropical  regions. 
These  may  be  low  herbaceous  plants,  shrubby 
climbers,  small  trees  or  majestic  giants  of  the 
forest,  150  to  180  feet  high. 

About  eighteen  years  ago  six  lectures  on 
“ India-rubber  and  Gutta-percha  Industries  ’’ 
were  delivered  before  the  Society  of  Arts  by 
Mr.  Thomas  Bolas,  E.C.S.  {Journ.  Soc.  of 
Arts,  vol.  xxviii.  (1880),  pp.  753-813).  With 
the  exception  of  the  earlier  part  of  the  first, 
the  whole  of  these  interesting  lectures  was 


devoted  to  the  chemical  and  physical  properties 
of  rubber  and  to  the  various  processes  of  manu- 
facture adopted  in  this  country. 

As  indicated  in  the  title,  the  present  lectures 
will  cover  only  a limited  part  of  a very 
wide  subject.  In  fact  they  will  be  confined  to 
an  investigation  of  the  rubber  plants  now 
existing  in  various  parts  of  the  tro}>ics,  tlu-ir 
geographical  distribution,  the  conditions  iind.T 
which  they  grow,  and  the  prospects  th=*y  afford 
of  being  able  to  meet  the  increasing  de*mand 
for  rubber,  'fhis,  it  is  admitted,  is  a subj*-'  t of 
engrossing  interest  at  the  present  time. 

II  l.STOkV. 

'Die  first  record  of  india-rubber  was  made 
i soon  after  the  discovery  of  the  New  World  by 
j Columbus.  'I'he  Old  World  rubbers  were  still 
I unknown.  During  the  second  voyage  of 
Columbus,  it  was  noticed  that  the  inhabitants 
of  Hispaniola  (Hayti)  played  with  balls  made 
from  the  gum  of  a tree.  'I'his  was  just  400 
years  ago.  1'orquemada  mentions  for  the  first 
time  the  name  of  a rubber  tree,  d hat  was  the 
ule  tree  of  Mexico — the  tree  we  now  know  as 
Castilloa  elastica,  yielding  Central  American 
rubber.  It  is  a singular  fact  that  in  the  depths 
of  the  Guiana  forests,  in  the  remote  Indian 
villages  on  the  tributaries  of  the  Amazon,  and 
in  the  heart  of  Africa,  similar  rubber  balls  are 
still  being  used  to  play  with.  Often  it  is 
only  in  this  way  that  travellers  have  become 
acquainted  with  the  existence  of  rubber-yielding 
trees  in  the  vicinity. 

La  Condamine,  who  was  sent  in  1735,  bv  the 
Erench  Government  on  a scientific  mission  to 
Quito,  gave  the  first  accurate  information  con- 
cerning the  tree  yielding  the  Para  rubber  ; 
while  other  Erench  travellers,  Eresnau  and 
Aublet,  described  the  trees  yielding  caoutchouc 
in  the  forests  of  Erench  Guiana. 

India-rubber  was  not  known  in  any  part  of 
Asia  until  1798,  when  Howison,  a surgeon  at 
Prince  of  W'ales  Island,  discovered  the  plant 
we  now  know  as  Urccola  elastica.  Towards 
the  close  of  1810,  IMr.  Smith,  of  Sylhet,  enabled 
Roxburgh  to  trace  the  Assam  rubber  tree 
f'icus  elastica). 

The  use  of  rubber  for  articles  of  ilomestic 
utility  was  practised  by  the  natives  of  Central 
and  South  America,  and  by  the  tribes  in- 
habiting Assam,  long  before  it  was  known  to 
Juiropean  nations.  Ernst  states  that  the 
“ Cambibas,  a section  of  the  tribe  Amaguas 
on  the  Upper  Amazon,  used  rubber  juice  in  pre- 
Columbian  times  to  make  waterproof  vessels 
for  carrying  food  and  water,  giving  it  the 
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name  of  caucho,  no  doubt  the  original  of  our 
word  caoutchouc.”  Further,  it  is  related  that 
in  1755  the  King  of  Portugal,  Don  Jose, 
having  heard  of  the  wonderful  waterproof 
materials  used  by  the  Indians,  “sent  several 
pairs  of  his  Royal  boots  to  Para  in  order  that 
they  might  be  covered  with  rubber.”  The 
earliest  use  of  caoutchouc  or  elastic  gum  in 
this  country  was  for  rubbing  out  pencil  marks, 
hence  “ india-rubber.”  It  was,  however,  a 
mere  curiosity,  and  valued  at  the  end  of  the 
1 8th  century  at  3s.  the  cubic  half  inch. 

Although  used  in  moderate  quantities  in  the 
early  part  of  this  century  in  the  pure  state  for 
flexible  tubes  for  surgeons  and  chemists,  and 
afterwards  for  waterproofing  by  the  method 
applied  by  Charles  Macintosh,  it  was  not  until 
about  1874,  through  the  discovery  of  vulcanising 
rubber  by  the  admixture  of  sulphur  by  Good- 
year in  America  and  Thomas  Hancock  in  this 
country,  that  india-rubber  became  an  article 
in  extensive  use  in  the  arts  and  manufactures. 
Later  was  introduced  the  hard  vulcanised 
rubber,  termed  vulcanite  and  sometimes  ebo- 
nite. This  opened  up  a still  wider  field  of 
usefulness,  as  in  this  form  india-rubber  became 
a substitute  for  such  materials  as  horn,  bone, 
ivory,  and  jet. 

The  extensive  use  of  india-rubber  in  this 
country  has  almost  entirely  arisen  during  the 
Victorian  period.  The  rapid  progress  of  the 
rubber  industry  may  be  illustrated  by  the 
following  Table 

Imports  into  England, 


Year. 

Tons. 

1830  

1840  

1850  

381 

1870  

1879  

1888  

ON 

00 

It  will  be  noticed  that  while  about  the  time  of 
the  Queen’s  accession  the  imports  of  rubber 
into  this  country  were  only  about  200  tons, 
they  have  now  increased  to  a total  amount  of 
20,000  tons — exactly  a hundredfold. 

In  regard  to  the  gross  value  of  the  turn -over 
in  the  rubber  trade,  the  figures  for  the  year 


1896  are  as  follows 

Imports  of  raw  india-rubber 4,990,122 

Re-exports  2,643,782 


Export  of  manufactures  of  caoutchouc  1,261,774 
Total  trade. , . , ^8,895,678 


It  is  interesting  to  notice  that  of  the  total 
imports  into  the  United  Kingdom,  there  has 
been  during  the  last  eight  years  a very  con- 
siderable increase  in  the  quantity  of  rubber 
imported  from  British  possessions.  This  is 
illustrated  in  the  following  Table  : — 

Total  Imports  of  Caoutchouc  into  the  United  King- 
dom, distinguishing  between  those  from  Foreign 
Countries  and  British  Possessions. 


1888. 

1896. 

Tons. 

Value  £ 

Tons. 

Value  £ 

Foreign  countries 

8,509 

2,132,662 

15,465 

3,956,126 

British  possessions 

2,509 

422,679 

6,093 

1,031,996 

Total...  . 

11,018 

2,555,311 

21,558 

4,991,122 

Total  Trade. 

The  principal  European  countries  together 
with  the  United  States  of  America  at  present 
import  caoutchouc  to  the  following  approxi- 
mate amount  and  value  : — • 


Countries. 

Years. 

Quantity. 

Value. 

Great  Britain  .... 

1896 

Tons. 

21,558 

£ 

4,991,122 

France 

1896 

5.177 

1,111,256 

Germany 

1897 

8,436 

2,320,150 

Belgium 

1897 

2,236 

545.835 

Holland  

On 

00 

1,672 

141,667 

Austria-Hungary . 

00 

NO 

-a 

2,109 

81 1,415 

U.S.  America  . . 

00 

NO 
^ J 

18,821 

4.514.587 

Total 

60,009 

14.436,032 

The  world’s  consumption  of  raw  india-rubber 
may  therefore  be  placed  at  about  60,000  tons 
annually,  of  the  value  of  about  ;^i5,ooo,ooo 
sterling.  It  must  be  remembered,  however, 
that  a large  quantity  of  reclaimed  rubber  and 
artificial  substitutes  are  being  used,  and  that 
so-called  rubber  goods  may  contain  but  a small 
proportion  of  genuine  rubber. 

Uses  of  Rubber. 

It  is  needless  to  enlarge  upon  the  numerous 
purposes  for  which  india-rubber  is  now  utilised. 
Steam  power  everywhere,  whether  on  land  or 
sea,  requires  the  use  of  rubber  for  valves  and 
pumps,  for  hose  and  tubing  ; it  is  also  essential 
for  telegraphy  and  water-proofing,  life-saving 
apparatus,  surgical  instruments,  innumerable 
domestic  appliances,  the  manufacture  of  ebonite 
articles,  and  more  recently  in  the  extraordinary 
development  of  the  cycling  trade,  these  and 
like  services  ministering  to  the  daily  necessities 
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of  all  civilised  communities  demand  an  enor- 
mous supply  of  raw  india-rubber — in  fact  a 
large  proportion  of  the  arts  and  manufactures 
of  the  world  may  be  said  now  to  depend  on  the 
continued  supply  of  this  interesting  substance. 
It  can,  therefore,  be  imagined  that  owing  to 
the  increasing  demand  for  india-rubber  and  the 
enormous  number  of  uses  to  which  it  is  put  the 
question  of  securing  the  permanency  of  an 
adequate  supply  is  a very  important  one. 

It  has  been  suggested  that  owing  to  the  con- 
siderable destruction  of  rubber  trees  going  on 
in  various  parts  of  the  world  the  india-rubber 
industry  may  be  retarded  owing  to  the  scarcity 
of  the  raw  material.  The  great  and  growing 
use  for  india-rubber  has  evidently  stimulated 
the  rubber  collectors,  and  in  their  eagerness  to 
meet  the  demand  they  destroy  a great  number 
of  the  trees.  In  some  countries  this  has  un- 
doubtedly led  to  the  exhaustion  of  certain 
localities,  and  the  rubber  gatherers  have  to  go 
farther  inland  whereby  the  danger  to  life  and 
the  cost  of  transit  are  greatly  increased.  This 
is  probably  true  of  many  parts  of  Mexico  and 
Central  America,  and  also  of  the  East  and  West 
Coasts  of  Africa.  So  far  it  cannot  be  said  to  be 
tru  of  the  vast  Amazonian  region,  and  this  at 
present  produces  not  only  the  best  class  of 
rubber  but  more  than  one-third  of  the  world’s 
supply. 


Latex  in  Plants. 

The  rubber  milk  found  in  certain  plants  is 
an  aqueous  fluid  charged  with  soluble  sub- 
stances, in  which  float  minute  globules  of 
caoutchouc.  From  the  difference  of  the  re- 
fractive powers  of  these  two  substances  we 
have  the  milkiness  of  the  juice.  This  juice  is 
quite  distinct  from  the  sap.  It  is,  in  fact,  a 
secretion,  and  apparently  not  essential  to  the 
life  of  the  plant.  It  is  conceivable,  therefore, 
if  this  juice  were  removed  in  moderate  and 
regular  quantities,  without  seriously  wounding' 
the  tissues,  that  the  plant  would  not  materially 
suffer.  It  is  necessary,  however,  to  make  some 
incisions  to  obtain  a flow  of  milk.  What  is 
required  is  a process  whereby  the  largest 
quantity  of  milk  is  obtained  with  the  minimum 
amount  of  actual  injury  to  the  plant  itself. 

The  vessels  in  which  the  milk  or  latex  is 
contained  are  generally  found  in  the  inner 
layers  of  the  bark.  They  form  a complicated 
system  of  communicating  passages  filled  with 
latex ; they  are  most  abundant  in  the  older 
tissues,  and  gradually  spreading  to  the  leaves 
and  flowers.  Usually  in  such  plants  as  Mani- 
hot  and  Hevea  there  is  a scanty  system  of 


laticiferous  vessels  in  the  outer  bark,  but  they 
are  most  abundant  in  the  inner  bark  next  to 
the  cambium  region.  This  latter  circumstance 
accounts  for  the  injury  often  done  to  the  trees 
in  the  unskilful  attempts  made  to  reai  h the 
inner  laticiferous  vessels.  There  is  no  milk 
obtainable  from  the  wood.  'Ihere  is,  there- 
fore, no  advantage  in  making  incisions  furth-*r 
than  the  inner  bark.  Anything  further  « au.^vs 
injury  to  the  tree,  and  destroys  its  productive- 
ness. The  latex  when  first  obtained  is  of  a 
creamy  consistency  and  colour.  In  some  ca.  - , 


Laticiferous  Tissue  of  Manihot  Glazun  ii. 
(After  I).  II.  Scott.) 

Fig'.  I.  Hypodcrmal  laticiferous  tissue  from  young  stem.  (. ' 
Cr}’stals  of  calcium  oxalate. 

Fig.  2.  I.aticiferous  tissue  from  primary  phloem  X 270. 

Laticiferous  vessels;  (/)  their  transverse  connecting 
branches;  (/)  parenchyma. 

Fig.  3.  Portions  of  young  laticiferous  vessels  X {bo. 


as  in  Hevea  and  in  Hancornia,  it  is  of  a 
slightly  pinkish  colour,  due  to  a colouring 
matter  in  the  young  bark.  Besides  the  globules 
of  caoutchouc,  the  latex  contains  certain  salts 
and  albumen.  Wdien  the  fresh  juice  is  exposed 
to  the  air  in  thin  films,  it  speedily  dries  anil 
hardens  into  elastic  layers  of  brownish  yellow 
caoutchouc.  It  is  evident  that  the  caoutchouc 
is  not  dissolved  in  the  juice,  for  when  the  latex 
is  diluted  with  water  it  rises  to  the  surface  like 
cream,  and  when  once  it  has  become  coherent 
it  cannot  again  be  diffused. 

Chemically  the  latex  is  a very  complex  fluid 
containing,  besides  proteids,  a considerable 
quantity  of  caoutchouc  and  resinous  matters. 
The  latter  are  very  variable  in  amount,  but  in 
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Some  sorts  of  latex,  viz.,  those  yielding  the 
best  rubber,  they  are  almost  entirely  absent. 
Further,  it  is  uncertain  whether  the  body  or 
bodies  we  call  caoutchouc  are  the  sole  con- 
stituents of  the  granules,  or  whether  these  each 
consist  of  a mixture  of  different  substances. 
Thus,  in  some  measure  at  least,  arise  the 
numerous  sorts  and  qualities  of  rubber,  apart 
from  the  methods  adopted  in  their  preparation. 

Coagulation  of  Rubber  Milk. 

The  methods  of  coagulating  rubber — that  is 
of  extracting  the  globules  of  cautchouc  from 
the  milk  in  which  they  float — varies  in  every 
country  and  in  almost  every  district  in  which 
rubber  plants  are  found.  So  far  these  methods 
are  the  crude  hereditary  arts  of  a semi-savage 
people  who  have  adopted  the  most  wasteful 
methods  simply  because  of  their  convenience  to 
themselves.  None  of  these  methods  are  based, 
as  they  should  be,  on  scientific  principles.  In 
the  course  of  our  study  of  the  rubber  industry 
in  different  parts  of  the  world  we  shall  pass  in 
review  the  various  methods  adopted  for  coagu- 
lating rubber.  Some  of  them  are  very  singular. 
In  Fiji  the  milk  is  taken  in  the  mouth  and  the 
small  pellets  thus  formed  are  eventually  worked 
up  by  hand  into  balls  the  size  of  cricket  balls. 
In  Africa  and  in  New  Guinea  the  natives  smear 
their  bodies  with  the  milk  and  afterwards  peel 
off  the  layer  of  caoutchouc  dried  on  the  skin  and 
either  cut  it  into  small  cubes  or  press  it  into 
slabs.  A favourite  but  a wasteful  method  is  to 
allow  the  milk  to  run  into  holes  in  the  ground, 
and  when  the  watery  parts  have  drained  away 
there  is  left  a spongy  mass  of  caoutchouc  mixed 
with  dirt  and  leaves.  This  has  been  the  prac- 
tice in  parts  of  Central  America  and  in  Assam. 
The  use  of  salt  water  to  form  a milk  clot  is 
adopted  in  Borneo,  Africa,  and  some  parts  of 
Eastern  Brazil.  Alum  is  also  used  as  well  as 
the  juices  of  certain  plants.  Boiling  the  milk, 
or  at  least  heating  it,  is  a favourite  method  in 
Lagos  and  the  Congo  State,  while  in  the 
Amazon  valley  the  smoke  of  a smouldering 
fire,  combined  with  moderate  heat,  is  the 
almost  universal  method  of  preparing  Para 
rubber. 

In  a few  cases  the  milk  is  allowed  to  dry  as 
it  trickles  down  the  stem  of  the  tree  and  thus 
is  obtained  the  scrap  rubber  in  Ceara  and  a 
good  deal  of  the  rubber  shipped  from  Assam 
and  Penang. 

\Vhere  the  milk  is  obtainable  in  quantity,  as 
in  the  case  of  the  Para  and  Central  American 
rubber  trees,  and  can  be  collected  in  vessels 
holding  a gallon  or  two  there  is  available  a 


mechanical  method  for  extracting  the  rubber 
which  is  likely  to  be  of  considerable  value. 
Briefly  stated  the  principle  is  almost  identical 
with  that  of  the  cream  separator.  It  is  the  in- 
vention of  Messrs.  Howard  and  Biffen,  who 
have  carefully  tested  the  plan  in  the  rubber- 
producing  countries  of  the  new  world. 

New  Process  for  Coagulating  Rubber 
Milk. 

In  this  method  the  latex,  after  being  mixed 
with  50  per  cent,  of  water,  is  placed  in  the 
machine  and  spun  for  the  space  of  a few 
minutes.  The  machine  is  then  allowed  to 
come  to  rest  gradually,  when  the  rubber  is 
found  floating  on  the  top  of  the  liquid  in  a 
thick  white  mass.  The  albuminoids,  proteids, 
and  all  dirt  and  chips  are  found  at  the  bottom. 
The  rubber  is  skimmed  off  and  placed  to  drain 
on  a porous  surface.  According  to  experi- 
ments carried  on  by  Mr.  Hart  in  Trinidad,  it 
can  be  removed  in  about  two  hours,  and  in  six 
hours  afterwards  it  is  comparatively  dry. 

The  advantages  of  this  method  of  extracting 
caoutchouc  are  as  follows  : — 

(i.)  It  produces  absolutely  pure  rubber. 

(2.)  The  whole  process  is  under  scientific 
control. 

(3.)  It  is  capable  of  dealing  efficiently  and 
immediately  with  any  quantity  of 
milk. 

Those  interested  in  the  study  of  the  scientific 
treatment  of  the  milky  juices  of  plants,  cannot 
do  better  than  obtain  a copy  of  a very  interest- 
ing and  suggestive  paper  on  “The  Coagula- 
tion of  Latex,”  contributed  by  Mr.  R.  H. 
Biffen,  B.A.,  to  the  “ Annals  of  Botany,” 
vol.  xii.  (June,  1898),  pp.  165-171.  In  this 
Mr.  Biffen  gives  the  result  of  obserwations 
made  on  the  latex  of  nearly  all  the  rubber- 
yielding  plants  of  the  New  World.  His  own 
account  of  the  application  of  the  centrifugal 
method  for  the  purpose  of  coagulating  the 
latex  is  as  follows  : — • 

“As  the  rubber  exists  in  particles  in  the  latex,  it 
seemed  possible  that  the  centrifugal  method  of 
separation  might  be  adopted  in  examining  the  phe- 
nomena of  coagulation.  A modified  form  of  the 
ordinary  centrifugal  milk-tester  was  therefore  designed 
capable  of  being  rotated  some  6,000  times  per  minute. 
The  latex  was  taken  directly  from  the  trees,  strained 
through  wire  gauze  to  remove  any  pieces  of  bark, 
and  then,  if  very  thick,  diluted  to  about  the  con- 
sistency of  thin  creanu  The  first  experiments  were 
made  with  the  latex  oi  Cast illoa  elastica.  After 
centrifugalising  for  from  three  to  four  minutes,  the 
rubber  particles  completely  separated  as  a thick 


July  29,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


7+9 


creamy  white  layer  from  the  deep  brown  solution, 
containing  tannic  acid,  in  which  they  had  been  sus- 
pended. This  layer  was  now  taken  off,  shaken  with  an 
excess  of  water  to  thoroughly  wash  it,  and  again 
separated.  The  separated  particles  were  then  shaken 
with  water  so  as  to  form  an  emulsion,  and  alkalies 
were  added.  No  coagulation  now  occurred,  even 
though  the  mixture  was  allowed  to  stand  for  several 
days.  The  particles  could,  however,  be  brought  into 
a solid  mass  by  pressure,  by  gentle  heating,  or  by 
drying  off  the  water  with  a porous  tile.  So  jirepared, 
the  rubber  formed  a pure  white  mass,  without  any 
trace  of  its  usually  characteristic  smell.  On  exposure 
to  the  air  for  several  days,  the  surface  gradually 
became  brown,  probably  owing  to  oxidation.  The 
per-centage  of  rubber  in  the  latex  was  estimated  at 
25  per  cent.  The  latex  of  Hevea  brasiliensis  was 
similarly  treated,  but  for  a slightly  longer  time  ; the 
yield  of  rubber  in  this  case  was  from  28  to  30  per 
cent.” 

Forms  of  Commercial  Ruhher. 

The  earliest  and  best  know^n  forms  of  rubber 
were  the  biscuit  and  bottle  rubber,  obtained 
from  South  America.  These  yielded  the  old 
rubber  first  used  for  rubbing  out  pencil  marks 
— black  outside,  lighter  within,  and  possessing 
a characteristic  smoky  odour.  The  “ fine 
Para”  of  the  present  day  is  still  the  best 
rubber  in  commerce.  Similar  rubber  is  also 
obtained  from  Peru,  Bolivia,  and  Venezuela. 
The  produce  of  Castilloa  trees  in  the 
Central  American  States  is  variously  known  as 
Nicaragua,  West  India,  Honduras,  Mexican, 
Guatemala,  Panama,  and  Peruvian  “ Caucho,” 
according  to  the  locality  from  which  it  is 
obtained.  The  rubber  comes  in  blocks,  sheets, 
or  scraps  ; is  uniformly  black,  not  unfrequently 
tarry  or  sticky  on  the  outside,  and  usually 
obtains  prices  about  two-thirds  of  that  of  the 
best  Para. 

Ceara  rubber  is  a dry  rubber,  very  elastic 
and  free  from  stickiness  ; the  milk  coagulates 
in  tears  on  the  trees,  and  forms  “ scrap  ” or 
strings  made  into  balls  or  packed  loosely  in 
bags. 

Pernambuco  or  Mangebeira  rubber  is  often 
coagulated  with  salt,  and  is  a “wet  ” rubber. 
It  occurs  in  biscuits  or  sheets,  and  is  also 
obtained  from  Bahia,  Southern  Matto  Grosso, 
and  Uruguay. 

African  rubbers  are  produced  throughout  the 
whole  of  tropical  Africa.  The  sorts  are  numer- 
ous and  the  distinctive  names,  descriptive  and 
geographical,  are  almost  endless.  The  follow- 
ing are  the  principal  varieties  produced  on  the 
West  Coast ; — Gambia,  Sierra  Leone,  Lagos, 
(jold  Coast,  Congo  ball,  Thimbles,  Calabar, 


Cameroon,  Batanga,  Liberian.  On  the  Last 
Coast  are  produced  Mozambique  ball,  Sausage, 
liver,  unripe  ; Madgascar,  good  and  fine,  and 
Madagascar  black. 

'I'he  Asiatic  rubbers  from  Assam  anri  Ran- 
goon are  mostly  scrap  rubber  formerl  into 
cakes,  slabs,  and  loaves.  'I'he  rubber  is  always 
of  a mottled  appearance  with  bright  pink 
streaks.  Java  is  somewhat  similar  but  usually 
not  so  good.  Bornean  rubber  is  in  balls  or 
shapeless  masses  of  a white  or  purplish  colou»-, 
very  spongy  and  porous.  One  of  the  latest 
additions  to  the  list  of  commercial  rubbers  is 
New  Guinea  rubber.  'I'his  comes  in  the  form 
of  clusters  of  small  balls,  black  outside,  whitish 
within.  When  free  from  bark  and  impurities 
it  is  of  good  quality.  Sometimes  a bastard  sort 
is  shipped,  whitish  and  hard,  almost  resembling 
Balata. 

As  might  be  expected  from  the  opening  up 
of  new  sources  of  supply,  and  the  greed  of  the 
collectors,  the  india-rubber  now  imported  is  a 
much  more  variable  article  than  formerly. 
Probably  less  care  is  taken  in  preparing  the 
rubber  and  the  latex  from  different  plants, 
varying  in  quality  and  composition,  are  unskil- 
fully mixed  together.  The  result  is  that 
manufacturers  are  chary  of  new  sorts,  and  are 
driven  to  confine  their  attention  to  a few  well- 
known  rubbers,  such  as  Para,  Mozambique, 
and  Madagascar,  which  in  the  best  qualities 
are  of  a dependable  character. 

Classification  of  Ruiuier-yielding 
Plants. 

There  are  several  hundred  plants  with  a 
milky  juice,  but,  so  far,  less  than  fifty  of  these 
contain  sufficient  caoutchouc  to  repay  the  cost 
of  extraction.  The  plants  now  yielding  com- 
mercial rubber  may  be  grouped  under  four 
natural  orders  as  follows  ; — 

Ruhber-pkoducing  Plants. 

Species. 


I.  Spurges  [Euphorhiacecc)  14 

II.  Nettles  {Urlicacete)  4 

III.  Dogbanes  {A poiymurte)  27 

IV.  Asclepiacls  {Aschpiadaira-) i 

Total 4b 


I.  EuriU)KiuA(  K.K  ( Tribe  : C rolonnr). 


Genera. 

No.  of 
Species. 

Country. 

Product. 

Hevea  ... 

10 

Brazil. 

Para  rubber. 

Manihot. . 

1 

N.E.  Brazil. 

Ceara  rubber. 

Micrandra 

2 

Central  Brazil 

Amazon  rubber  (in  partL 

Sapium  ... 

I 

U.S. Colombia 

Colombian  Virgcn  rubber. 
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II.  Urticace.®  (Tribe:  Artocarpeoe). 


Genera. 

No.  of 
Species. 

Country. 

Product. 

Ficus 

2 

East  Indies. 

Assam  & Rangoon  rubber. 

Castilloa  . 

2 

Cen.  America 

Central  America  rubber. 

III.  Apocynaceac. 


Genera. 

No.  of 
Species. 

Country. 

Product. 

Tribe,  Carissece 

Hancornia  ... 

I 

Brazil 

Mangebeira 

rubber. 

I.andolphia  .. 

10 

Tropical  Africa 

African  rubber. 

Carpodinus  ... 

6 

W. Central  Africa 

Kwango  rubber 

Leuconotis  ... 

2 

Malaya 

Borneo  rubber. 

AV^illughbeia .. 

2 

Malaya 

Borneo  rubber. 

'lr\he, Echifidece 

Kickxia 

I 

West  Africa 

Lagos  silk  rub- 
ber. 

Urceola 

2 

East  Indies 

Burma  rubber 
(in  part). 

Forsteronia... 

2 

Tropical  America 

Guiana  and  Ja- 
maica rubber. 

Parameria  ... 

I 

East  Indies 

East  India  rub- 
ber (in  part). 

IV.  Asclepiadace.®  (Tribe  : Periplocece). 


Genus. 

No.  of 
Species. 

Country. 

Product. 

Cryptostegia 

I 

Madagascar 

Pulay  rubber  (India) 

Para  Rubber. 

Para  rubber  derives  its  name  from  the  town 
and  province  of  that  name  in  Brazil.  It  is 
rightly  regarded  as  the  most  valuable  of  any  in 
commerce.  The  price  of  Para  rubber  prac- 
tically governs  that  of  all  other  rubbers.  The 
tree  or  trees,  for  probably  more  than  one  species 
is  utilised,  are  distributed  throughout  the  vast 
region  of  the  Amazon  valley  and  adjoining 
areas,  and  occupying  an  area  about  two-thirds 
the  size  of  Europe.  The  principal  tree  yielding 
Para  rubber  is  the  ‘‘  Seringa,”  Hevea  brasili- 
ensis  (syn.  Siphonia  brasiliensis),  belonging  to 
the  natural  order  EiophorbiacecB  or  Spurges, 
numerous  members  of  which  secrete  a milky 
juice.  The  tree  is  upright  and  grows  to  a large 
size,  up  to  60  feet  in  height  with  a trunk  six  to 
eight  feet  in  circumference.  The  branches, 
when  the  trees  grow  closely  together,  are  short; 
the  leaves  are  compound  and  trifoliolate.  The 
whitish-green  flowers  are  male  and  female  in 
the  same  panicle,  the  female  usually  larger  and 
terminal.  The  fruit  is  a large  dry  capsule 


composed  of  three  one-seeded  pieces.  The  : 
seeds  are  the  size  of  filberts  with  a shining 
seed  coat  marked  with  black  blotches  ; the 
interior  substance  is  very  oily.  On  this  account  t 
the  seeds  soon  lose  their  vitality.  In  the  Lower  1 
Amazon  valley  the  trees  flower  in  January  and 
February,  and  the  seeds  ripen  at  the  beginning 
of  the  dry  season,  in  July  and  August. 


Fig.  4.— Branch  of  Para  Rubber  [Herea 
brasiliensis). 

Shewing  trifoliolate  leaves  and  numerous  small  flowers. 
The  female  flowers  are  larger  and  terminal.  The 
capsule  (7)  is  cut  open  to  show  position  of  seeds,  usually 
three  in  number.  Seed  (8)  is  one-half  natural  size. 

Seeds. — The  seeds  of  Hevea  are  said  to  be 
used  locally  for  baiting  fish,  and  also  yield  by 
expression  an  oil  of  a clear  violet  colour,  not  so 
siccative,  accordingto  Collins,  as  that  of  linseed 
oil,  but  said  to  be  capable  of  use  in  the  pre- 
paration of  varnish.  The  wood  is  soft  and  soon 
decays. 

The  collection  of  seeds  in  the  dense  forests 
of  Brazil  is  a matter  of  considerable  difficulty. 
If  gathered  immediately  they  have  fallen  and 
carefully  packed  they  should  bear  transport  for 
a period  of  at  least  three  weeks.  They  travel 
better  packed  in  moderately  dry  soil  or  cocoa- 
nut  fibre.  Where  obtainable,  seeds  from  mature 
cultivated  trees  are  preferable  to  seeds  col- 
lected in  Brazil,  as  they  are  more  accessible  and 
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Fig,  5. — Map  of  the  World  illustrating  the  Distribution  of  Rubber-producing  Plants. 
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can  be  gathered  immediately  they  ripen.  Seeds 
forwarded  from  Ceylon  to  Kew,  packed  in  can- 
vas bags,  have  arrived  in  excellent  condition. 
Where  seeds  are  not  obtainable  plants  may 
be  raised  from  cuttings  of  the  green  shoots. 

The  species  of  Heveas  recorded  as  yielding 
rubber  in  Brazil  and  adjoining  countries,  are 
as  follows  ; — On  the  Rio  Negro,  Hevea  lutea 
yields  most  milk,  but  is  not  regarded  as  so 
productive  as  H.  brasiliensis.  About  the  mouth 
of  the  Tapajos  and  Madeira,  H.  sjruceana 
IS  most  frequent.  In  Venezuela,  H.  ben- 
thamiana  is  probably  found,  while,  in  British 
Guiana,  H.  JauciJlora  is  regarded  as  a 
valuable  rubber  tree. 

Besides  Heveas,  it  is  possible,  according  to 
Spruce,  that  on  the  Purus  and  other  remote 
tributaries  of  the  Amazon,  species  of  Mi- 
crandra,  also  called  by  the  Indians  Seringa, 
yield  a pure  rubber.  Little  is  known  of  these 
latter  trees. 

Hevea  brasiliensis  grows  in  the  moist,  hot 
forests  of  the  province  of  Para,  and  especially 
in  the  district  near  the  numerous  mouths  of 
the  Amazon,  known  as  the  islands.  It  prob- 
ably extends  far  inland  into  the  province  of 
Amazonas,  but  its  exact  distribution  is  not 
clearly  known.  Other  species  of  Heveas,  eight 
or  ten  in  all,  are  found  not  only  in  Brazil,  but 
also  in  Venezuela,  Guianas,  Peru,  and  Bolivia. 

The  district  where  Hevea  brasiliensis 
flourishes,  is  in  S.  lat.  1° ; the  climate  is 
remarkable  for  its  uniformity  of  temperature, 
usually  not  exceeding  87°  Fahr.  at  mid-day, 
or  below  74°  at  night.  The  greatest  heat 
recorded  is  95°,  and  the  mean  for  the  year  is 
81°.  The  rainfall  occurs  principally  during 
the  months  of  January  to  June,  the  maximum 
being  in  April,  when  it  reaches  15  inches. 
For  the  remaining  six  months,  little  rain  falls, 
but  the  air  is  always  loaded  with  moisture. 
The  whole  country  is  covered  with  dense 
almost  impenetrable  forests,  and  the  soil  near 
the  numerous  and  gigantic  rivers  is  deep, 
heavy,  and  very  fertile.  Some  of  the  low- 
lying  country,  where  the  rubber  trees  grow,  is 
annually  flooded,  and  is  very  damp  and  un- 
healthy. Under  cultivation  in  Ceylon  it  has 
been  found  that  the  trees  will  also  flourish  on 
well-drained  soils  beyond  the  reach  of  floods. 

Mr.  Kerbey,  the  American  Consul  at  Para, 
states  : — 

“ The  rubber  tree  thrives  well  both  on  high  and  low 
land ; but  in  order  to  yield  a large  supply  of  milk  it 
must  have  plenty  of  moisture  in  the  soil  part  of  the 
year  at  least.  For  example,  on  the  river  Purus,  where 
the  flood  plains  are  covered  with  water  froni  one  to 


three  or  four  months  in  the  year,  the  trees  on  these 
levels  yield  milk  in  abundance,  while  large  trees  of  the 
same  sort,  not  reached  by  the  floods,  do  not  pay  for 
the  trouble  of  tapping  them.  On  the  Lower  Amazon 
not  only  the  trees  on  the  tide  flats  and  annual  flood 
plains  yield  milk  in  paying  quantities,  but  also  those 
on  the  high  land  {terra  firma)  because  the  rains  of  six 
months  or  more  in  the  year  supply  abundance  of  water 
to  the  soil.”  He  continues,  “The  territory  fiom 
which  Para  rubber  is  gathered  is  nearly  or  quite  as 
extensive  as  all  the  United  States  lying  east  of  the 
Rocky  Mountains.  Some  of  the  Para  rubber  has  to 
come  as  far  to  reach  Para  as  it  has  to  travel  from  Para 
to  reach  New  York.” 

Mr.  Consul  Churchill  lately  reported  to  the 
Foreign- office  : — ■ 

“The  Hevea  tree  is  not  conspicuous,  and  resembles 
many  other  forest  trees.  People  have  travelled  for 
thousands  of  miles  through  the  rubber  region  and 
have  lived  for  years  in  the  centres  of  the  industry 
Avithout  even  noticing  it.  The  new-comer  invariably 
expects  to  see  the  familiar  glossy  dark-green  leaves  of 
the  Ficus,  and  is  disappointed  Avith  the  insignificant  , 
appearance  of  the  Hevea.  In  appearance  it  is  more  i 
like  the  English  ash  than  anything  else.  It  groAvs  to  ‘ 
a height  of  upAvards  of  60  feet.  The  leaves  are  trifol-  ^ 
iate.  The  localities  A\Fere  rubber-trees  thriA^e  the  best 
are  on  islands  and  Ioav  ground  near  rivers  Avhere  the 
banks  are  periodically  inundated.  Ground  that  is 
aboA^e  water  at  all  times  or  that  has  no  drainage  is 
not  suitable  to  the  tree.  A peculiarity  of  this  rubber- 
tree  is  that  it  Avill  not  groAv  satisfactorily  on  cleared 
and  open  ground.  It  requires  the  shade  of  other 
trees  and  still  air,  from  the  time  that  its  groAvth  begins 
until  it  becomes  an  adult  tree.  Without  these  con- 
ditions the  supply  of  milk  is  Aery  much  affected.  In 
fact  the  tree  has  been  knoAvn  to  die  soon  after  the  1 
clearing  of  ground  around  it.  No  cultivation  Avorth  1 
mentioning  has  been  attempted  in  the  Amazons 
region.  It  is  considered  useless  to  invest  capital  in 
cultwation  so  long  as  the  Amazonian  forests  shoAvs  no 
sign  of  exhaustion.  The  Hevea  requires  about  15  1 

years  to  mature — that  is  too  long  for  the  ordinary  [ 
investor  to  wait.”  i 

Tapping. — The  season  for  tapping  the  trees  1 
varies  according  to  each  district.  It  is  usual 
to  leave  the  trees  untouched  for  a few  months 
in  the  year,  i.e.,  from  the  period  of  flowering 
until  the  fruit  has  attained  its  full  size.  In  the 
neighbourhood  of  Para  the  tapping  universally 
takes  place  during  the  dry  season  from  June 
to  December.  On  the  upper  Rio  Negro,  as 
the  trees  flower  earlier  — November  to  the 
end  of  January — the  tapping  season  is  altered 
accordingly. 

Trees  are  tapped  if  they  have  a circumference 
of  eighteen  to  twenty-four  inches.  If  the  pro- 
cess is  carefully  carried  on  the  trees  may  last 
for  many  years. 
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Fig.  6. — Tapping  Trke>  ok  llerea  Jirasilit/isis. 

Tho  rugged,  gnarled  appearance  of  the  stem  is  due  to  sue  essive  tappings  causing  thickening  of  the  bark. 
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The  methods  employed  in  tapping  and  col- 
lecting the  rubber  in  Brazil  and  elsewhere  arc 
of  a rough  and  wasteful  character.  The  actual 
collectors  or  seringu Zeros  are  a depressed  class, 
entirely  in  the  hands  of  traders,  who  in  ex- 
change for  rubber  supply  them  with  food  and 
other  necessaries.  The  collectors  seldom  do 
more  than  earn  a bare  subsistence. 

The  work  of  tapping  begins  at  daybreak,  as 
the  milk  is  said  then  to  flow  more  freely  and  in 
greater  quantity.  The  tree  is  cut  by  striking 
in  an  upward  direction  with  a small  axe,  mak- 
ing a deep  incision  through  the  bark.  A small 
cup  is  immediately  placed  underneath,  and 
held  on  by  a small  quantity  of  soft  clay. 
Into  this  the  milk  slowly  flows.  At  a short 
distance,  but  at  the  same  height,  another  cut 
is  made,  and  a similar  cup  is  luted  on,  and  so 
the  process  is  continued  until  a row  of  cups 
encircle  the  tree  at  a height  of  about  six  feet 
from  the  ground.  Tree  after  tree  is  treated  in 
the  same  manner  until  the  tapping  for  the  day 
is  finished  at  about  9 or  10  o’clock.  The  next 
morning  the  operation  is  performed  in  the 
same  way,  but  the  cuts  are  made  from  six  to 
eight  inches  lower  down  the  trunk.  Thus  each 
day  the  cuts  are  made  lower  and  lower  until 
the  ground  is  reached. 

On  the  Upper  Amazon  other  methods  for 
tapping  are  sometimes  adopted.  They  are, 
however,  only  applicable  where  the  trees  have 
not  been  previously  tapped.  The  loose  outside 
bark  is  first  cleaned  off  and  the  trunk  made 
quite  smooth  to  a height  of  three  feet  or  more. 
Beneath  this  area  a gutter  or  raised  border  of 
clay,  resting  upon  the  stout,  flexible  stems  of  a 
climber,  is  closely  placed  round  so  that  no 
milk  can  escape  between  the  trunk  and  the 
gutter.  Cuts  are  thickly  made  in  the  bark 
above,  from  which  the  milk  flows  down  to  the 
gutter,  whence  it  is  conveyed  into  a calabash 
conveniently  placed  to  receive  it.  By  this 
method  there  is  usually  a considerable  quantity 
of  scrap  rubber,  owing  to  the  distance  the  milk 
has  to  run  and  to  the  coagulation  that  takes 
place  on  the  large  surface  of  clay  used. 

Mr.  Consul  Kerbey  states  ; — ■ 

“ If  but  three  gashes  per  clay  are  made  in  bark  of 
the  rubber  tree,  and  the  hatchet  in  the  careless  hands 
of  the  native  does  not  penetrate  or  strike  the  wood, 
the  tree  does  not  appear  to  suffer  from  the  treatment, 
except  that  the  trunk  grows  thick,  and  the  scarred 
surface  becomes  irregular  and  bumpy.  It  will  con- 
tinue, however,  in  good  health,  and  yield  milk  in 
abundance  for  thirty  or  forty  years.  If  the  blow  from 
the  hatchet,  however,  wounds  in  the  slightest  degree 
the  wood  of  the  tree,  it  dies.  Decay  begins  at  this 


wound.  As  the  wood  is  soft,  a weevil  enters  the 
decayed  spot,  and  hastens  the  destruction.  The 
tree  may  drag  out  a miserable  existence  half  dead, 
but,  as  the  I’ortuguese  say,  it  is  cancado” 

Collecting  the  Milk.-Nl\\oxo  cups  are  used, 
the  seringuiero,  at  the  close  of  each  dayq  goes 
from  tree  to  tree  at  a sort  of  running  pace  ; he 
empties  the  contents  of  the  cups  into  a large 
calabash  w'hich  he  carries  in  his  hand.  As  he 
pours  the  milk  out  of  each  cup,  he  draws  his 
thumb  and  forefinger  over  the  bottom  to  clean 
out  some  which  otherwise  would  adhere  to  it. 
The  cups  on  being  emptied  are  laid  in  a little 
heap  at  the  base  of  each  tree,  to  be  ready  for 
the  following  morning. 

Frelaring  the  rubber. — The  preparation  of 
the  rubber  is  thus  graphically  described  by 
Wells  (“Voice  of  Urbano,”  pp.  1 19-120)  : — 

“ Master  and  men  then  departed  to  various  out- 
buildings, where  the  Indian  boys  and  women,  after 
partaking  of  a very  hasty  and  meagre  repast  of  dried 
piraurucu  (a  large  river  fish)  and  farinha,  were  set  to 
work  at  converting  the  milk,  or  sap  of  the  rubber- 
tree,  into  india-rubber. 

“ This  process  does  not  require  any  great  manual 
labour ; it  is  rather  a work  of  patience.  In  a distant 
corner  of  the  yard,  under  the  shade  of  one  of  the  few 
remaining  trees,  a quantity  of  the  fruit  of  the  Urucuii 
palm  was  burning  on  several  fires.  The  burning  of 
these  nuts  produces  a dense  black  smoke,  the  acidu- 
lous properties  of  which  has  proved  to  be  the  most 
efficacious  for  rapidly  coagulating  the  sap  of  the 
rubber-tree.  Near  each  fire,  one  of  the  large  earthen- 
ware pots  was  placed  between  a couple  of  Indian 
boys,  each  boy  having  a small  round-bladed  paddle 
in  his  hand ; the  blade  of  the  paddle  is  dipped  into 
the  milk  which,  adhering  to  the  wood,  is  held  in 
the  smoke  of  Urucuri,  and  rapidly  coagulated,  and 
turned  almost  at  once  to  the  black  india-rubber  of 
commerce.  The  round  blade  of  the  paddle,  covered 
with  a thin  coating  of  rubber,  is  then  again  dij)ped  into 
the  pot  of  sap,  and  the  process  repeated  and  con- 
tinued until  the  rubber  is  about  two  inches  thick,  when 
one  of  the  attendant  drivers,  who  superintends  the 
operations,  makes  a cut  with  a sharp  knife  along  the 
outer  circumference  of  the  paddle,  when  the  round 
cake  of  rubber  is  easily  removed,  and  then  jdaced  with 
others  on  the  ground  alongside  the  operator.  So 
the  process  is  continued  until  the  collected  sap  is 
exhausted,  and  the  rubber  stored  away. 

“ Early  the  next  morning,  the  Indians  will  again 
go  away  in  the  canoes  to  the  forest,  there  to  empty 
out  the  contents  of  the  tins  that  have  been  previously 
left  adhering  to  the  rubber  trees  by  a dab  of  clay 
below  a gash  in  the  bark,  whence  the  milk  slowly 
drops  into  the  tin  pans.  The  pan,  when  emptied,  is 
then  replaced  or  affixed  to  another  part  of  the  trunk, 
01  removed  altogether  to  some  other  tree.  It 
depends  on  the  collector  whether  he  completely 
exhausts  the  tree  of  its  sap,  and  thus  destroys  it,  or 
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only  takes  a quantity — about  16  lbs. — which  a well- 
grown  tree  will  allow  to  be  taken  from  it  without 
detriment.  In  the  case  of  Ignacio’s  men,  all  the  sap 
that  it  was  possible  to  obtain  was  taken  from  every 
tree.” 

There  are  practically  only  two  grades  of  Para 
rubber,  viz..  Fine  Para  and  Negro-head.  The 
former  is  a fine  dry  rubber,  coagulated  over 
smoke,  of  a dark  colour  and  a characteristic 
odour.  It  appears  in  the  form  of  biscuits  or 
“ hams.”  It  is  uniform  in  quality,  and  is  the 
standard  by  which  all  other  grades  are  tested. 
Negro-head  is  made  up  of  rounded  masses  of 
uncured  rubber,  with  sometimes  flattened  discs, 
the  result  of  coagulation  in  the  clay  cups.  On 
the  outside  this  is  rougher  and  darker  than  fine 
Para,  arising  from  oxidation  due  to  prolonged 
exposure  to  the  atmosphere ; the  interior  is 
almost  white  and  cuts  like  fresh  cheese.  There 
is  also  an  intermediate  sort  called  medium,  or 
entrefiiie,  due  to  imperfect  curing  and  the 
presence  of  strips  of  “virgin  gum”  between 
the  layers. 

Through  the  kindness  of  Dr.  Obach,  I am 
enabled  to  give  an  original  illustration  of  the 
implements  actually  used  in  collecting  and 
preparing  Para  rubber  (Fig.  8).  These  are  as 
follows: — ■ 

1.  A small  light  axe  with  a cutting  edge 
about  one  inch  in  width.  This  is  used  for 
making  incisions  in  the  bark. 

2.  Immediately  under  these  incisions  small 
earthenware  or  tin  cups  are  placed  to  receive 
the  milk.  The  three  upper  cups  represented 
are  of  tin  ; the  single  one  below  is  of  earthen- 
ware. The  former  are  preferred  on  account  of 
their  lightness. 

3.  The  milk  collected  in  the  small  cups  is 
poured  into  a calabash  or  gourd.  From  this  it 
is  afterwards  transferred  into  the  large  tin 
vessel  on  the  extreme  left  {;^a)  and  carried  to 
the  camp. 

4.  The  large  clay  stove  in  the  centre  is  used 
for  curing  the  rubber.  A fire  is  lighted  under- 
neath made  of  the  nuts  of  the  Urucuri  palm 
{Attalea  excelsa),  shown  at  5.  The  smoke 
escapes  through  the  aperture  at  the  top. 

6.  The  heavy  paddle  is  now  dipped  into  a 
large  bowl  containing  the  day’s  gathering  of 
milk  and  immediately  placed  in  the  smoke. 
The  effect  of  the  heat  and  smoke  is  to  coagu- 
late the  milk  and  give  it  a dark  colour.  The 
process  is  repeated  until  a.large  cake  is  formed. 
The  paddle  is  then  released  by  making  a slit 
on  one  side.  The  hook  {6a)  is  used  to  support 
the  paddle  when  in  use  by  a rope  from  the  roof 
of  the  hut. 


According  to  Mr.  Biffen,  in  the  paper  already' 
cited,  the  latex  of  Hevea  brasilie7isis  is  alka- 
line, and  the  addition  of  a solution  of  ammonia, 
preserves  it  indefinitely  from  spontaneous  co- 
agulation. The  coagulation  of  the  latex  by 
exposing  it  to  the  smoke  of  the  Urucuri  mils  is 
doubtless  brought  about  partly  by  heat  and 
partly  by  the  action  of  the  acetic  acid  con- 
tained in  it.  The  latter  and  the  creosote  also 
present  further  tend  to  preserve  the  rubber. 
The  smoking  process  would  appear  to  be  only 
applicable  in  the  case  of  latex  possessing  alka- 
line properties.  It  is  unsuitable  in  the  case  of 
the  latex  of  Casfilloa  elasfica,  as  this  has  an 
acid  re-action  towards  litmus  paper ; hence 
alkalies  are  used. 

The  yield  of  rubber  would  appear  to  vary 
from  2 or  3 lbs.,  up  to  16  or  17  lbs.  per  tree. 
Large  fully  developed  trees  should  yield  10  lbs. 
without  injury  each  year,  if  carefully  treated. 
Cultivated  trees  in  the  Straits  Settlements  have 
yielded  at  the  rate  of  5 lbs.  per  tree  at  10  years 
old.  Trees  in  Ceylon  have  yielded  at  an 
average  yearly  rate  of  lbs.  per  annum,  after 
the  eighth  year.  This  is,  of  course,  excep- 
tionally low  as  compared  with  Brazilian  trees, 
but  where  the  trees  are  closely  planted,  the 
return  may  reach  a rate  of  100  lbs.  per  acre. 

Out  of  a revenue  of  ^^428, 894  collected  on 
exports  in  State  of  Para  in  1896-97,  ^415,295 
was  collected  on  rubber  alone.  The  export 
duty  is  23  per  cent. 

The  entire  Amazonian  crop  of  1895-96 
amounted  to  20,981  tons,  whereas  that  of 
1896-97  reached  22,315  tons,  an  increase  of 
6*4  per  cent.  The  crop  of  the  State  of  Para 
during  1896-97  amounted  to  8,844  tons. 

The  sources  of  the  rubber  supply  of  the 
Amazonian  region  are  approximately  given  by 


Mr.  Consul  Churchill  as  follows  : — 

Sources. 

Quantity. 

From  River  Purus 

Tons. 

3 >500 
2,200 

,,  Madeira 

,,  ..  lurua 

2, 100 

,,  ,,  Solimoes 

1,000 

..  ..  Neero 

700 

1,500 

2,000 

,,  ,,  Javary  and  Port  of  Iquitos. . 

From  Peru  and  Bolivia  (Caucho) 

,,  Para 

9,000 

Approximate  annual  production .... 

22,000 

The  internal  water  communication  afforded 
by  the  River  Amazon  and  its  numerous 
branches  is  so  great  that  railroads  and  other 
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Fig.  7. — Ctring  Para  RntBKR  ovkr  the  Smoke  of  Uricfri  Xfts. 


Fig  8.— Implements  and  Tools  used  in  Chring  Para  Rubber. 
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means  of  transport  are  hardly  needed.  Ocean  j 
steamers  can  reach  Manaos,  which  is  about 
1,000  miles  from  the  sea,  at  all  times  of  the 
year.  There  is  a regular  service  of  ocean 
steamers  plying  during  high  river  as  far  as 
Iquitos,  a port  of  Peru,  which  is  2,200  miles 
from  the  mouth  of  the  Amazons. 

Mr.  Churchill  continues  ; — 

“The  great  demand  for  rubber,  and  the  ever- 
increasing  prices  for  it,  have  the  natural  result  of 
attracting  the  bulk  of  the  people  to  this  remunerative 
industry.  So  long  as  the  demand  for  rubber  con- 
tinues, the  prospects  as  regards  the  development  of 
other  agricultural  industry  will  be  comparatively  insig- 
nificant.” 

It  follows  that  the  rich  lands  of  the  Amazon 
valley  are  practically  untouched  except  to  tap 
the  wild  rubber  trees  growing  upon  them. 
Nearly  all  the  necessaries  of  life  are  imported 
from  other  countries. 

The  town  of  Para  or  Belem,  the  head-quarters 
of  the  great  rubber  industry  of  the  Amazon 
region,  is  on  the  right  bank  of  the  River 
Guama,  and  about  100  miles  from  the  sea.  It 
is  not  on  the  banks  of  the  Amazon,  but  is  con- 
nected with  the  latter  by  a labyrinth  of  narrow 
channels,  through  which  passes  all  the  ship- 
ping betw'een  the  outer  world  and  the  numerous 
Amazonian  ports  inland.  The  true  mouth  of  I 
the  Amazons  is  dangerous  to  navigation,  and  ; 
is  avoided  ; hence  the  port  of  Para  commands  | 
practically  the  whole  Amazon  region,  and  is 
the  emporium  where  is  transacted  the  largest  j 
india-rubber  business  in  the  world. 

According  to  Mr.  Churchill,  during  the  year 
1897,  the  distribution  of  Amazonian  rubber 


from  Para  was  as  follows  : — ■ 

Tons, 

United  Kingdom  8,843 

France 2,010 

Italy  65 

U.S.  America 11,626 


Total  22,544 


The  following  Table  (Fig.  9)  indicates  the  | 
price  per  pound  of  fine  Para  rubber  during  each 
year  from  1887  to  1897  inclusive  in  London  and 
Liverpool.  This  has  been  compiled  from 
returns  kindly  furnished  by  Messrs.  Hecht, 
Levis,  and  Kahn.  j 

The  highest  prices  of  1883  have  not  yet  been 
reached,  but  since  1885,  with  some  slight 
fluctuations,  the  price  of  fine  Para  rubber  has 
been  steadily  rising.  During  the  first  three 
months  of  1898  the  average  price  was  3s.  9id.  ^ 
Since  then  it  has  reached  4s.  per  pound.  i 


A new  form  of  Hevea.  rubber  has  lately  ap- 
peared under  the  name  of  Mollendo  rubber. 
This  is  shipped  from  the  port  of  Mollendo  on 
the  Peruvian  coast  to  which  it  is  brought  by 
rail  from  Lake  Titicaca.  Its  original  source  is 
that  portion  of  Bolivia  which  lies  above  the 
navigable  portions  of  the  River  Beni.  'I'he 
price  of  Mollendo  is  nearly  equal  to  that  of 
Para.  d'he  quantity  exported  in  1894  was 
85,000  lbs. 


Bolivia  is  rich  in  Hevea  trees.  The  total 
production  in  1897  was  'about  850  tons,  about 
5 per  cent,  being  Sernamby  or  negro-head 
rubber.  According  to  Mr.  Consul  A.  St.  John 
there  passed  through  the  Bolivian  Custom- 
house of  Villa  Bella  on  the  Brazilian  frontier, 
69,040  arrobas  of  rubber  in  1894.  About  3>4^o 
arrobas  are  said  to  have  been  exported  through 
La  Paz,  whilst  3,000  to  4,000  arrobas  were  ex- 
ported through  Puerto  Suarez  on  the  Para- 
guayan frontier. 

Mr.  Churchill  discusses  the  prospects  of 
the  Para  rubber  industry  in  Brazil  as  follows:  — 

“ Some  people  suppose  that  the  supply  of  Ama- 
zonian rubber  may  become  exhausted  in  the  near 
future.  The  most  competent  authoiities  are  not  all 
of  this  opinion,  but  maintain  that  the  supply  is  inex- 
haustible, because  the  Hevea  is  continually  being  pro- 
duced by  nature.  Certainly  some  areas  become 
exhausted  when  o\erworked,  but  when  left  alone  for 
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some  time  they  recover.  The  district  of  Cametaj 
on  the  River  Tocantins,  gave  an  excellent  quality  of 
rubber.  There  was  a special  quotation  for  it  in  the 
foreign  markets.  This  district,  however,  is  now 
exhausted,  because  for  about  40  years  thousands  of 
men  have  tapped  its  trees.  All  new-comers  flocked 
to  Cameta  to  make  their  fortunes.  There  are  how- 
ever, many  districts  that  have  not  been  tapped. 

“ The  area  that  is  known  to  produce  Para  rubber 
amounts  to  at  least  1,000,000  square  miles.  Further 
exploration  will  no  doubt  show  that  this  area  is  under- 
estimated. 

“ The  richest  zones  as  at  present  known  are  along 
the  banks  of  all  the  southern  tributaries  of  the  River 
Amazon,  and' on  the  islands  in  the  main  stream,  and 
near  Para. 

“The  most  prolific  part  is  on  the  River  Aquiry,  or 
Acre,  one  of  the  tributaries  of  the  River  Purus. 
Here  too  trees  yield  as  much  as  one  ton  of  rubber 
per  annum. 

“ The  northern  tributaries  of  the  Amazons  do  not 
produce  much  rubber.  Of  these,  the  River  Negro 
produces  the  most.  The  quality,  however,  is  soft. 
The  River  Branco  produces  very  little  rubber,  and  the 
upper  part  runs  through  pasture  lands  and  high 
ground  which  is  not  suitable  for  good  rubber.  Some 
of  the  other  northern  tributaries  have  not  been  ex- 
plored, and  may  yet  reveal  large  stores  of  rubber. 
The  Hevea  is  known  to  exist  on  the  banks  of  the 
Japura,  but  that  district  has  not  yet  been  opened  up.” 

The  great  value  of  Para  rubber  trees  has 
naturally  suggested  the  desirability  of  intro- 
ducing the  cultivation  into  other  countries. 
Seeds  of  Hevea  brasiliem^is  were  introduced 
to  Kew  in  1872,  through  Sir  Clements 
Markham,  K.C.B.  (then  Mr.  Markham), 
and  a first  case  of  living  plants  was 
safely  taken  out  to  India  by  Dr.  King,  the 
Superintendent  of  the  Botanical  Gardens  at 
Calcutta,  in  the  following  year.  Since  that 
time  the  Government  of  India  has  taken  up 
the  introduction  of  this  valuable  tree  on  a large 
scale.  In  1875,  Mr.  H.  A.  Wickham  was 
commissioned  to  collect  seeds  in  Brazil,  and 
he  arrived  at  Kew  with  70,000  seeds,  of  w'hich 
c,nly  about  4 per  cent,  germinated.  Upwards 
of  1,900  plants  in  38  Wardian  cases  were,  how- 
ever, despatched  from  Kew  to  Ceylon  (as  the 
climate  of  Calcutta  was  found  unsuitable  to 
them),  w'here  they  arrived  in  excellent  con- 
dition. Small  lots  of  plants  were  also  dis- 
tributed at  the  same  time  to  the  West  Indies, 
the  West  Coast  of  Africa,  Singapore,  and 
Java.  In  1876,  Mr.  Robert  Cross,  who  had 
been  sent  to  South  America  to  bring  home 
living  plants  in  case  the  seeds  brought  by  Mr. 
Wickham  failed  to  germinate,  arrived  at  Kew 
with  1,000  }mung  plants.  The  greater  number 


of  the  survivors  of  these  was  also  forwarded  to  | 
Ceylon  to  be  grown  for  distribution  to  India,  1 
and  the  rest  to  Mauritius,  Singapore,  and  , 
Queensland.  Para  rubber  trees  are  now  well  , 
established  in  various  parts  of  India  and  in 
most  of  our  Eastern  possessions. 

(To  be  confinued.) 

[Figures  6 and  7 are  taken  from  the  pages  of 
Co})imerce,'\ 


THE  THERMO -CHEMISTRY  OF  THE 
BESSEMER  PROCESS. 

The  following  list  of  memoirs  relating  to  the 

Bessemer  process  is  supplementar)'  to  Professor  Noel 

Hartley’s  Cantor  lectures,  printed  in  the  last  three 

numbers  of  the  Journal : — 

“ On  Modifications  of  Bessemer  Converters  for  Small 
Charges.”  By  John  Hardisty.  Derby.  “Journal 
of  the  Iron  and  Steel  Institute,”  vol.  ii.,  1886. 

“ P'abrication  de  I’Acier  fondu  par  aftinage  de  la 
fonte  avec  chauffage  par  combustions  inter- 
moleculaires.”  A paper  read  by  Professor 
Jordan  before  the  French  Society  of  Civil 
Engineers,  May  20th,  1869. 

“Chemistry  of  the  Bessemer  Process.”  Lieutenant 
Dutton.  Engineering,  p.  200,  1870. 

“ Generation  of  Heat  during  the  Bessemer  Process.” 

O 

Professor  R.  Akermann.  “Journal  of  the  Iron 
and  Steel  Institute,”  ii.,  p.  no,  1872. 

Article  “ Steel.”  “ Dictionary  of  Applied  Chemistry,” 
vol.  ii.,  p.  872.  Edited  by  C.  W.  Vincent. 
Published  by  Mackenzie,  Glasgow.  J.  G. 
Snelus,  F.R.S. 

“Applications  of  Thennal  Chemistry  to  Metallurgical 
Reactions.”  A.  Pourcel.  “ Journal  of  the  Iron 
and  Steel  Institute,”  i.,  1889,  p.  152. 

“ Thermo-chemical  Study  of  the  Refining  of  Iron.” 
Professor  Honore  de  Ponthiere.  “Journal  of  the 
Iron  and  Steel  Institute,”  ii.,  1897. 
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Central  American  Rubber. 

It  is  generally  recognised  that  the  rubber 
known  as  Central  American,  including  that  ex- 
ported from  Mexico,  Guatemala,  Nicaragua, 
Panama,  some  parts  of  the  U.S.  Colombia,  and 
the  western  slopes  of  the  Andes  as  far  as  Peru,  is 
produced  by  the  Ule  or  Hule,  the  ‘‘olquaquitl” 
of  the  Aztecs  [Castilloa  elastica,  Cerv.).  This 
belongs  to  the  natural  order  Urticacece,  tribe 
Artocarpcce.  It  is  thus  allied  to  the  Bread 
fruit  tree.  Although  the  earliest  described  of 
all  the  rubber  trees  the  species  is  not  so  well 
known  as  it  should  be,  and  according  to  Sir 
Joseph  Hooker  it  is  probable  that  more  than 
one  rubber-bearing  species  exists  in  Central 
America  under  this  name.  So  far  no  Castilloa 
has  been  found  to  the  east  of  the  Andes,  either 
in  Brazil  or  Venezuela.  The  tree  has  a very 
extensive  geographical  range  and  is  evidently 
capable  of  existing  under  considerably  varied 
climatic  conditions. 

Castilloa  elastica,  Cerv.,  when  fully  grown, 
is  of  an  imposing  height ; specimens  have 
been  met  with  160  to  180  feet  high,  with 
a stem  12  to  15  feet  in  circumference.  It 
grows  very  rapidly.  The  bark  is  rather  soft 
and  smooth  and  the  young  branchlets  are 
densely  covered  with  reddish  brown  hairs. 
The  leaves  are  usually  very  large,  12-18  in. 
by  4-7  in.,  with  a cordate  base;  the  mar- 
gins are  studded  with  minute  tufts  of  hairs 
while  the  under  side  is  densely  clothed  with 
tawny  hairs.  The  flowers  are  male  andfem.ale 
on  the  same  branch  embedded  in  a top-shaped 


receptacle  clothed  outwardly  with  closely- 
packed  scales.  'I'he  fruits  are  about  2 in. 
diam.  containing  numtTous  seeds  immersed  in 
a fleshy  receptacle.  The  latter  are  in.  diam. 
with  a white  papery  seed-coat. 


PTg.  10. — The  Ule  Tree  {Castilloa  elastica, 
Cervantes). 

Yielding  Central  American  rubber,  one  mature  leaf  and  a 
terminal  leaf-shoot — one-third  natural  size,  (i)  Group  of 
female  flowers  or  pistillate  receptacle  ; (2)  a single  female 
flower  with  exserted  filiform  stigmas,  usually  two,  but 
rarely  three;  (3  and  4)  sections  of  ditto,  showing  the  ovary 
in  different  stages  of  development ; (5)  magnified  portion 
of  margin  of  leaf  showing  stiff  bunches  of  hair. 

The  following  particulars  are  furnished  by 
Sir  Henry  Dering  respecting  the  distribution  of 
Castilloa  elastica  in  IMexico  (F.O.  Report, 
1895,  p.  21):— 

“The  rubber  tree  {Castilloa  elastica  of  Cervantes, 
olquaquitl  of  the  Aztecs,  hule  of  the  Spaniarils)  is 
inclijrenous  to  Mexico,  and  is  found  orowinj;  wild 
alon^  both  coasts,  below  22  degrees  north  latitude, 
from  sea-level  to  altitudes  running  from  1,200  to 
1,500  feet,  and  principally  by  the  river  banks.  The 
region  most  favourable  for  the  growth  of  this  im- 
portant 3^et  rarely  cultivated  tree  are  the  plains  of 
Pochutla,  Oaxaca,  between  the  Pacific  Ocean  and  the 
base  of  the  Sierra  !Madre  Cordillera,  and  also  along 
the  banks  of  the  Copalita  river;  in  Soconusco, 
Chiapas,  beloAv  the  coffee  belt,  and  in  Pichucalco  and 
Mezcalapa,  along  the  great  Grijalva  river  clear  down 
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to  Tobasco ; in  the  Papaloapan  and  Tuxtepec  valleys 
clear  up  to  the  Rivers  Tonto  and  Quiotepec,  and  the 
lands  on  the  Gulf  side  of  the  isthmus,  covering  an  ex- 
tension of  1,100  square  miles,  where  the  tree  is  found 
in  astonishing  numbers  throughout  the  forests  that 
shirt  the  Coatzacoalcos,  Uspanapa,  Coachapa,  Chal- 
chijapa,  Del  Corte,  Chichihua,  Malatengo,  Sarabia, 
Jumuapa,  Jaltepec,  San  Juan,  Trinidad,  and  Colorado 
rivers.” 

In  British  Honduras,  the  Ule  is  found  on 
what  are  known  as  the  Cohune  ridges,  and 
especially  along  the  banks  and  in  the  valleys 
bordering  Muhin’s  river,  Sittee  river,  and  the 
Rio  Grande  in  the  south  ; and  along  the  Sibun 
river  and  the  upper  waters  of  the  Belize  river 
in  the  west.  It  is  still  abundant  in  some 
localities,  but  is  becoming  scarce  in  the  neigh- 
bourhood of  settlements.  In  Guatemala  and 
Nicaragua,  the  trees  are  only  now  found  in 
the  interior  valleys — their  number  is  rapidly 
diminishing  everywhere.  In  the  U.S.  Colombia 
in  Panama  and  Darien,  the  trees  are  said  to 
exist  in  great  numbers.  Along  the  valley  of 
the  Magdalena  river  (100  miles  from  its  mouth, 
and  extending  for  a distance  of  600  miles,  and 
a width  varying  from  20  to  60  miles)  the  rubber 
tree  is  said  to  abound  and  to  reach  for 
1,000  feet  up  the  sides  of  the  mountains. 
The  soil  over  so  extensive  an  area  naturally 
varies  a good  deal.  It  is,  however,  recognised 
that  the  plant  avoids  marshy  and  boggy  land, 
appearing  to  prefer  warm,  deep  loam  or  sandy 
clay,  and  especially  affecting  the  margins  of 
small  running  streams,  where  it  grows  in  little 
groups.  A dry  or  a rainy  climate  seems  equally 
suitable,  but  a high  and  equable  temperature, 
w'hich  does  not  fall  below  60°  F.  at  any  time, 
is  essential. 

The  Castilloa  tree  has  been  met  with  near 
Guayaquil  towards  Chimborazo  by  Spruce, 
and  doubtfully  on  the  slopes  of  the  Bolivian 
Andes. 

In  the  winter  of  1882,  I visited  British 
Honduras  for  the  purpose  of  preparing  a 
report  on  the  resources  of  the  colony.  I 
carefully  studied  the  native  rubber  trees,  and 
from  the  observations,  soon  after  published,  I 
select  the  following  extracts*  : — ■ 

“The  Castilloa  rubber-tree  is  fit  to  be  tapped  for 
caoutchouc  when  about  seven  to  ten  years  old. 
dhe  milk  is  obtained  at  present  from  trees  growing 
wild,  by  rubber-gatherers,  who  are  well  acquainted 
with  all  the  localities  inhabited  by  the  Ule.  The 
proper  season  for  tapping  the  trees  is  after  the  autumn 
rains,  which  occur  some  months  after  the  trees  have 

* “ ihe  Colony  of  British  Honduras.”  By  D.  Morris. 
I.ondon:  Edward  Stanford.  1883.  pp.  74-81. 


ripened  their  fruit  and  before  they  put  forth  buds  for  , 
the  next  season.  The  flow  of  milk  is  most  copious  1 
during  the  months  of  October,  November,  December,  i 
and  January.  The  rubber-gatherers  commence  opera-  ^ 
tions  on  an  untapped  tree  by  reaching  with  a ladder 
or  by  means  of  lianes,  or  ‘ tie-ties,’  the  upper  portions 
of  its  trunk,  and  scoring  the  bark  the  whole  length 
with  deep  cuts,  which  extend  all  round.  The  cuts  aie 
sometimes  made  to  form  a senes  ot  spirals  all  round 
the  tree  ; at  other  times  they  are  shaped  simply  like 
the  letter  V,  with  a small  piece  of  hoop-iron,  the 
blade  of  a cutlass,  or  the  leaf  of  a palm  placed  at  the 
lower  angle  to  form  a spout,  to  lead  the  milk  into  a 
receptacle  below.  A number  of  trees  are  treated  in 
this  manner  and  left  to  bleed  for  several  hours.  At 
the  close  of  the  day  the  rubber-gatherer  collects  all 
the  milk,  washes  it  by  means  of  water,  and  leaves  it 
standing  till  the  next  morning.  He  now  procures  a 
quantity  of  the  stem  of  the  moon-jfiant  {Calonictyon 
speciosum),  pounds  it  into  a mass,  and  throws  it  into 
a bucket  of  water.  After  this  decoction  has  been 
strained  it  is  added  to  the  rubber  milk,  in  the  propor- 
tion of  one  pint  to  a gallon,  or  until,  after  brisk  stirring, 
the  whole  of  the  milk  is  coagulated.  The  masses  of 
rubber  floating  on  the  surface  are  now  gathered  from 
the  liquid,  kneaded  into  cakes,  and  placed  under 
heavy  weights  to  get  rid  of  all  water  particles.  When 
perfectly  drained  and  dry  the  rubber  cakes  are  fit  for 
the  market  and  are  exported  generally  in  casks.  In 
Spanish  Honduras  and  other  places  in  Central 
America,  instead  of  the  juice  of  the  moon-plant  a 
solution  of  alum  is  used  to  coagulate  the  milk  ; but  it 
is  said  that  the  injudicious  use  of  alum  tends  to  make 
the  rubber  hard  and  brittle,  and  to  depreciate  its 
value.” 

“ Yield, — A large  tree  of  Castilloa^  say  two  feet  in 
diameter,  is  said  to  yield  eight  gallons  of  milk  when 
first  cut.  Each  gallon  of  milk  in  the  proper  season 
will  make  about  two  pounds  of  rubber.  Hence  a tree 
of  this  size  will  give  a return  of  sixteen  pounds  of 
rubber.  The  gatherers  are  supposed  to  require  a 
license  before  they  can  tap  trees  on  Government  lands ; 

I but  practically  there  are  no  restrictions  placed  upon 
them,  and  trees  of  all  ages  and  sizes  are  ruthlessly 
bled,  many  of  which  I fear  never  recover.” 

I have  recommended  the  adoption  of  this  I 
Central  American  rubber  as  a good  tree  for  all 
tropical  plants  requiring  shade,  and  also  as  the 
rubber  tree  which  offers  the  most  favourable  in-  j 
ducements  to  the  planter  to  undertake  its  culti-  ; 
vation.  The  tree  growls  in  deep  loamy  I 

or  sandy  soil,  is  a deep  feeder  striking  its  roots  ! 
far  into  the  ground,  and  not  exhausting  the 
surface  soil;  again,  it  grow's  with  wonderful 
rapidity,  soon  forming  a large  handsome 
shade-tree ; and  lastly,  it  gives  a return  in  j 
rubber  within  eight  or  ten  years,  while  some  j 
other  trees  do  not  mature  for  twenty  or  thirty 
years.  In  a cacao  plantation  the  rubber  trees 
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may  be  planted  at  40  feet  apart,  or  one  tree 
between  every  three  of  cacao.  When  young 
the  lower  branches  fall  off  naturally,  and 
by  a little  subsequent  trimming  and  pruning 
the  trees  might  be  so  trained  as  to  give  the 
requisite  shelter  and  shade,  while  at  the  same 
time  there  is  a clean  stem  for  facilitating  the 


In  Mexico  the  milk  is  collected  in  earthen 
vessels  (jacaras)  and  afterwards  boih-d  to  pro- 
duce coagulation.  In  Costa  Rica  the-  milk 
is  allowed  to  flow  into  a large  hole  in  tie- 
ground,  and  forms  into  a cake,  known  as  a 
“ torta.”  Good  rubber  of  a scrappy  character 
is  obtained  from  the  channels,  or  cuts  in  the 


Fig.  II. — Ule  Tree  {Castilloa  elastica,  Cervantes). 


Yielding  Central  American  rubber,  a tree  about  ten  years  old,  growing  in  British  Honduras  ('from  a photograph 
taken  by  ^Mr.  E.  D.  M.  Hooper,  of  the  Indian  Forest  Department).  The  spiral  cuts  on  the  stem  illustrate  the 
manner  in  which  the  trees  are  tapped.  On  the  extreme  left  may  be  noticed  the  vertical  gutter  connecting  the 
transverse  cuts  and  conveying  the  milk  to  the  base  of  the  tree.  'I’he  tree  represented  is  growing  on  the  edge  of 
the  forest  in  a clearing  amongst  bananas,  coffee,  and  other  tropical  plants. 


extraction  of  the  rubber.  If  rubber  trees  arc 
planted  in  cultivated  areas,  as  shade-trees  for 
cacao,  Liberian  coffee,  oranges,  (S:c.,  as  men- 
tioned above,  the  return  from  them  at  the  end 
of  eight  or  ten  years  would  average  at  least 
about  £i  sterling  per  tree,  or  at  the  rate  of 
£2^  per  acre. 


trees;  this  is  known  as  “borricha.”  Similar 
methods  are  adopted  in  Ecuador.  In  the  U.S. 
of  Colombia  various  methods  are  adopted  ; at 
Panama,  coagulation  is  effected  by  the  use  of 
soap,  wood  ashes,  alum,  or  the  leaves  of  the 
Calutn'cfyov . A white  rubber  at  Colon  is  pre- 
pared by  simple  exposure  to  the  sun.  In  the 
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Magdalena  valley  the  rubber  is  dried  in  the 
sun  or  by  g-entle  heat. 

According  to  Mr.  Consul  Kerbey — • 

“The  method  of  gathering  and  preparing  the 
caoutchouc  of  Peru  is  to  fell  the  tree  and  cut  it  up 
into  bits,  limbs  and  all,  and  let  the  milk  run  out  from 
the  Avood  into  hollows  dug  in  the  ground.  It  is  then 
coagulated  in  these  pools  by  mixing  it  \rith  ordinary 
soap.  It  produces  a most  vile-smelling  compound, 
which  sells  for  about  the  same  price  as  Para 
sernamby.” 

The  United  States  Consul-General  at  Panama 
states  : — 

“The  india-rubber  of  this  district  is  obtained 
entirely  from  the  tree  known  under"  the  general  name 
of  ‘ caucho.’  This  produces  the  '‘darker  variety  of 
Panama  rubber,  and  supplies  the  chief  part  of  the 
total  product.  Besides  the  ordinary  caucho  there  is 
the  ‘ caucho  - forube,’  which  gives  a light-coloured 
article  known  as  ‘ virgin-rubber.’  A third  variety  is 
called  ‘ caucho-macho,’  or  male -rubber,  because  it 
gives  very  little  milk,  and  that  useless,  as  it  will  not 
coagulate.” 

Central  American  rubber  appears  in  com- 
merce in  various  forms.  That  from  Nicaragua 
comes  in  “sheets”  and  “scraps.”  The 
former  are  in  pieces  2\  feet  long,  weighing 
from  10  to  40  pounds.  “Scraps”  are  formed 
of  the  shreds  and  pieces  collected  from  the  cuts 
on  the  trees.  The  latter  are  drier  than  the 
sheets,  and  there  is  little  loss  in  shrinkage. 
“ Carthagena  strip  ” is  a black,  tough  rubber. 
Guayaquil  rubber  is  in  large  flakes  and  lumps 
of  a whitish  colour  in  the  best  sorts.  The 
inferior  sorts  are  porous,  exuding  a black 
liquid.  The  mechanical  treatment  of  the  latex 
of  Castilloa  trees  suggested  by  Mr.  Biffen  is 
likely  to  greatly  improve  the  quality  of  the 
rubber. 

A plant  known  in  British  Honduras  and  some 
of  the  republics  to  the  south  under  the  name  of 
“ Toonu  ” or  “Tunu”  is  apparently  an  un- 
described species  of  Castilloa.  It  yields  a 
spurious  kind  of  gutta-percha,  but  so  far  little 
has  been  done  with  it  commercially.  It  is 
probable  that  some  of  the  milk  of  the  “ Tunu  ” 
is  mixed  by  the  collectors  with  that  of  the 
Castilloa  elastica,  and  this  may  account  for 
the  difference  in  quality  of  some  shipments  of 
rubber  from  Central  American  ports. 

Mr.  Consul  Mallet,  of  Panama,  in  his  report 
for  1897,  states  : — 

“ Several  as  yet  unproductive  plantations  of  india- 
rubber  trees  exist  on  the  isthmus,  which,  when  mature 
and  capable  of  being  tapped,  are  expected  to  yield 
good  paying  results  as  much  on  account  of  the  atten- 
tion bestowed  upon  them  as  on  the  better  class  of 


rubber,  which  can  be  obtained  under  such  conditions 
with  greater  care  and  in  a cleanlier  manner  than  in 
the  depth  of  the  forest.” 

In  all  Central  American  countries,  the 
Consuls  report  that  the  rubber  trees  are 
being  rapidly  exterminated  and  the  exports  are 
steadily  diminishing.  Consul  Leay  (Panama) 
states  : — “ Rubber  has  appreciably  dwindled 
owing  to  the  working  out  and  destruction  of 
the  trees  in  near  forests,  the  cost  of  production 
increasing  with  the  increased  distance.”  Consul 
Maclachan  (Spanish  Honduras)  reports : — 
“ The  export  of  rubber  is  small  and  de- 
creasing yearly  mainly  owing  to  the  careless- 
ness of  the  Government  in  permitting  rubber 
collectors  to  cut  the  trees  down  instead  of 
tapping  them.”  Consul  Bingham  (Nicaragua) 
states  : — “ Business  in  Greytown  formerly 
depended,  to  a considerable  extent,  on  the 
extraction  and  exportation  of  india-rubber,  but 
the  india-rubber  trees  in  this  neighbourhood 
have  been  almost  entirely  destroyed  by  exces- 
sive bleeding,  and  the  commerce  of  Greytown 
is  now  chiefly  confined  to  the  carrying  and 
merchandise  trades  with  the  interior  of  the 
Republic  and  the  Mosquito  Coast.”  Consul 
Hayes  Sadler  (Guatemala)  reports  : — “ In 
spite  of  endeavours  to  protect  the  trees,  the 
production  of  rubber  decreases,  and  only  in 
Vera  Paz  and  Peten  are  trees  found  in  any 
quantity,  while  agriculturists  show  no  sign  of 
replacing  those  that  are  worn  out.”  Similarly 
in  Mexico,  “ the  supply  of  india-rubber  in 
accessible  regions  is  considerably  diminishing, 
while  the  demand  for  it  is  steadily  on  the 
increase.” 

The  largest  share  of  Central  America  rubber 
is  shipped  to  the  United  States.  In  1887  to 
1888,  the  United  States  received  rubber  of  the 
value  of  $153,004  from  Mexico,  out  of  a total 
export  valve  of  $162,385  (Mexican  currenc}'). 
The  total  imports  into  the  United  Kingdom 
during  the  year  1897  were  5,000  cwts.  of  the 
value  of  ;^7o,ooo. 

Through  the  enterprise  of  the  Government 
of  India,  the  Castilloa  trees  of  Central  America 
have  been  successfully  introduced  into  the 
East  Indies,  and  also  to  most  British 
possessions  in  other  parts  of  the  world.  An 
interesting  account  of  the  steps  taken  in  this 
direction  was  contributed  by  Mr.  Thiselton 
Dyer,  C.M.G.,  F.R.S.,  in  a paper  by  Sir 
Joseph  Hooker,  G.C.S.I.,  in  the  “ Transactions 
of  the  Linnean  Society”  (Botany),  vol.  ii., 
pp.  2 1 2-2 14.  The  following  embraces  the  chief 
facts : — 

In  the  summer  of  1875  the  India-office  des- 
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patched  Mr.  R.  Cross  to  Darien  to  obtain  seeds 
and  plants  of  Castilloa  elastica.  Unfortu- 
nately Mr.  Cross’s  expectations  as  regards  the 
seeds  were  realised.  The  whole  parcel  failed 
to  germinate.  Mr.  Cross,  however,  with  con- 
siderable difficulty,  and  after  undergoing  ship- 
wreck, succeeded  in  bringing  safely  to  Kew  a 
considerable  collection  of  cuttings,  from  which 
a supply  of  plants  was  raised.  Of  these,  two 
plants  were  despatched  to  Dr.  Thwaites,  Direc- 
tor of  the  Royal  Botanic  Gardens,  Peradeniya, 
Ceylon,  April  27,  1876,  and  31  on  August 
9 following.  Of  these  last,  28  arrived  alive. 

A further  consignment  of  24  plants  was  sent 
in  1877  to  Dr.  Thwaites,  who  meanwhile  had 
been  establishing  the  former  consignment  in 
the  tropical  garden  at  Henaratgode.  Here 
they  made  satisfactory  progress.  Dr.  Morris 
describing  them.  May  18,  1878,  as  growing 
“ into  broad  wide-spreading  trees  with  a very 
majestic  air.” 

In  1880  Dr.  Trimen,  who  had  succeeded  Dr. 
Thwaites,  reported : — ‘ ‘Much better  success  now 
attends  the  propagation  by  cuttings  of  this  fine 
species.  Our  largest  trees  at  Henaratgode 
have  now  a circumference  of  nearly  17  inches 
at  a yard  from  the  ground,  and  the  trees  are 
beginning  to  take  their  true  form.” 

In  the  following  year  Dr.  Trimen  reported  : — 
” The  Castilloa,  both  at  Peradeniya  and  Hena- 
ratgode, produced  flowers  during  the  dry 
weather  of  April;  on  examination,  however, 
these  were  all  male.  This  species  is  said  not 
to  produce  seed  till  eight  years  old.  The  finest 
tree  at  Henaratgode  has  now  a stem  of  22\ 
inches  in  circumference  at  about  a yard  from 
the  ground.” 

In  October,  1882,  Dr.  Trimen  forwarded  to 
Kew  a sample  of  the  rubber  of  Castilloa 
elastica  grown  in  the  experimental  gardens  at 
Henaratgode,  Ceylon.  The  original  plant  was 
sent  from  Kew  in  1876.  The  sample  was  sub- 
mitted to  S.  W.  Silver,  Esq.,  F.L.S.,  who  very 
kindly  reported  upon  it : — 

“ On  working  and  drying  a portion  of  this  sample 
the  loss  is  12*3  per  cent.  ; it  is  necessary  to  use  warm 
water  in  washing  this  rubber ; it  becomes  on  drying 
much  darker  and  shorter  than  Para  rubber.  It  has  a 
bitter  taste  which  is  not  removed  on  washing.  The 
unwashed  sample  yields  i ’f)  per  cent,  ash,  the  washed 
sample  gives  i*2  per  cent.  The  shortness  of  this 
rubber  would  restrict  its  use  to  some  extent  where 
tensile  strength  or  tenacity  is  required.  It  was  valued, 
December  8th,  1882,  as  worth  2s.  qd.  to  3s.  pet- 
pound.” 

The  plants  distributed  from  Kew  and  now 
under  cultivation  in  various  tropical  colonics 


would  be  more  correctly  termed,  according  to 
their  place  of  origin  Darien  Castilloa  or  Darien 
Caucho  trees.  This  w'ould  distinguish  them 
from  the  Ule  trees  of  Mexico,  British  Hon- 
duras, and  Nicaragua,  and  indicate  their 
history.  It  is  possible  that  there  is  no  great 
difference,  if  any,  in  the  quality  of  the  rubber 
yielded  by  these  trees,  but  so  far  no  one  has 
underaken  a comparative  inve.stigation  of  the 
produce. 

Castilloa  trees  have  not  yet  been  established 
on  a large  scale  in  any  part  of  the  J'>ast  Indies. 
They  have  been  very  successful  in  d'rinidad, 
and  are  regarded  there  as  the  most  promising 
rubber  trees  introduced  into  the  island.  There 
are  trees  in  the  Botanic  Gardens  sixty  feet  in 
height,  yielding  annually  large  supplies  of 
seed.  In  1896  Mr.  Hart  reported  : — ” We  have 
raised  and  sold  some  10,000  Castilloa  this 
year,  and  we  have  a plantation  in  Tobago  and 
one  here  ready  for  tapping.” 

At  the  St.  Lucia  Botanic  Station  there  is  a 
tree  50  feet  high  and  14  inches  diameter  at  the 
base.  This  and  other  trees  in  the  island  yield 
regular  supplies  of  seed.  Several  hundred 
plants  are  annually  distributed.  At  St.  \ incent 
Castilloa  trees  are  seeding,  and  100  plants  are 
ready  for  distribution  at  the  botanic  station. 
Five  trees  are  seeding  at  the  botanic  station  at 
Dominica,  although  under  eight  years  old. 

CeARA  RUIU5ER. 

The  plant  yielding  what  is  known  in  com- 
merce as  Ceara  rubber  or  Manitoba  is  Mamhol 
Glaziovii,  and  is  named  after  Dr.  Glaziou,  who 
first  contributed  specimens  of  this  species  to 
the  Kew  Herbarium.  It  is  an  Euphorbiaceous 
plant.  A description  is  given  in  Martius’ 
Flora  Brasilicnsis,  xi.  p.  443,  and  a full 
account,  with  a plate,  in  the  “Journal  of 
Botany,”  1880,  pp.  321-325-  It  is  a moderate- 
sized tree,  30  to  50  feet  high,  with  a stem 
about  8 to  20  inches  in  diameter,  with  numerous 
wide-spreading  branches.  The  bark  is  purple 
grey,  the  thin  silvery  outer  layers  readily  peel- 
ing off  in  narrow  strips.  The  leaves  are  deeply 
lobed,  thin  in  texture,  and  of  a bluish-green 
colour.  The  flowers  are  rather  large,  with  the 
male  and  female  separate  on  the  same  raceme. 
The  fruit  is  a large  drooping  capsule  con- 
taining three  polished  seeds,  greyish  yellow 
mottled  with  purplish  black.  In  the  young 
condition  the  Ceara  rubber  plant  somewhat 
resembles  the  well-known  Cassava  or  ^lan- 
dioca  plant,  and  it  has  similar  swollen  roots. 

The  country  where  the  tree  is  found  in 
North-east  Brazil,  is  described  by  Mr.  Cross 
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in  his  report  to  the  India-ofhce  in  1877,  as 
possessing  a very  dry  arid  climate  for  a con- 
siderable part  of  the  year.  “ This  is  evident  ” 
he  states  “ from  the  fact  that  mandioca  and 
other  crops  require  to  be  irrigated.  The  rainy 
season  is  said  to  begin  in  November,  and  end 
in  May  or  June.  Torrents  of  rain  are  then 
reported  to  fall  for  several  days  in  succession, 
after  which  the  weather  moderates  for  a brief 
space.  According  to  some  statements,  there 
are  occasional  years  in  which  hardly  any  rain 
falls.  This  assertion  concurs  with  the  aspect 
presented  by  the  country  in  general.  The 
daily  temperature  on  board  the  ship  ranged 
from  82°  to  85°  F.,  but  inland  it  is  often 
probably  90°.  The  localities  traversed  by  me 
nowhere  seemed  to  be  elevated  more  than 
200  feet  above  the  sea.”  At  Pacatuba,  about 
forty  miles  from  Ceara  (the  actual  place  where 
the  specimens  were  obtained),  “the  general 
forest  was  tolerably  high,  but  the  sparse,  small 
foliage  did  not  afford  much  shade  from  the 
fierce  rays  of  the  sun.  The  soil  was  in  places 
a sort  of  soft  sandstone  or  gravel,  which  was 
bound  up  in  the  most  extraordinary  manner. 
Neither  grass  nor  w'eeds  grew  among  this 
underwood,  and  there  was  an  entire  absence 
of  ferns,  mosses,  and  other  plants.”  In 
another  place,  somewhat  further  from  the 
coast,  the  traveller,  shortly  after  entering  the 
bush-like  forest,  “ came  on  a large  tract  of 
land  covered  by  immense  masses  of  grey 
granite,  some  of  which  might  be  fifty  tons  or 
more  in  weight.  Rounded  masses  of  the  same 

rock  also  cropped  out  in  many  places 

Many  good-sized  rubber  trees  were  grow- 
ing in  the  spaces  between  these  granite 
masses.  . . . The  situation  was  very  dry, 

but  no  doubt  some  seedlings  had  sprung  up, 
which,  owing  to  numerous  thickets  of  shrubs, 
were  not  perceived.” 

The  Ceara  rubber  plant  was  first  brought 
into  prominence  in  1876,  when  Mr.  Cross, 
employed  by  the  India-ofhce,  brought  to  Kew 
seeds  and  plants,  from  which,  during  the  next 
and  following  years,  consignments  of  plants 
were  distributed  to  India  and  Ceylon,  and  all 
parts  of  our  Eastern  and  Western  possessions. 
At  the  end  of  1877,  supplies  of  seed  were  pro- 
duced in  Ceylon.  From  that  time,  the  distri- 
bution of  the  plant  was  assured  in  all  tropical 
countries. 

Of  Ceara  rubber  there  are  imported  into  this 
country  about  200  to  300  tons  per  annum. 
There  are  three  grades  found  in  commerce, 
varying  according  to  the  mode  of  tapping  the 
trees  and  the  care  taken  in  the  preparation. 


When  pure  it  is  regarded  as  almost  next  to 
Para  in  value.  It  is  a “ dry”  rubber,  very  elas- 
tic and  free  from  stickiness.  It  is,  however,  often 
mixed  with  wood  and  foreign  matter,  causing  a 
loss  to  the  manufacturer  amounting  sometimes 
to  25  per  cent.  It  would  appear  that  the  Ceara 
rubber  industry  is  not  extending  in  South 
America,  for  “ every  year  there  is  an  extensive 
migration  of  Ceara  people  to  Para  bound  for 
the  forests  of  the  Amazon.”  In  case  96  in 
Museum  No.  i at  Kew,  are  found  samples 
from  Brazil,  and  also  from  plants  grown  in 
India,  Ceylon,  Natal,  and  Zanzibar.  It  may 
be  mentioned  that  the  rubber  produced  under 
cultivation  in  Ceylon  has  been  sigularly  pure 
and  free  from  impurities.  In  1883,  according 
to  Dr.  Trimen,  “ as  much  as  4s.  per  pound  had 
been  obtained  for  Ceylon  Ceara  rubber.” 

System  of  collecting  the  rubber. — Accord- 
ing to  Cross,  “ this  is  an  operation  of  a veiy 
simple  description.  On  commencing  to  work, 
the  collector  takes  with  him  a stout  knife  and 
a handful  of  twigs  to  serve  as  a broom.  Arriv- 
ing at  a tree,  any  loose  stones  or  dust  are  swept 
from  the  ground  around  the  base,  and  some 
large  leaves  are  laid  down  to  receive  the  drop- 
pings of  milk  which  trickle  down.  Some  do 
not  go  to  the  trouble  of  sweeping  the  ground  cr 
laying  down  leaves,  for  which  reason  the  milk 
adheres  to  sand,  dust,  decayed  leaves,  and 
other  im.purities.  The  outer  surface  of  the 
bark  of  the  trunk  is  pared  or  sliced  off  to  a 
height  of  four  or  five  feet.  The  milk  then 
exudes  and  runs  down  in  many  tortuous  courses, 
some  of  it  ultimately  falling  on  the  ground. 
After  several  days  the  juice  becomes  dry  and 
solid,  and  is  then  pulled  olf  in  strings  and 
rolled  up  in  balls,  or  put  into  bags  in  loose 
masses.  Only  a thin  paring  should  be  taken  off, 
just  deep  enough  to  reach  the  milk  vessels ; 
but  this  is  not  always  attended  to.  Nearly 
every  tree  has  been  cut  through  the  bark,  and 
a slice  taken  off  the  wood.  Decay  then  pro- 
ceeds rapidly,  and  many  of  the  trunks  are 
hollow.  In  this  condition  the  trees  must  yield 
far  less  milk,  and  many  no  doubt  are  broken 
over  by  the  wind,  or  wither  away.  Collecting 
is  carried  on  during  the  dry  season  only,  when 
rain  seldom  falls.” 

Germinatio7t  of  Seed. — In  “ Notes  on  some 
Trees  yielding  India-rubber,”  by  the  late  Dr. 
Trimen,  he  states:  — “The  seed-coat  is  of 
remarkable  thickness,  and  very  hard,  and  the 
natural  process  of  germination  occupies  a long 
period — it  is  said  more  than  a year.  All  that  is 
necessary  to  hasten  this,  if  desired,  is  to  assist 
the  seed  coat  in  splitting.  This  is  best  effected 
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by  holding  the  seed  firmly,  and  rasping  off 
with  a file  both  edges  at  the  radicular  end.  It 
is  best  not  to  file  off  the  actual  end,  as  it  may 
thus  easily  happen  that  the  radicle  of  the 
embryo  may  be  injured.  After  this  treatment, 
properly  performed,  the  young  plant  appears 
above  ground  in  two  or  three  weeks.  The 
seedlings  require  no  particular  attention.  They 
grow  rapidly  and  may  finally  be  planted  out  at 
distances  of  20  feet.  A peculiarity  which  they 
share  with  their  close  relative  the  mandioc  is 
the  possession  of  large  tubers  on  the  spreading 
roots.  The  trees  at  Peradeniya,  from  which 
seed  has  been  distributed  to  Burma,  India, 
Jamaica,  &c.,  flowered  at  the  age  of  18  months, 
and  at  the  present  time  (2^  years)  the  larger 
ones  form  branching  trees  about  25  or  30  feet 
high,  with  a stem  i ft.  9 ins.  in  circumference 
at  a yard  from  the  base,  and  a smooth,  silvery 
birch-like  bark  readily  peeling  off ; being 
about  half  the  size  of  those  which  Mr.  Cross 
describes,  and  which  may  be  assumed  to  have 
been  fully  grown.” 

Propagating  aiid  Planting.  — Mr.  Cross 
suggests  “ the  formation  of  plantations  by 
cuttings,  which  will  take  root  as  easily  as  a 
willow.  These  should  be  taken  from  the  points 
of  strong  shoots  and  may  be  one  foot  in  length. 
In  planting,  each  cutting  may  be  put  dow'n  in 
the  soil  to  a depth  of  six  inches.  If  scarce, 
the  entire  shoot  may  be  cut  into  pieces,  each 
possessing  a bud,  all  of  which  will  grow  if 
covered  with  half  an  inch  or  so  of  soil.  On 
loose  sandy  soils  or  exhausted  coffee  land, 
plantations  may  be  formed  at  little  expense. 
Hard  dry  gravelly  wastes,  if  found  to  support 
any  kind  of  bush,  are  also  suitable  sites.  Holes 
might  be  made  in  strong  land  with  an  iron 
jumper  and  a stout  cutting  put  into  each  and 
filled  with  pebbles.  On  bare  or  thinly  covered 
portions  of  rock  the  cuttings  might  be  laid 
down  flat,  and  a little  heap  of  stones  or  any 
kind  of  debris,  about  the  size  of  a molehill, 
piled  over  each,  care  being  taken  that  the 
extreme  point  of  each  cutting  with  a bud  is  left 
uncovered.  I do  not  advocate  planting  in  an 
entirely  barren  desert,  but  wherever  there  is 
any  sort  of  stunted  tree  or  scrub  vegetation, 
with  an  occasional  sprinkling  from  a monsoon 
shower,  the  tree  is  likely  to  prosper.” 

Dr.  Trimen  adds  : — “ Experience  of  the  plant 
in  the  botanic  garden  here  has  proved  the 
general  accuracy  of  the  above  remarks.  There 
can  be  no  doubt  of  the  hardiness  of  the  species, 
its  readiness  of  culture,  and  adaptability  to 
circumstances.  It  grows  equally  readily  from 
seed  or  from  cuttings,  and,  though  a native  of 


a tropical  sea-level,  thrives  well  here  in  Ceylon 
up  to  at  least  a level  of  3,000  feet  and  on  the 
most  barren  soils.  It  has  succeeded  equally  in 
Calcutta  and  Madras,  but  the  w'et  season  seems 
to  have  killed  it  at  Singapore.  It  would  seem 
especially  adapted  for  the  dry  and  barren 
districts  of  our  eastern  and  northern  provinces, 
or  in  the  higher  districts,  but  it  would  not 
be  wise  to  risk  it  in  localities  where  the 
temperature  is  liable  to  fall  below  60®  E.” 
(Eig.  12,  p.  768.) 

The  cultivation  of  the  Ceara  rubber  tree  was 
carried  on  with  considerable  energy  in  Ceylon 
for  many  years.  Numerous  experiments  were 
made  to  find  out  the  best  means  for  tapping 
the  trees  and  producing  the  rubber  in  com- 
mercial quantities. 

The  following  note  by  Dr.  Trimen,  published 
in  his  report  for  the  year  1883,  gives  an  excel- 
lent summary  of  the  results  up  to  that  year  : — 

“A  planted  area  of  977  acres  is  credited  to  this 
cultivation,  but  rubber  has  not  yet  appeared  amon<; 
our  exports.  Since  it  has  been  ascertained  that  the 
quality  is  excellent,  cultivators  have  been  endeavour- 
ing to  discover  a means  by  which  the  milk  can  be 
obtained  at  a cost  sufficiently  low  to  give  a return,  but 
without,  as  yet,  encouraging  results.  The  removal  of 
the  outer  separable  bark  has  been  objected  to  on  the 
ground  that  the  bark  formed  in  its  stead  is  of  a 
different  character,  very  hard  and  inseparable  from  tl  e 
green  layer  a second  time.  Instniments  have  there- 
fore been  devised  for  bleeding  without  such  removak 
A knife  with  two  parallel  blades,  which  took  out  a 
strip  of  bark,  has  been  modified  into  one  in  which  the 
very  sharp  cutting  edges  meet  to  form  a V,  the  basal 
angle  during  use  being  at  the  cambium.  Another 
invention  avoids  all  cutting,  being  a double  spur-like 
wheel  with  sharji  but  guarded  points,  which  puncture 
the  bark  without  further  injury.  The  milking  (one 
can  scarcely  call  it  tapping)  has  also  been  practised  on 
trees  of  various  ages  and  at  different  inter^aks  and 
seasons.  While  it  is  found  that  the  yield  of  individual 
trees  varies  extremely,  none  of  the  experiment ors  are 
satisfied  that  the  small  quantity  obtainable  by  jiresent 
methods  is  sufficient  to  make  the  cultivation  profitable 
at  the  existing  price  of  rubber.  !Mr.  Wall,  however, 
who  states  that  hundreds  of  young  trees  have  been 
bled  daily  with  the  ‘ pricker  ’ for  some  weeks,  and 
that  thus  a coolie  can  collect  about  half  a pound  of 
dry  rubber  per  diem,  thinks  that,  if  trees  will  bear  this 
treatment  for  240  days  in  the  year,  the  cultivation 
would  be  remunerative.  It  appears  evident  that 
milking  must  be  repeated  at  frequent  intervals,  and 
(as  often  already  pointed  out)  the  cultivation  be  con- 
ducted on  a large  scale.  Much  of  the  35,000  acres  in 
private  hands  in  Ceylon,  at  present  growing  nothing 
but  Laniana  and  other  weeds,  is  suitable  for  this 
hardy  plant,  which  costs  nothing  to  cultivate,  aflbrds 
a substance  of  a value  which  is  continually  increasing. 
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and  awaits  only  the  discovery  of  a process  by  which 
the  latter  can  be  cheaply  and  exhaustively  extracted.” 

Dr.  Trimen’s  final  views  are  given  in  his  re- 
port for  the  year  1890  : — 

“Interest  in  Ceara  rubber  has  of  late  years  veiy 
much  died  away,  the  yield  of  rubber  having  been 
found  too  small  to  satisfy  the  planter’s  expectations. 
Thus  I have  made  no  report  on  it  since  1884.  There 
are,  however,  considerable  plantations  on  some  estates, 
and  now  that  the  trees  are  older  it  is  found  to  be 
profitable  to  harvest  the  product.  Several  shipments 


to  dry  on  the  tree,  and  are  picked  off,  the  resulting 
product  being  quite  like  ‘ Ceara  scrap  ’ of  commerce, 
but  in  small  tears.  The  present  opinion  of  planters 
seems  to  be  that  this  kind  of  rubber  pays  to  harvest, 
but  not  to  cultivate,  and  they  are  prepared  to  destroy 
their  trees  to  get  the  crop.  But  even  on  such  a 
system  (which  has  largely  been  followed  here  vith 
cinchona)  extensive  areas  of  bad  soil  could  surely  be 
profitably  occupied  with  this  tree,  so  grown  as  to 
provide  a crop  annually  ready  for  tapping.” 

In  Madras,  at  Chatrapur,  Ceara  rubber  trees 


Fig  12. — Tree  Yielding  Ceara  or  MAN190BA  Rubber  {Manihot  Glaziovii,  Muell.  Arg.). 

Growing  on  Mahadoya  Estate,  Lunugala,  Ceylon.  From  a photograph  in  the  Kew  Museum,  presented  in  1883,  by  Mr.  A. 
T.  Karslake.  This  tree  is  about  six  years  old.  The  low  bushes  in  the  foreground  are  Liberian  coffee. 


have  been  made  to  London  during  the  past  year,  and 
ha\  e realised  very  good  prices.  Of  course  the  quanti- 
ties have  not  been  large.  One  shipment  of  4cwt. 
fetched  is.  81,d.  to  is.  9|d.  per  lb.  net,  showing  a 
profit  here  of  about  37  cents  (of  a rupee)  per  lb.  A 
])lanter  estimates  the  cost  of  collection  at  about 
36  cents  per  lb.,  and  reckons  that  trees  of  eight  years 
old  afford  at  least  3 ozs.,  whilst  some  ten  years  old 
gave  half  a pound.  The  collection  is  done  jn  a 
somewhat  primitive  way  during  the  dry  season,  Janu- 
ary to  March.  After  the  outer  flaky  layers  of  bark 
liave  been  jjeeled  off,  the  inner  bark  is  pricked 
copiously  ; the  tears  of  rubber  which  exude  are  allowed 


have  done  well.  Samples  of  the  rubber  have 
been  valued  (in  1896)  at  is.  6d.  to  2s.  per  pound. 
The  plants  have  not  done  well  in  other  parts  of 
India,  and  they  have,  apparently,  failed  in 
the  Straits  Settlements,  Zanzibar,  and  West 
Africa.  In  the  West  Indies  there  has  been 
no  difficulty  in  giwing  the  trees  ; they  are 
reported  to  have  done  remarkably  w'ell  in 
Jam  aica  and  Dominica,  but  no  rubber  has  been 
obtained  from  them.  It  is  possible  that  with 
renewed  attention  to  the  trees  more  definite 
results  may  follow. 
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The  following  recent  information  respecting 
Ceara  rubber  is  taken  from  the  ICew  Bulletin, 
for  January-February,  1898,  pp.  13-15.  This 
was  obtained  as  the  result  of  a visit  made  to 
the  north-east  coast  of  Brazil  by  Mr.  hisme 
Howard,  and  Mr,  R.  H.  Biffen,  Demonstrator 
in  Botany  at  the  University  of  Cambridge, 
during  1897.  The  occurrence  of  the  plant  at 
an  elevation  of  3,600  feet,  and  the  wide  range 
of  conditions  under  which  it  appears  to  thrive, 
are  facts  that  have  not  hitherto  been  fully 
recognised.  It  is  quite  possible  that  we  may 
yet  see  successful  plantations  of  Ceara  rubber 
trees  established  in  districts  that  have  been 
regarded  as  unsuitable,  and  under  conditions 
that  may  afford  a sufficient  yield  of  rubber  to 
render  the  enterprise  remunerative.  Mr.  Biffen 
has  furnished  the  following  particulars  as  the 
result  of  personal  observations  on  trees  in  the 
wild  state  : — 

“ The  leaves  fall  in  August  and  September.  Seeds 
jiroduced  very  abundantly ; ripe  in  September ; they 
keep  their  power  of  gemiination  well.  The  tree  is 
apparently  very  liable  to  a dry-rot,  for  rotten  branches 
are  continually  falling.  Growth  is  very  rapid  ; in 
Baturite  we  saw  one-year  old  plants  10  to  12  feet 
high  ; in  five  to  six  years  it  is  ready  to  tap ; then  it  is 
some  25  feet  high  and  8 to  9 inches  in  diameter. 
Propagated  either  from  cuttings  or  from  seeds.  So 
far  nurseries  have  failed  in  Ceara.  Shade  for  established 
trees  is  unnecessary.  Large  plantations  are  now  being 
made  in  the  district. 

“ The  tree  has  a singularly  wide  range  of  conditions  ; 
it  grows  in  the  desert  plains  where  rainfall  is  said  to 
be  under  50  inches,  and  the  vegetation  is  scorched  up 
for  the  greater  part  of  the  year  ; also,  in  the  moun- 
tains (plantation  at  3,500  feet  at  Monte  Alegre)  where 
rainfall,  I should  say  roughly,  is  over  100  inches.  In 
the  mountains  the  temperature  falls  even  below  60°  F. 
at  night.  The  tree  is  never  found  in  marshy  soil ; 
apparently  it  thrives  best  in  somewhat  scanty  soil 
among  granite  boulders. 

“ The  rubber  is  exported  in  three  forms: — {a.)  In 
pale  yellow-brown  threads,  ^ inch  in  diameter,  and 
several  inches  in  length,  obtained  by  peeling  off  the 
thin  layer  of  old  bark,  and  making  a slight  incision 
with  a narrow-bladed  axe.  A small  quantity  of 
latex  flows  and  coagulates  on  the  trunk,  {h.)  In 
small  flat  caltes,  prepared  by  tapping  the  base  of  the 
tree,  and  allowing  the  latex  to  flow  on  the  ground 
and  coagulate  there.  Hence,  the  rubber  contains 
large  quantities  of  dirt  on  its  lower  surface,  which  is 
removed  to  a certain  extent  by  rubbing  in  coarse- 
meshed  sieves,  (c.)  By  smoking  with  the  vapour 
from  the  burning  nuts  of  a palm,  in  a similar  manner 
to  Para  rubber.  So  prepared,  it  contains  a large 
quantity  of  water,  which  partially  sweats  out  on 
exposure  to  the  heat  of  the  sun.  The  exudation  on 


evaporation  leaves  a brown  resinous  substance.  This 
last  method  is  becoming  very  general. 

“ To  collect  the  latex  small  tin  cups  are  used  ; each 
tree  is  tapped  80  days,  divided,  by  an  inten  al  of  about 
three  months,  into  two  j)eriods  of  forty  each.  Under 
this  system  the  tree  is  said  to  live  for  15  to  20  years. 
The  tapping  is  always  done  in  the  dry  seas^jn  from 
July  to  December.  The  average  yield  j;er  tree  is  from 
^ to  kilos,  (i  to  3 lbs.)  per  year;  coagulation  may 
be  effected  by  churning,  or  by  the  addition  of  an 
excess  of  water,  or  salt  solution.  In  the  former  case 
the  rubber  particles  w'hich  are  unprotected  by  any  film 
(as  the  fat  particles  of  milk  are)  simply  adhere  to  form 
a mass. 

“ In  the  case  of  the  addition  of  excess  of  water, 
salt,  or  smoking,  coagulation  is  brought  about  by 
means  of  the  globulin  present  (Green,  ‘ }’roc.  Roy. 
.Soc.,’  1886,  p.  39),  this  coagulates  at  74 — 76°  C.,  or 
on  dilution.  See.,  and  tangles  up  the  rubber  particles 
in  its  meshes,  much  as  white  of  egg  gathers  up 
particles  in  suspension  wLen  used  for  clearing  jellies.” 

The  result  of  experience  so  far  rained  in 
the  experimental  cultivation  of  the  Ceara 
rubber  plant  is  summarised  in  the  Bulletin  as 
follows  : — 

“ I.  The  plant  is  readily  propagated  both 
from  seeds  and  cuttings.  Seeds  are  abun- 
dantly produced  in  almost  every  part  of  the 
world  where  the  plant  has  been  introduced. 
They  may  be  gathered  from  plants  when  only 
three  to  five  years  old.  There  is  therefore  the 
great  advantage  that  a large  area  could  be 
planted  within  a comparatively  short  period. 
Sowing  the  seeds  in  the  position  where  they 
are  to  grow  permanently  is  universally  adopted 
in  Brazil.  It  is  possible,  if  adopted  elsewhere, 
this  plan  would  greatly  reduce  the  cost  of 
establishing  plantations. 

“2.  The  Ceara  rubber  plant  is  very  hardy,  a 
fast  grower,  free  from  insect  and  fungoid 
attacks,  requires  little  or  no  attention  when 
once  established,  and  thrives  in  poor,  dry,  and 
rocky  soils  unsuited  to  almost  any  other  crop. 
It  is  evident,  however,  that  the  yield  of  a few 
trees  cannot  be  remunerative,  and  only  large 
areas  can  hope  to  make  the  industry  a paying 
one. 

“3.  It  produces  a good  class  of  rubber, 
second  only,  when  w'ell  prepared,  to  the  best 
Para  rubber.  For  this,  there  is  a steady  and 
continuous  demand.  The  yield  per  tree  is 
apparently  small,  but  a return  is  obtained 
earlier  than  from  any  other  rubber  plant.  With 
thick  planting  and  judicious  thinning  as  the 
trees  grow  up,  it  may  be  possible  to  increase 
the  yield  hitherto  recorded  ; while  with  skilful 
treatment  the  permanent  trees  may  be  tapped 
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twice  yearly,  and  last  in  a productive  state  for 
15  to  20  years. 

“4.  In  spite,  therefore,  of  the  apparent  want 
of  success  which  so  far  has  attended  experi- 
ments with  Ceara  rubber  plants  in  Ceylon  and 
other  countries,  the  increasing  importance  of 
rubber  as  an  article  in  large  demand  in  all 
civilised  countries  at  good  prices,  suggests  a 
reconsideration  of  the  merits  of  this  interesting 
plant.  In  many  of  our  colonies  possessing  a 
dry  climate  and  a poor  stony  soil,  it  is  possible 
that  large  areas  could  be  profitably  occupied 
with  Ceara  rubber  trees  so  grown  as  to  provide 
annual  crops  for  tapping.” 

Commenting  on  the  above  the  Ceylon  Ob- 
server, a high  authority  on  tropical  subjects, 
states,  “we  feel  very  strongly  that  more  might 
be  done  in  Ceylon  with  Ceara  rubber  and  that 
cultivation  was  not  persevered  with,  ten  years 
ago,  because  of  the  ‘ boom  ’ in  tea.  But  now 
in  dry  districts  not  suitable  for  Para  the  Ceara 
kind  might  well  be  planted.” 

Mangabeira  Rubber. 

The  tree  yielding  this  rubber  is  known  in 
Brazil  as  Mangaba  or  Mangabeira.  It  is 
Hancornia  s-peciosa,  Com.,  belonging  to  the 
Dogbanes  {Apocynacece).  It  is  usually  small 
and  slender,  somewhat  resembling  the  weeping 
birch  in  habit,  with  drooping  branches  and 
small  oblong  leaves,  sharp  at  the  base  and 
rounded  but  with  a short  point  at  the  apex. 
It  bears  a delicious  fruit,  which  is  a great 
favourite  with  the  Brazilians,  but  it  is  only  fit 
to  eat  when  perfectly  ripe  and  after  being  kept 
for  a short  time.  It  is  about  the  size  of  a plum, 
of  a yellow  colour  marked  with  red  spots  or 
streaks. 

The  Mangabeira  is  found  nearly  all  over 
Brazil.  It  flourishes  on  loose  sandy  soils  un- 
suitable for  almost  any  other  crop.  Its  northern 
limit  is  on  the  Rio  Negro.  It  extends  to  the 
Peruvian  frontier  on  the  west ; on  the  east  it  is 
found  in  the  States  of  Pernambuco,  Bahia, 
Goyaz,  Minas  Geraes,  Rio  Janeiro,  and  Sao 
Paulo ; it  is  found  also  in  Central  Brazil  in  the 
southern  portions  of  the  State  of  Matto  Grosso. 
What  may  be  a similar,  or  probably  the  same, 
species  was  collected  by  Balansa  at  Jacuati, 
south-east  of  Concepcion  in  Paraguay.  In 
any  case,  it  produces  caoutchouc. 

One  of  the  earliest  notices  of  the  Hancornia 
as  a source  of  india-rubber  appears  in  the 
Report  of  the  British  Association,  1855,  p.  103, 
by  the  Chevalier  de  Claussen.  He  stated  ; — 

“ In  the  course  of  my  travels  as  botanist  in  South 
America,  I had  occasion  to  examine  the  different 


trees  which  produce  india  - rubber,  and  of  which 
Hancornia  speciosa  is  one.  It  grows  on  the  high 
plateaux  of  South  America,  between  the  tenth  and 
twentieth  degrees  of  latitude  south,  at  a height  from 
3,000  to  5,000  feet  above  the  level  of  the  sea.  It 
bears  a fruit  in  form  not  unlike  a bergamot  pear,  and 
full  of  a milky  juice,  which  is  liquid  india-rubber.  To 
be  eatable,  this  fruit  must  be  kept  two  or  three  weeks 
after  being  gathered.  It  is  regarded  by  the  Brazilians 
(who  call  it  Mangava)  as  superior  to  all  other  fruits  of 
their  country.  A beverage  is  also  made  from  it,  and 
also  conserves  or  ‘ doces.’  I have  tried  to  mix  the 
rubber  with  resinous  or  oily  substances,  in  combina- 
tion with  tannin,  and  have  succeeded  in  making 
compounds  which  can  be  mixed  in  all  proportions 
with  gutta-percha  or  india-rubber  without  altering 
their  characters.” 

The  following  is  taken  from  the  “ Kew 
Report  ” for  1880,  p.  47  : — “ Hancornia 
speciosa. — Our  attention  being  drawn  to  this 
plant  as  the  source  of  Mangabeira  rubber, 
steps  were  taken  to  obtain  through  correspond- 
ents a supply  of  seeds.  These  we  have  re- 
ceived, and  the  plants  raised  from  them  will, 
in  due  course,  be  distributed.” 

Consul  Bonham,  in  1879,  reported  : — 

“Mangabeira  rubber  is  obtained  from  the  trees  of 
that  name,  which  are  to  be  found  in  large  numbers  in 
the  interior  of  Pernambuco,  as  well  as  of  the  other 
northern  provinces.  The  reports  which  I hear  have 
been  received  from  Liverpool  of  the  reception  of  this 
article  are  far  from  favourable  ; the  price  went  up  to 
2s.  7d.  per  lb.,  but  has  fallen  again,  and  it  would 
appear  that  is.  per  lb,  is  about  the  price  obtainable  in 
England  in  ordinary  times.  The  method  employed  in 
the  preparation  of  the  rubber  is  very  primitive,  and,  I 
think,  may  easily  account  for  the  article  not  being 
well  received.  If  the  milk  were  treated  in  a more 
careful  manner,  there  seems  no  reason  why  the  rubber 
should  not  be  favourably  received.  At  present  the 
plan  adopted  is  simply  to  mix  alum  with  the  milk, 
which  causes  it  to  coagulate  ; the  lumps  of  rubber  are 
then  placed  in  the  sun,  after  which  they  are  sent  to 
the  market.  From  this  defective  mode  of  preparation 
a great  loss  of  weight  afterwards  occurs,  frequently 
as  much  as  40  to  50  per  cent.,  some  say  even  more.” 
The  Kew  Bulletin,  1892,  p.  69,  quotes  the 
following  particulars  : — • 

“From  Bahia  and  Pernambuco,  in  Brazil,  comes 
a rubber  of  a different  grade  from  that  of  Para.  It  is 
cured  with  alum  and  water.  The  Pernambuco  comes 
in  sheets,  and  is  of  a yellowish  white  tint ; that  from 
Bahia  is  not  so  good,  and  comes  in  round  balls.  The 
principal  objection  to  it  is  that  it  is  very  damp, 
entailing  a large  loss  to  the  importer  from  shrinkage. 

“ Of  Mangabeira  rubber  there  are  three  grades, 
very  similar  to  the  Bahia  and  Pernambuco  sorts.  A 
grade  that  has  a red  look  is  considered  superior,  and 
sells  for  five  or  ten  cents  per  pound  higher  than  the 
others.” 
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An  account  of  the  mode  of  tapping  Han- 
cornia  trees  and  preparing  the  rubber  in 
Pernambuco  was  given  in  the  Journal  of  the 
Society  of  Arts,  1880,  p.  634.  The  tapping  is 
done  by  incisions  as  in  the  case  of  Para  rubber 
trees,  or  by  a long  spiral  cut.  The  milk  runs 
rapidly  at  first  then  very  slowly ; it  is  of  a pale 
pink  colour  due  to  a colouring  matter  in  the 
young  bark.  The  latex  is  coagulated  by  the 
use  of  alum.  According  to  Mr.  Biffen  it  is 
also  “clotted”  by  adding  an  excess  of  com- 
mon salt.  The  latter  treatment  causes  the 
rubber  to  be  full  of  cavities  and  wet  or  spongy. 
The  more  advantageous  method  would  be  to 
treat  it  by  centrifugalasing,  as  already  de- 
scribed. 

Fuller  details  of  the  Mangabeira  rubber  in- 
dustry are  contained  in  the  Special  Consular 
reports  on  india-rubber,  issued  by  the  United 
States  Government  in  1892,  pp.  394-397.  The 
largest  production  of  Mangabeira  rubber  takes 
place  in  the  States  of  Minas  Geraes,  and 
Goyaz,  whence  one-half  is  shipped  to  Rio  de 
Janeiro  and  the  other  half  to  Bahia.  That  to 
Bahia  is  brought  some  distance  down  the  river 
San  Francisco,  then  by  mules,  and  lastly  by 
rail,  until  it  arrives  at  Bahia.  The  export  of 
crude  rubber  in  1889  was  about  134  tons. 
There  is  an  export  duty  of  14  per  cent.  No 
experiments  appear  to  have  been  made  in 
cultivating  the  tree.  The  exports  from  Per- 
nambuco, in  1896,  were  54  tons,  of  the  value  of 
^1,800  ; from  Bahia,  in  1892,  they  were 
4,362  packages  of  the  value  of  J22,S26,  and  in 
1893  3,293  packages  of  the  value  of  £20,  f 2. 

A small  quantity  of  india-rubber  from  the 
State  of  Matto  Grosso  (probably  Mangabeira) 
was  exported  by  the  River  Parana  through 
Paraguay. 

According  to  the  United  States  Consul  at 
Buenos  Ayres,  “ in  the  forest  of  the  Gran 
Chaco,  as  also  in  the  Republic  of  Paraguay 
there  is  a tree  whose  name  in  the  Guarani 
language  is  Manga-ice  (probably  Hancornia 
sleciosa),  which  is  everywhere  very  abundant, 
from  the  sap  of  which  a most  excellent  gum 
elastic  is  obtained  . . . the  industry  is  carried 
on  to  a considerable  extent  but  in  a very  primi- 
tive way  in  Villa  San  Pedro,  Paraguay.” 

Matto  Grosso  Rubber. 

Matto  Grosso  is  the  second  largest  Brazilian 
state,  and  more  than  twice  the  size  of  the 
German  Empire.  Of  late  years  rubber  has  been 
largely  exported  from  the  State.  That  obtained 
from  the  northern  part  is  shipped  from  Para, 
and  is  known  as  Virgin  sheet  and  Para  htanc 


(Fr.) ; also  under  its  general  name  of  Matto 
Grosso  rubber.  The  interior  of  the  mass  is  of  a 
rich  cream  colour  marbled  with  irregular  dark 
lines.  It  is  doubtless  yielded  by  one  or  other 
of  the  numerous  species  of  llevea.  Another 
sort  of  Matto  Grosso  rubber  is  obtained  from 
the  southern  part  of  the  State  and,  as  already 
mentioned,  it  is  probably  oh)tained  from  Han- 
cornia  speciosa. 

Colombian  Rubijkr. 

P'rom  the  singular  geographical  position  of 
the  United  States  of  Colombia,  it  is  evident 
that  they  produce  rubbers  obtained  from 
several  plants.  In  Panama,  Darien,  the  Mag- 
dalena Valley,  and  the  western  coast  as  far  as 
the  frontier  of  Picuador,  the  principal  rubber 
plant  is  Castiltoa  elastica,  yielding  Darien, 
Cartagena  Barranquilla  and  Guayaquil  rubber 
of  commerce.  In  the  extreme  south-eastern 
parts,  where  arise  numerous  tributaries  of  the 
Amazon  there  are  probably  found  some  species 
of  Hevea,  whose  rubber  is  exported  from  Para. 

Besides  these  there  is  a rubber  produced  in 
the  Colombian  Andes  at  elevations  of  6,000  to 
8,000  feet,  known  in  commerce  as  “ Colombia 
Virgen  ” or  “Colombian  Scrap.”  It  is  de- 
scribed as  produced  in  the  department  of  Tolima, 
in  the  interior  of  the  country,  it  is  “yellowish, 
clean,  and  does  not  require  to  be  pressed;  ” 
also  “as  superior  to  the  coast  rubber,  and 
worth  in  1890  3s.  to  3s.  3d.  per  pound.”  It 
has  been  chiefly  exported  to  the  United  States 
market,  and  realised  prices  second  only  to 
Para  rubber.  The  plant  yielding  at  least 
some  of  this  rubber  has  been  identified  as  one 
of  the  numerous  varieties  of  Sapium  big- 
landulosum.  Of  late  years  the  trees  have 
been  ruthlessly  destroyed,  and  there  is  now  but 
little  rubber  exported  (A^rc;  Bulletin,  1890, 
pp.  149-158,  and  1892,  p.  70). 

Venezuelan  Rubber. 

The  rubber  exported  from  Bolivar  on  the 
Orinoco  is  probably  obtained  from  the  upper 
waters  of  the  Rio  Negro  and,  as  stated  by  Dr. 
Ernest,  is  yielded  is  by  a species  of  Hei'ca. 
Hevea  be7ithamia7ia  appears  to  be  cultivated  in 
one  locality  in  Venezuela.  There  are  doubtless 
other  rubber-yielding  trees  to  be  found  in  the 
country.  A small  specimen  of  rubber  was 
lately  received  from  Venezuela  (through  Mr.  J. 
H.  Hart,  of  Trinidad)  of  excellent  quality. 
The  plant  yielding  it  was  stated  to  cover 
immense  tracts  of  country.  The  only  clue 
submitted  was  a single  seed.  This  was  of  a 
bright  chestnut  colour  resembling  in  size  and 
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form  that  of  Manihot  Glaziovii,  but  not 
mottled.  There  is  little  doubt  that  the  plant  is 
a species  of  Manihot,  but  it  is  impossible  from 
the  seed  alone  to  determine  it. 

British  Guiana  Rubber. 

There  are  several  species  of  Hevea,  of  which 
H.  paucijlora  and  H.  dubia  have  been  de- 
scribed, growing  in  British  Guiana.  These 
trees  are  found  in  the  upper  basins  of  the 
Essequebo  and  Mazaruni  rivers.  A plant  known 
as  Macwarrie-balli  [Forsteronia  gracilis),  a 
climber  closely  allied  to  the  Milk-wythe  of 
Jamaica  is  likely  to  yield  a useful  rubber, 
also  a species  of  Ficus  known  as  Cumaka- 
balli  and  the  Touchpong,  probably  Sapium 
biglandulosum.  So  far  the  rubber  trees  of 
British  Guiana  have  not  been  fully  investi- 
gated. It  has  been  suggested  that  where 
species  of  Hevea  are  fairly  plentiful,  natural 
plantations  should  be  established ; also  that 
Hevea  brasiliensis  might  be  introduced  for 
cultivation  on  interior  river  lands. 

Jamaica  Rubber. 

A climbing  plant,  known  as  the  Milk-wythe 
of  Jamaica  {^Forsteronia  Jloribunda),  found  in 
the  interior  woods  of  the  parishes  of  Man- 
chester and  St.  Elizabeth,  yields  an  excellent 
rubber.  Attention  was  first  drawn  to  the  plant 
by  the  writer  in  the  “ Reports  of  the  Botanical 
Departments,”  1883,  p.  17,  and  1884,  pp.  46- 
47.  A sample  of  the  milk  was  received  in  this 
country  in  1888.  The  rubber  extracted  from  it 
was  pronounced  to  be  “remarkably  good.” 
Further,  “ in  colour  and  strength  it  approached 
more  nearly  to  the  better  descriptions  of  Para 
rubber  ; mixed  with  sulphur  and  treated,  it 
vulcanised  perfectly,  and  was  solid,  firm,  and 
strong  ” {^Kew  Bulletin,  1888,  p.  294). 

Other  Rubber  Plants. 

Of  other  New  World  and  rubber  plants,  men- 
tion may  be  made  of  the  Cow  tree  or  “ Palo  de 
Vaca  ” {Brosimum  Galactodendron),  of 
tropical  South  America.  It  is  a large  forest 
tree  yielding  a milk  commonly  used  as  food.  It 
contains  some  caoutchouc  but  mixed  with  30 
per  cent,  of  resin.  According  to  Humboldt  a 
plant  known  botanically  as  Siphocampylos 
Caoutchouc,  growing  in  the  valley  of  the  Mayo 
river  in  Colombia,  yields  rubber,  as  also  S. 
Janiesonianus,  of  Ecuador.  The  latter  is  one 
of  the  several  plants  called  “Jeve.”  Couma 
utilis,  another  “ Cow  tree,”  native  of  North 
Brazil  near  Manos,  yields  a milky  fluid  used 
for  waterproofing  purposes,  A similar  use> 


according  to  Spruce,  is  made  of  the  milk  of  a 
tree  called  “Cumai,”  frequent  on  the  Rio 
Negro  and  Vaupes. 


General  Notes. 

4 

Antique  Furniture  in  France. — The  United 
States  Consul  at  Marseilles,  in  a recent  report  to  his 
Government,  calls  attention  to  a law  dealing  with 
curio  and  antique  furniture  dealers,  which  has  lately- 
been  issued.  This  law  may  be  of  service  to  the  many 
strangers  who  visit  France  with  the  expectation  of 
buying  articles  of  the  above  description,  possessing 
artistic  or  historic  value.  The  vital  feature  of  the  law 
is  the  obligation  now  resting  upon  all  brokers, 
dealers  in  old  furniture,  linen,  clothes,  jewels,  books, 
dishes,  arms,  and  other  articles,  to  keep  an  oflRcial 
register,  signed  by  the  commissary  of  police  or  the 
mayor,  containing  “ day  by  day,  without  blanks  or 
erasures,  the  name,  surname,  character,  and  dwelling 
of  those  w-ith  whom  the  said  broker  has  contracted  ; 
also  the  nature,  quality,  and  price  of  all  said 
merchandise,  and  said  register  must  be  forthcoming 
on  demand.”  Penalties  are  prescribed  for  violation 
of  the  foregoing  provision,  the  object  of  which  is  to 
prevent  fraud  in  the  exchange  of  old  and  second- 
hand goods,  especially  such  as  are  sought  by 
collectors. 


Obituary. 


Sir  F.  D.  Bell,  K.C.M.G.,  C.B.— The  death  of 
Sir  Francis  Dillon  Bell,  formerly  Speaker  of  the  New 
Zealand  House  of  Representatives  and  Agent-General 
for  New  Zealand  in  England,  is  announced  by  the 
Sidney  correspondent  of  the  limes.  Sir  Francis  who 
■was  the  son  of  Mr.  Edward  Bell,  of  Hornsey,  was  born 
in  1822,  and  at  the  age  of  17  entered  the  service  of  the 
New  Zealand  Company.  On  the  surrender  of  the 
charter  of  the  company  in  1851  he  became  Commis- 
sioner of  Crown  lands,  and  five  years  later  he  formed 
(in  conjunction  with  Mr.  Sewell)  the  first  responsible 
Ministry  for  the  Colony,  in  which  he  held  the  office  of 
Colonial  Treasurer.  In  1856  he  was  appointed  to  the 
office  of  Commissioner  of  Land  Claims.  He  w-as 
subsequently  elected  Speaker  of  the  House  of  Repre- 
sentatives, an  office  which  he  held  for  five  years.  In 
1881  he  succeeded  Sir  Julius  Vogel  as  Agent-General 
in  London.  He  took  an  active  part  in  the  Colonial 
and  Indian  Exhibition,  and  in  1887  he  was  a delegate 
to  the  Colonial  Conference.  He  retired  in  1891  and 
received  the  thanks  of  the  Legislative  Council  for  his 
services.  Sir  Erancis  Bell  was  elected  a member  of 
the  Society  of  Arts  in  1881,  and  w-as  a member  of  the 
Council  from  1884  to  1887.  He  was  a Vice-President 
from  1888  to  1891,  and  on  several  occasions  he  took 
the  chair  at  the  evening  meetings. 
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CANTOR  LECTURES. 
SOURCES  OF  COMMERCIAL  INDIA- 
RUBBER. 

By  Dr.  D.  Morris,  M.A.,  C.M.G. 

Leciui'e  II. — Delivered  April  25,  1898. 
African  Rubber. 

The  development  of  the  rubber  industry  in 
the  equatorial  parts  of  Africa  is  one  of  the 
most  remarkable  incidents  in  recent  years.  As 
regards  the  world’s  commerce  in  rubber  Africa 
now  occupies  the  second  place. 

Up  to  within  a very  late  period  all  the  plants 
yielding  African  rubber  belonged  to  the  single 
genus  Landolphia,  containing  a group  of 
woody  climbers  with  sweet-scented  flowers  and 
edible  pulpy  fruits.  In  1894  a valuable  rubber- 
tree,  a Kickxia,  was  discovered  in  the  colony 
of  Lagos,  and  afterwards  found  to  extend 
along  the  whole  of  the  littoral  of  West  Africa 
from  Sierra  Leone  to  the  Gaboon.  More 
recently  still  a new  and  singular  rubber-yielding 
plant  of  a semi-herbaceous  character  has  come 
into  prominence  in  the  Congo  State.  This  is 
said  to  cover  immense  tracts  of  dry  and  grassy 
country  in  southern  equatorial  Africa.  It 
reaches  as  far  as  Mossamedes  in  lat.  15°  S. 

The  chief  districts  of  export  of  African 
rubber  on  the  West  Coast  are  Senegambia, 
Sierra  Leone,  Gold  Coast,  Lagos,  Niger 
Territory,  Congo  State,  Gaboon,  I.oanda  and 
Benguela.  On  the  East  Coast,  Mozambique, 
Madagascar,  Zanzibar,  Nyasaland  and  German 
East  Africa  are  all  important  rubber-producing 
districts.  As  might  be  expected,  the  rubber 
obtained  from  these  widely-extended  districts 
varies  greatly  in  character.  The  distinguishing 
terms  used  in  commerce  are  based  either  on 
the  form  and  colour  of  the  rubber  or  the 
district  from  which  it  is  exported. 

The  best  sorts  are  generally  obtained  from 


Mozambique  and  Madagascar.  They  are  in 
the  form  of  balls  or  sausage  ; the  latter  consists 
of  spindle-shaped  masses  wound  around  a 
piece  of  wood  which  is  eventually  removed — 
hence  “woodless-sausage”  or  “skins.”  Both 
Mozambique  and  Madagascar  rubber  is  of  a 
pinkish  colour.  Some  of  the  latter  is,  however, 
black  and  of  an  inferior  character.  “ Niggers  ” 
or  “ negro-heads  ” are  balls  of  scrap  rubber; 
“ twists  ” are  sausage-like  masses  composed 
of  rubber  strings  ; “ thimbles  ” are  in  small 
cubes,  “lumps,”  “flakes,”  biscuits,”  “straps,” 
“ strips  ” and  “ tongues  ” are  so  called 
from  the  shape.  'I'here  are  numerous  other 
varieties,  such  as  “red  and  black  twists,” 
“ red  and  black  Portuguese  thimbles,”  “ upper 
Congo  balls,”  “Sierra  Leone  large  ball,” 
“ Uelle  slabs,”  “Cape  Coast  lump,”  while  a 
“potato  rubber,”  so  called  from  its  shape, 
comes  from  Loanda  and  Benguela. 

The  following  I'able  shows  the  rapid  increase 
in  the  imports  of  African  rubber  into  the 
United  Kingdom  during  the  last  eighteen 
years  : — 


Value  of  Imports  of  Rtihher  from  East  and  JVest 
Africa  {including  Madagascar),  distinguishing 
those  fro7ii  Foreign  and  British  Sources. 


1878. 

1888. 

1896. 

Foreign  

£ 

86,752 

£ 

233,250 

£ 

206,972 

British  

38,343 

182,176 

844,840 

Total  .... 

125,095 

415,426 

1,051,812 

Before  describing  in  detail  the  various  rubber- 
yielding  plants  found  in  Equatorial  Africa,  it  is 
desirable  to  discuss  the  distribution  of  the  most 
important  plants  which,  as  already  stated, 
belong  to  Landolphia . This  genus  was  named 
after  M.  Landolphe,  who  commanded  the  West 
African  Expedition  to  which  P.  de  Beauvois 
was  attached  as  botanist.  The  latter  described 
the  first  known  species,  L.  oieariensis,  the 
celebrated  “white  rubber  vine”  of  the  West 
Coast. 

The  Landolphias  belong  to  the  natural  order 
Apocynacese,  which  includes  not  only  the 
African  rubber,  but  also  such  important  rubber- 
yielding  plants  as  Mangabeira  [Hancornia 
speciosa)  of  South  America,  and  the  Willugh- 
beias  and  Lenconotis  of  the  ^lalay  Archipelago. 
Monteiro  (“  Angola,”  I.  p.  31)  describes  the 
Landolphias,  as  they  present  themselves  in  an 
African  jungle,  as  follows  : — 
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“ Creepers  of  all  kinds,  attaining  a gigantic  size,  here 
almost  monopolise  the  vegetation,  clasping  round  the 
biggest  trees  and  covering  them  with  a mass  of  foliage 
and  floAver,  and  forming  most  exquisite  festoons  and 
curtains,  as  they  Aveb,  as  it  were  one  tree  to  another 
in  their  embrace.  No  words  can  describe  the 
luxuriance  of  these  tree  creepers,  particularly  in  the 
vicinity  of  the  shalloAvs,  rivers,  and  riAulets  of  the 
interior.  SeAeral  trees  together,  coA'ered  from  top  to 
bottom  AA'ith  a rich  mantle  of  the  India-rubber 
creeper  [Landolphia  jiorida  ?),  AA’ith  bright,  large, 
dark-green  leaves  somcAA’hat  resembling  those  of  the 
Magnolia,  thickly  studded  AA’ith  large  bunches  of 
purest  AA’hite  jasmine-like  floAvers,  loading  the  air  for 
a considerable  distance  Avith  its  poAA’erful  bitter  almond 
perfume,  and  attracting  a cloud  of  buzzing  insects, 
form  altogether  a sight  not  easily  forgotten.” 

The  Landolphias  are  widely  distributed  over 
the  Avhole  of  tropical  Africa,  and  extend  from 
16^  N.  lat.  to  23°  S.  lat.  The}’  are  found  in 
practically  all  the  forest  regions,  and  consist 
of  numerous  species.  At  least  ten  of  these  are 
A’aluable  rubber-yielding  plants.  Two  species, 
L.  Jiorida  and  Z.  Jetersiana,  are  found  on 
both  the  East  and  West  Coasts,  and  probably 
extend  across  the  great  equatorial  forest  region. 
The  rubber  plants  of  the  East  and  West  Coasts 
may  be  arranged  as  follow’s  : — 

West  Coast — L.  Jiorida,  L.  Jeter siana,  L. 
owariensis,  L.  senegalensis,  and  L.tomentosa . 

East  Coast — Z.  Jiorida,  Z.  Jelersiatia,  Z. 
Kirkii,  and  Z.  madagascariettsis. 

A classification  according  to  the  size  of  the 
flowers  and  leaves  w’ould  be  as  folloAvs  : — 

1.  Species  with  large  flowers. — L.  Jiorida, 
Z.  madagascariensis,  and  L.  Jetersiana. 

2.  Species  with  small  flow’ers  and  large 
leaves. — Z.  senegalensis,  Z.  owariensis,  and 
Z.  tomentosa. 

3.  Species  with  small  flowers  and  small 
leaves. — L.  Kii'kii. 

West  Coast  Rubber  Plants. 

I.  Landoljhia  Jiorida,  Benth. — This  Avas 
long  known  as  a handsome  flowering  plant 
before  its  commercial  value  was  knoAA’n.  It 
Avas  first  described  as  Vahea  coniorensis  by 
Bojer  in  1836,  from  the  Comoro  Islands  to  the 
north-west  of  Madagascar.  It  was  afterAvards 
found  on  the  Niger  by  Captain  Trotter,  in 
1848,  and  then  by  Madame  Tinne  in  the 
Soudan,  in  1867.  Since  then  it  has  been  found 
in  many  places  on  both  the  East  and  West 
Coasts,  from  Senegambia  to  Benguela  on  the 
Avest  coast,  and  from  Uganda  to  Mozambique 
on  the  east,  occurring  in  forests  near  the  coasts 
as  Avell  as  in  the  interior,  but  varj}ring  slightly 


in  the  hairiness  of  the  floAver  panicles  in  each 
locality.  Living  specimens  Avere  received  at 
KeAv  in  1878,  from  Sir  John  Kirk.  These,  after 
climbing  to  the  roof  of  the  Palm-house,  floAvered 
in  1887,  “ po'^’^^^ully  scenting  the  air  Avith  their 
delicious  fragrance.”  A coloured  plate  Avas 
given  in  the  “ Botanical  Magazine,”  t.  6963, 
Avith  a description  by  Sir  Joseph  Hooker.  The 
latter  states : — 

“The  first  notice  of  the  Landofphia  yielding  India- 
rubber  that  I haA’e  found  is  by  Col.  (noAv  Sir)  J.  A. 
Grant,  in  the  appendix  to  Speke's  Journal  (p.  639), 
repeated  in  an  elaborate  account  of  his  collections 
published  in  the  Linnean  Society’s  Transactions 
(xxix.  107).  In  this  he  says  of  Landolpliia  Jiorida, 
‘ A AA’Oody  climber,  named  IM’hoonga  (Kis),  found  at 
jSfadi,  Derembe,  in  a shady  spot  by  a rocky  burn. 
Its  trunk  travelled  like  a boa  constrictor  along  the 
ground  till  it  found  a tree  to  climb  up,  and  Avas 
tAA’entv-five  inches  in  circumference  ; ascending  to  the 
topmost  branches,  it  threw  doAvn  pendants  of  foliage 
and  clusters  of  lily-Avhite,  scented  fioAAers.  The  milk 
if  rubbed  upon  the  skin  adheres  like  bird  lime  and 
can  scarcely  be  nibbed  oil’  ....  The  Wahiao 
people  make  playing-balls  from  the  juice,  and  consider 
its  rubber  to  be  the  most  adhesive  knoAvn.’  ” 


Fig.  13. — Mbungu  Rubber  {Landolpliia  Jiorida) 
OF  East  and  West  Africa. 

Portion  of  shoot,  showing  tendrils  and  IcaA’Cs.  Also  a panicle 
of  the  sweet  jasmine-like  flowers. 

On  the  Niger,  according  to  Barter,  its  fruit, 
which  is  very  sour,  is  eaten  by  the  natiA’es 
under  the  name  of  Aboli. 
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The  form  in  which  the  rubber  comes  into 
commerce  is  somewhat  peculiar.  It  is  accounted 
for  by  the  method  of  collection  which  has  been 
described  as  follows;  “Every  part  exudes  a 
milky  juice  when  cut  or  wounded,  but  this 
will  not  run  into  a vessel  placed  to  catch  it,  as 
it  dries  so  quickly  as  to  form  a ridge  on  the 
wound,  which  stops  its  further  flow.  'J'he 
blacks  collect  it  by  making  long  cuts  in  the 
bark  with  a knife,  and  as  the  milky  juice 
gushes  out,  it  is  wiped  off  continually  with  the 
fingers  and  smeared  on  their  arms,  shoulders 
and  breast,  till  a thick  covering  is  formed. 
This  is  peeled  off  their  bodies  and  cut  into 
small  squares,  which  are  then  said  to  be 
boiled  in  water.” 

In  the  English  markets  it  appears  as  more 
or  less  agglutinated  masses  of  small  cubes,  of 
which  there  are  specimens  in  the  Kew'  Museum 
under  the  name  of  “thimble  rubber”  (Kew 
Report,  1880,  p.  39). 


Fig.  14. — White  Rubber  Vine  [Landolphia 
o'wariensis). 

[1.)  Flower.  (2.)  Section  of  ditto.  (3.)  Stigma.  (^.)  Fruit. 


2.  Z.  ozuariens/s. — This  has  a considerable 
latitudinal  range  on  the  West  Coast,  and  ex- 
tends from  Sierra  Leone  to  Angola.  It  is  the 
white  rubber  vine  of  the  English,  the  “ Ninge  ” 
of  the  French  Congo,  and  “ N’dembo  ” of  the 
Gaboon.  Specimens  of  stems  from  this  species 


in  the  Kew  Museum  are  marked,  “yields  the 
best  Sierra  Leone  rubber ; incisions  are  made 
in  the  stem,  and  the  milk  is  coagulated  with 
lime  juice.”  A .sample  of  Congo  rubber  from 
this  plant  “ was  valued  in  London  in  1891  at 
IS.  lod.  to  2s.  per  pound.”  'J'here  is  also  a 
specimen  of  rubber  from  Z.  oucarieiisis  from 
Accra  (Gold  Coa.st),  contributed  by  Mr.  R. 
Murray  Kums(;y,  R.X.,  in  1882. 

'I  bis  species  was  collected  on  the  Niger  by 
Barter,  and  near  the  mouth  of  the  Congo  by 
R.  C.  Phillips,  who  states  that  it  bears  the 
native  name  of  “ Mvoochi.”  A form  not  speci- 
fically distinguishable  was  found  by  Schwein- 
furth  in  North  Central  Africa.  He  remarks 
(“  Heart  of  Africa,”  i.,  192)  that  “ it  is  well 
known  in  the  Guinea  trade  for  its  production 
of  caoutchouc.”  From  the  fruit  “ the  sourness 
of  which  exceeds  that  of  the  citron,”  the 
natives  of  Djurland  manufacture  “ a beverage 
refreshing  as  lemonade”  (Kew  Report,  1880, 
P-  38). 

3.  Z.  Alaiinii.  — This  is  a very  distinct 
species  collected  by  Gustav  Mann  at  Corisco 
bay  (Lat.  i N.),  and  at  present  known  only 
from  one  other  locality,  viz.,  Barombi  station 
in  the  Cameroons.  Mann  describes  it  as  a 
climber  20  feet  high,  and  yielding  caoutchouc. 
Specimens  of  the  large  globular  fruits  are  in 
the  Kew  Museum. 

4.  Z.  A^^ersiana.— This  is  the  “ Tonda  ” 
or  “ Etonda  ” of  the  Gaboon,  and  is  found  also 
on  the  Congo.  It  is  a wirle-climbing  plant, 
with  the  young  branches  covered  with  a rusty 
dowm  and  white  tubular  flowers.  The  globular- 
rusty  fruit  has  an  acid  edible  pulp.  The  rubber 
is  prepared  in  a different  way  from  that  yielded 
by  any  other  species.  The  milk  is  gathered 
in  a fluid  state  and  coagulated  by  heat.  The 
product  is  generally  regarded  as  not  so  good 
as  that  of  Z.  owa7‘te?is/s. 

5.  Z.  senega/efisis.  Radik. — This  is  be- 
lieved to  be  the  “ Tol  ” or  “ Tohl  ” of 
Senegambia,  the  “ Taul  ” of  the  English  at 
the  Gambia,  and  possibly  that  which  is  known 
to  the  Bambaras  under  the  name  of  “ Goe  ” 
on  the  Lare.  According  to  Baucher  this  is  the 
Landolphia  which  furnishes  the  greater  part 
of  the  caoutchouc  of  the  Cazamance  river  dis- 
trict (Senegambia),  and  of  the  Rio  Nunez  of 
Sierra  Leone,  and  perhaps  of  the  Gaboon.  It 
is  to  be  noticed,  however,  that  Z.  Hcudelofii 
is  mentioned  by  de  Wevre  as  being  found  also 
in  the  same  localities,  and  under  almost 
identical  native  names. 

Having  briefly  described  the  principal  species 
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of  Landol;phia  known  to  yield  rubber  on  the 
West  Coast,  it  may  be  interesting  to  furnish 
similar  particulars  of  other  india-rubber  plants 
found  in  this  part  of  Africa. 

6.  Ficus  Vogelii. — During  the  years  1888-90 
the  subject  of  obtaining  commercial  rubber 
from  the  ‘‘Abba”  trees  of  West  Africa  was 
very  enterprisingly  taken  up  by  Sir  Alfred 
Moloney,  then  Governor  of  Lagos.  The 
difficulty  at  first  experienced  was  the  large  j 
percentage  of  resin  in  the  milk.  In  experiments  j 


not  suitable  to  be  used  alone  in  any  form  and 
troublesome  to  work  in  the  mixing  machines, 
the  present  samples  were  free  from  these 
objections.  In  fact  ‘ Abba  ’ rubber  as  pre- 
pared by  Mr.  Higginson  was  capable  of  being 
used  alone  for  many  purposes.”  Nothing 
further  appears  to  have  been  done  to  utilise  the 
rubber  of  this  tree.  As  it  is  found  distributed 
over  extensive  areas  in  West  Africa,  grows  to 
a large  size,  and  is  readily  propagated  by 
cuttings,  it  is  possible,  when  other  sources 


Fig.  15.— Kickxia  africana. 

Tree  yielding  “ Lagos  silk  rubber.”  (i.)  Flowering  branch  (two-thirds  natural  size).  (2.)  Bud.  (3.)  Segment  of  calyx, 
with  glands  at  the  base.  (4.)  Corolla,  cut  open  with  style,  and  stigma  removed.  (5.)  Anther,  front  view.  (6.)  Pistil 
with  disk  {d).  {7.)  A pair  of  follicles  (fruit) — two-thirds  natural  size.  (8.)  Seed.  (9.)  Transverse  section  of  seed 

[t.  testa,  a.  albumen,  c.  cavity).  Nos.  2 to  6,  and  8 and  9,  all  enlarged. — [From  the  Kew  BuUetin.'\ 


carried  on  in  1890  by  Mr.  W.  Higginson  it 
was  found  possible  to  prepare  rubber  in  large 
quantities  at  a cost  of  less  than  is.  per  lb.  A 
report  on  samples  forwarded  to  this  country 
was  as  follows  : — “ The  rubber  was  free  from 
impurities,  and  had  not  suffered  any  deteriora- 
tion in  transit,  two  points  of  considerable 
importance  in  regard  to  African  rubbers  as 
usually  received  in  this  country.  In  the  next 
place,  while  former  samples  were  reported  as 


are  becoming  exhausted,  that  this  plant  will 
repay  regular  cultivation. 

Lagos  Silk  Rubber. 

7.  Kickxia  africana. — A new  rubber- 

yielding  plant  suddenly  came  into  notice  in 
the  colony  of  Lagos  in  1894.  This  proved  to 
be  a handsome  tree,  locally  known  as  Ire, 
Ireh,  or  Ereh.  It  belongs  to  the  same  natural 
order  as  the  Landolphias.  The  particulars 
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respecting-  it  were  g-raclually  accumulated  at  | 
Kew  until  at  last  it  was  determined  to  be 
Kickxia  africatia,  Benth,  a tree  widely  dis- 
tributed in  West  Africa  from  Sierra  Leone  to 
the  delta  of  the  Niger,  the  island  of  Fernando 
Po,  and  the  Gaboon. 

The  previous  information  was  very  scanty. 

It  is  believed  that  rubber  was  first  obtained 
from  it  on  the  Gold  Coast  in  188,5. 
seeds  of  it  were  introduced  to  Europe  as  a 
substitute  for  Strophanthus  seed,  and  stated 
to  be  worth  72s.  per  pound.  They  were  called 
“India-rubber”  seeds,  but  nothing  further 
could  be  obtained  respecting  them.  The 
following  e.xtracts  are  taken  from  the  Kcw 
Bulleti?!,  1890  (pp.  242-247)  : — • 

“In  September,  1894,  Kew  received  from  Captain 
Denton,  C.M.G.,  two  pieces  of  the  trunk  of  the  Lagos 
rubber-tree,  each  about  10  inches  to  a foot  in  diameter, 
scored  with  the  marks  of  the  rubber  gatherers.  They 
were  sent  as  the  ‘ female  ’ rubber-tree,  a name  we  i 
learn  that  is  locally  applied  to  the  Kickxia  africana,  \ 
Benth.  It  is  thus  distinguished  from  Holarrhena  ,j 
africana,  quite  a different  plant,  which  is  fancifully  j 
called  the  ‘ male  ’ rubber-tree.  The  latter  is  also  an  | 
Apocynaceous  plant,  but  not  known  to  yield  any  j 
rubber.” 

“ In  tapping  the  trees  the  bark  is  first  cut  in  a 
vertical  direction  from  the  bottom  to  the  top.  This 
single  line  is  about  ^ to  f of  an  inch  broad,  and  deep 
enough  to  reach  the  inner  bark.  This  forms  the 
main  groove,  on  each  side  of  this  two  series  of  oblique 
grooves  about  two  feet  apart  are  cut,  each  running 
into  the  main  groove.  The  side  grooves  are  made, 
beginning  at  the  top,  and  gradually  reaching  the  base 
of  the  tree.  All  the  milk  exuding  from  the  lateral 
grooves  will  find  its  way  into  the  main  groove  and  so 
ultimately  reach  the  bottom,  where  a vessel  is  placed 
to  receive  it.  When  sufficient  milk  has  accumulated 
it  is  then  collected  and  made  into  rubber. 

“The  methods  adopted  for  coagulating  the  milk 
are  then  described.  These  are  at  present  of  two 
kinds,  viz.  : ‘ the  cold  process  ’ and  ‘ the  heat  process.’ 
The  cold  process  is  chiefly  practised  by  the  Fanti 
men  introduced  from  the  Gold  Coast.  A cavity  is 
excavated  in  the  trunk  of  a fallen  tree  so  as  to  form  a 
cistern  of  the  capacity  necessary  for  holding  the  milk 
collected  duiing  several  days.  Into  this  the  rubber 
gatherers  pour  the  milk,  after  straining  it,  from 
day  to  day  until  it  is  quite  full.  It  is  then  covered 
with  palm  leaves  and  left  for  12  to  14  days  and  some- 
times much  longer,  depending  on  the  season,  until 
most  of  the  watery  portions  have  either  evaporated  or 
sunk  into  the  wood.  After  being  kneaded  and 
pressed  together  the  rubber  thus  obtained  has  a dark 
brownish  colour,  with  the  inner  portions  of  a slightly 
lighter  colour.  Such  rubber  is  known  locally  as 
‘ silk  rubber.’  The  local  price  is  from  lod.  to  is.  2d.  per 
pound.  The  heat  process  is  the  one  generally  adopted 


by  the  natives  of  Lagos.  This  is  much  simpler  in 
working,  as  it  disposes  of  all  the  milk  collected  at  the 
close  of  each  day.  After  being  strained  the  milk  is 
j)laced  in  a vessel  and  boiled.  'The  rubber  Ijegins  to 
coagulate  almost  directly  the  heat  is  applied,  and 
after  the  b(filing  is  cner  is  removed  in  a somewhat 
sticky  condition,  owing  to  being  Ininit,  and  of  a 
blackish  colour.  'I'he  local  price  of  tin’s  rubber  is 
from  qd.  to  is.  per  ])ound.  It  is  pointed  out  that  the 
heat  process,  though  simjjler,  imjjairs  the  fpiality  of 
the  rublrer  and  is  calculated  to  injure  the  industry. 
It  is  probable  that  if  the  heat  process  were  somewhat 
modified  the  results  would  not  be  so  injurious.  An 
exjieriment  was  tried  at  the  Botanic  .Station  to 
coagulate  the  milk  by  heat,  but  m>t  ajrplied  directly 
to  it.  The  result  was  much  more  satisfactor)-.  The 
rubber  came  off  a milky-white  colour,  and  after  being 
pressed  it  was  clean  and  firm  without  being  sticky. 

“ The  history  of  this  new  rubber  industry  in  Lagos 
is  full  of  interest,  and  illustrates  the  wonderfully  rich 
resources  of  the  vast  forests  of  West  Africa.  It 
shows  also  very  clearly  how  largely  these  resources 
can  be  developed  by  judicious  and  intelligent  action 
on  the  part  of  the  Government. 

“ Should  the  new  rubber  Kickxia  continue  of 
commercial  value,  there  is  no  doubt  that  it  will 
eventually  be  possible  to  establish  regular  plantations, 
and  thus  make  the  industry  a jrermanent  one.  It  has 
always  been  seen  that  owing  to  the  climbing  habit  of 
the  species  of  the  Landolphia,  which  have  hitherto 
yielded  African  rubber,  it  was  not  practicable  to 
cultivate  them  in  regular  plantations  as  they  required 
the  support  of  other  jdants,  and  when  once  tapped 
many  years  would  have  to  elapse  before  they  would  be 
fit  to  yield  another  crop.  With  the  Kickxia  these 
practical  difficulties  disappear.” 

According-  to  M.  Chalot  Kickxia  africatia 
has  been  found  lately  in  Gaboon.  Specimens 
have  been  measured  i metre  in  circumference 
and  12  to  15  metres  high.  Each  tree  is 
estimated  to  yield  annually,  without  any  injury, 
at  least  iT  lbs.  of  rubber. 

New  Root  RunitER. 

8.  Cai'podinus  lanceolatus. — From  this  and 
allied  species  is  obtained  the  new  African 
root-rubber.  In  the  Report  of  the  ITS.  Consul 
at  St.  Paul  de  Loanda  in  1891,  mention  is 
made  of  a new  source  of  rubber  discovered  in 
1888  in  the  district  of  Bihee.  It  was  believed 
to  be  yielded  by  a “ tuber,”  but  at  that  time 
its  botanical  name  and  the  method  of  extracting 
the  rubber  were  unknown.  It  was  stated 
“ that  a good  c]uality  of  rubber  was  produced, 
and  that  the  plant  must  be  found  in  immense 
quantities,  as  it  was  to  the  discovery  of  it  that 
Benguela  owed  the  enormous  increase  in  its 
exports  as  compared  with  previous  years.” 
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Nothing  further  was  heard  of  this  new 
rubber  plant  until  last  year,  when  through  the 
investigations  of  Professor  Laurent  of  the 
Agricultural  Institute  at  Gembloux,  Belgium, 
who  spent  some  time  in  Congo  territory,  were 
obtained  not  only  specimens  of  the  plant  and 
the  rubber,  but  very  interesting  particulars 
respecting  its  habit  and  distribution.  These 
were  published  with  a woodcut  in  the  Berlin 
“ Tropenpflanzer  ” (1897,  pp.  133-138). 

There  are  two  plants  concerned,  Carpodinus 
lanceolatus  and  Clitandra  henriquesiana, 
both  belonging,  like  the  Landolphias,  to  the 
natural  order  Apocynaceae.  The  interesting 
point  is  that  these  are  neither  trees  nor  shrubby 
climbers  as  other  rubber-yielding  plants  in 
tropical  Africa.  They  are  described  as  low 
plants  with  slender,  semi-herbaceous  stems 
one  to  two  feet  high,  and  white  aromatic 
flowers.  They  are  found  in  great  abundance 
on  the  sandy  expanses  in  the  Kwango  district 
south  of  Stanley  Pool,  and  from  this  region 
alone  it  is  said  that  500  tons  of  rubber  are 
produced  yearly.  Possibly,  also,  a part  of  the 
rubber  from  the  Cabinda  district  is  derived 
from  the  same  plant.  The  Carpodinus  is 
known  as  ‘"Otarampa,”  the  Clitandra  as 
“ Bihungi.”  They  are  very  abundant  in  the 
open  grassy  country  of  the  Congo  State  and 
extend  to  Portuguese  South-west  Africa  as  far 
as  lat.  16°  S.  They  are  also  found  inland  in 
Ambuella  and  in  the  highlands  of  Benguela 
and  Mossamedes.  They  therefore  possess 
an  extensive  distribution  in  tropical  Africa, 
and  may  be  found  still  further  to  the  eastward. 

Although  the  stems  contain  rubber  the  larger 
share  is  at  present  obtained  from  the  creeping 
underground  stems  (rhizomes).  These  are 
about  an  inch  in  diameter  and  the  natives 
extract  the  rubber  by  rasping  them  in  water 
and  then  boiling.  In  this  way  a large  quantity 
of  vegetable  debris  is  taken  up  with  the 
rubber  and  the  quality  is  thereby  impaired. 
The  last  price  quoted  was  2s.  6d.  per  pound. 

The  discovery  of  these  remarkable  rubber 
plants  shows  how  far  we  still  are  from  knowing 
the  full  extent  of  the  sources  whence  this 
valuable  product  may  be  obtained.  It  is 
possible  that  these  new  plants  may  be  available 
for  cultivation,  and  give  returns  earlier  than 
other  rubber  plants.  They  could  evidently  be 
easily  propagated  by  means  of  pieces  of  the 
rhizomes,  and  although  it  would  be  necessary 
to  destroy  many  of  the  plants  to  obtain  the 
rubber,  there  is  a probability  that  numerous 
pieces  of  the  rhizomes  could  be  left  in  the  ground 
to  carry  on  the  cultivation  to  another  year. 


There  are  probably  several  other  plants  that 
yield  rubber  in  West  Africa.  The  “ Kpokpoka” 
tree  of  Sierra  Leone,  TaberncBmontana  crassa 
with  large  double  fruits  as  large  as  a child’s 
head,  is  supposed  to  yield  some  of  the  rubber 
exported  from  Sierra  Leone  and  the  Gold 
Coast ; but  nothing  authentic  is  known  of  it. 
The  plant  is,  however,  grown  experimentally 


Fig.  16.— Plants  yielding  the  new  root-rubber 
OF  the  Congo  and  Loanda. 


A.  Carpodinus  lanceolatus,  one-tenth  natural  size,  showing 
underground  stem  or  rhizome  from  which  rubber  is  obtained. 

B.  Upper  part  of  shoot  of  the  same  species,  one-sixth 
natural  size.  C.  Single  flower  cut  open  on  one  side,  three- 
quarters  natural  size.  D and  E.  Clitandra  henriquesiana , 

one-tenth  natural  size. — [From  der  TropenpJlanzer.'\ 

both  at  the  Botanic  Gardens  in  Ceylon  and 
Trinidad.  Another  species  of  TaberncB- 
montana is  the  “ Pao  Cadeira  ’ ’ of  Sao  Thome ; 
from  this  rubber  is  extracted  according  to 
Ficalho.  According  to  Dr.  Warburg,  in  the 
northern  part  of  the  Cameroons  the  milky  juice 
of  an  undetermined  tree  yields  the  rubber 
obtained  from  that  region. 

Soudan. 

The  French  in  the  Soudan  are  developing 
the  rubber  industry  of  that  region.  It  has 
lately  been  notified  that  rubber  would  be 
received  in  payment  of  taxes.  It  is  collected 
at  Kayes,  the  capital,  and  then  sold  by  auction. 
The  value  exported  in  1896  was 

Gambia. 

The  exports  of  rubber  from  the  Gambia 
began  in  1882  when  they  were  of  the  value  of 
In  1884  they  had  risen  to  a value  of 


Au^if  12,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


779 


^'23,142.  Since  that  time  they  have  greatly 
fluctuated,  but  the  tendency  has  been  to 
diminish  owing  to  the  reckless  destruction  of 
the  vines. 

Sierra  Leone. 

According  to  a recent  report  of  the  Governor, 
there  are  large  tracts  of  forest  land  with  rubber 
trees  {Landollhia  and  Kickxia)  existing  in 
the  colony.  The  most  valuable  plant  is  Lan- 
doiphia  ozvariensis,  known  as  “ Lilibue.”  The 
next  is  L.  Jiorida,  known  as  “ Nofe,”  which 
yields  a dark  rubber  prepared  with  lime-juice. 
Kickxia,  known  as  “ Kewatia,”  is  estimated 
in  one  district  alone  to  be  distributed  over  an 
area  of  600  square  miles. 

Gold  Coast. 

Rubber  has  been  exported  from  this  colony 
since  1878.  Experienced  rubber  collectors 
were  introduced  from  Sierra  Leone  just  as 
recently  similar  men  were  introduced  from  the 
Gold  Coast  to  Lagos.  The  value  of  the  rubber 
industry  at  the  Gold  Coast  during  the  years 
1894-96,  inclusive,  was  as  follows  : — 


Year. 

Quantity. 

Value. 

1894 

lbs. 

3,027,527 

232,550 

1895 

4,022,385 

322,070 

1896 

3,735,439 

313,817 

It  is  generally  recognised  that  the  develop- 
ment of  this  important  industry  is  almost 
entirely  due  to  the  initiation  of  Sir  Alfred 
Moloney. 

Lagos. 

The  rubber  industry  at  Lagos  as  already 
shown  was  started  as  lately  as  1894.  At  the 
close  of  the  year  1895  it  had  attained  a value 
of  ^269,893.  This  represented  an  export  of 
2,263  tons.  Latterly  the  exports  have  greatly 
fallen  off  (about  one-third),  owing  to  the  exces- 
sive bleeding  of  the  trees. 

Niger  Protectorate. 
d'he  exports  of  rubber  have  only  lately 
assumed  importance.  The  following  returns 
have  been  published 


Year. 

Quantity. 

Value. 

lbs. 

c 

1892-93  .... 

332,433 

17,010 

1893-94 

540,772 

27,782 

1894-95 

.... 

13,282 

1895-9^  .... 

308,309 

11,787 

Congo  State. 

India-rubber  plants  are  found  in  all  parts  of 
the  Congo  State.  More  than  one-half  the 
external  trade  is  in  rubber,  d'he  development 
of  the  exports  in  recent  years  (largely  due  to 
the  discovery  of  the  root-rubber)  may  be  illu- 
strated by  the  following  'fable  : — 


Year. 

1 Quantity. 

Value. 

lbs. 

c 

1887 

66,248 

4,67 1 

1891 

180,072 

i3.i>^9 

1892 

1,014,720 

73,964 

1897 1 

1 

4,480,000 

1 14,000 

I.OANDA. 

The  Portuguese  possessions  in  South-west 
Africa  have  long  been  regarded  as  yielding 
a large  share  of  African  rubber.  it  is  chiefly 
shipped  to  Lisbon.  Mr.  Consul  Pickersgill,  in 
1896,  stated  “ rubber  is  now  brought  a long 
distance  from  the  interior,  and  Benguela  has  the 
largest  movement  in  this  trade.”  The  quality 
is  good  but  very  dirty  and  full  of  bark.  It  is 
known  in  European  markets  as  Loanda 
“ niggers,”  first  and  second  quality.  Some  of 
the  more  enterprising  planters  are  turning  their 
attention  to  the  cultivation  of  the  rubber  plant, 
but  up  to  the  present  no  results  have  been  given. 
The  total  exports  from  Loanda,  and  Novo 
Redondo,  Ambriz,  Benguela,  and  Mossamedes 
during  the  two  years  1894  and  1896  were  4,296 
tons,  of  the  value  of  ;^659,532. 

East  Coast  Rubber  Plants. 

On  the  mainland  of  the  East  Coast  it  would 
appear  that  rubber  is  yielded  almost  exclusively 
by  climbing  species  of  Landolphia.  Appa- 
rently there  are  no  trees  similar  to  Kickxia, 
Ficus,  and  TaberncBmontana  existing,  or  at 
least  utilised,  there  for  rubber  production. 

I.  L.  Kh'kii. — This  Landolphia  is  charac- 
terised by  having  both  small  flowers  and  small 
leaves.  The  fruit  is  round,  smooth,  and  pear- 
shaped.  It  is  named  after  Sir  John  Kirk,  who, 
during  his  long  service  as  Consul-General  at 
Zanzibar,  practically  created  the  rubber  trade 
on  the  East  Coast  of  Africa,  'fhe  following 
interesting  particulars  respecting  this  species 
are  taken  from  the  ” Kew  Report,”  1880,  pp. 
39»  40- 

Dr.  Kirk  describes  it  as  “the  narrow-leaf 
Landolphia,  which  yields  the  best  rubber  of 
the  Zanzibar  coast.”  He  adds,  “ as  far  as  I 
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could  discover,  this  is  the  only  species  con- 
sidered to  be  of  value  by  the  people  of  the  Dar 
es  Salaam  district  ....  It  undoubtedly  yields 
by  far  the  greatest  quantity,  and  also  the  best. 
Again,  when  we  consider  the  wide  region  over 
which  this  plant  grows,  its  abundance  in  many 
places,  and  the  facility  with  which  so 
indestructible  a substance  can  be  collected, 
I think  in  time  this  will  become  one  of  the 
regular  exports  of  East  Africa.”  The  extract 
from  a further  letter  of  Dr.  Kirk’s,  given  in  the 
Kew  Report  for  1877,  p.  32,  as  well  as  later 
statistics  quoted  below,  will  show  how  rapidly 
Dr.  Kirk’s  expectations  have  been  realised. 
In  a report  made  to  the  Foreign  Office  in  1880, 
Mr.  F.  Holmwood,  the  Vice-Consul  at  Zanzi- 
bar, gives  the  following  account  of  an  improved 
mode  of  collecting  India-rubber  from  mtiri 
(apparently  another  mode  of  spelling  matere, 
L.  Kirkii')  : — 

“The  process  consisted  in  cutting  clean  slices  of 
bark  from  the  trunk  and  branches,  from  3 to  10  inches 
in  length  and  from  ^ to  | inch  in  breadth.  The 
cuttings  were  made  sometimes  from  one  side  only, 
but  generally  they  were  scored  all  over  the  tree — 
about  half  of  its  trunk  being  removed.  The  method 
of  making  the  balls  of  rubber,  which  average  two 
inches  in  diameter,  is  as  follows  : — A quantity  of  milk 
is  dabbed  upon  the  forearm,  and  being  peeled  off 
forms  a nucleus.  This  is  applied  to  one  after  the 
other  of  the  fresh  cuts,  and  being  turned  with  a 
rotary  motion  the  exuding  milk  is  wound  off  like  silk 
from  a cocoon.  The  affinity  of  this  liquid  for  the 
coagulated  rubber  is  so  great  that  not  only  is  every 
particle  cleanly  removed  from  the  cuttings,  but  also  a 
large  quantity  of  semi-coagulated  milk  is  drawn  from 
beneath  the  uncut  bark,  and  during  the  process  a 
break  in  the  thread  rarely  occurs. 

“By  working  hard  one  person  can  collect  5 lbs.  of 
rubber  per  diem,  though  an  average  is  only  half  that 
amount.  I was  assured,  however,  that  in  the  interior, 
where  the  trees  run  large,  it  is  no  uncommon  thing  for 
one  man  to  collect  7 lbs.  or  even  9 lbs.  in  a day.  . . . 
The  regular  season  for  the  collection  of  the  India- 
rubber  lasts  from  about  the  middle  of  May  till  the 
first  week  in  December.  This  has  little  connection, 
however,  with  the  state  of  the  tree,  but  is  owing  to  the 
natives  being  generally  engaged  during,  and  for  some 
time  after,  the  rainy  season  in  cultivating  their  lands.” 

Later  he  reports 

“ In  the  district  of  Mungao  and  Kilwa  alone  india- 
rubber  has  created  a new  trade,  which  finds  profitable 
employment  for  all  those  classes  whose  means  of  sub- 
sistence came  to  an  end  with  the  suppression  of  illegal 
slave  trade.  The  total  export  from  these  places  now 
{1880)  exceeds  1,000  tons  annually.  Since  last  season 
the  price  has  risen  from  ;^I40  to  £2^0  per  ton,  and 
there  seems  no  reason  to  suppose  that  it  will  ever  again 
fall  to  the  former  figure.” 


2.  Z.  Jlorida. — This  species  has  already 
been  described  under  the  rubber  plants  of  the 
West  Coast.  It  appears  to  be  equally  well 
known  on  the  East  Coast,  and  extends  into 
Central  Africa,  where  as  in  Nyasaland  it  yields 
good  rubber.  Very  valuable  information  was 
contributed  to  Kew,  respecting  this  plant,  by 
Sir  John  Kirk  and  others.  There  appears  to 
have  been  no  doubt  as  to  the  value  of  the 
rubber  in  the  minds  of  those  acquainted  with 
it  in  this  part  of  Africa.  On  the  other  hand, 
de  Wevre  quotes  numerous  authorities,  show- 
ing that  the  rubber  in  some  districts,  at  least, 
is  “hard,  brittle,  and  resinous,  and  absolutely 
useless  for  commercial  purposes  ; ” if  used  at 
all,  it  is  used  only  for  purposes  of  adulteration. 

The  following  information  is  taken  from  the 
“Kew  Report,”  1880,  p.  41: — In  1879, 

Kirk  made  to  the  Foreign  Office  “ a report 
on  the  india-rubber  plants  of  the  coast  near 
Dar  es  Salaam.”  He  stated  : — 

“ It  has  been  known  for  many  years  that  the 
jungles  on  the  mainland  contained  almost  everywhere 
an  abundance  of  rubber-producing  lianas,  and  on  my 
first  anival  in  Zanzibar  an  attempt  was  made,  at  my 
representation,  to  induce  the  people  of  Dar-Salam  to 
collect  it ; at  that  time,  however,  eveiyone  was 
engaged  in  the  slave  trade,  and  the  experiment  in 
consequence  failed.  Within  the  last  few  years,  india- 
rubber  has,  however,  become  one  of  the  chief  exports 
we  possess.” 

Further  information  is  given  by  Mr.  Vice- 
Consul  Holmwood 

“The  ‘mbungu’  is  abundant  on  the  Portuguese 
coast  between  Cape  Delgado  and  Ibo,  even  close  to 
the  sea.  The  rubber  does  not  coagulate  quickly,  and 
the  Makuas  who  were  collecting  it  used  sand  to  assist 
this  proceess,  and  not,  I think,  originally  for  the 
purpose  of  adulteration.  Here  a few  balls  of  this 
rubber  come  down  in  every  parcel,  and  are  accepted 
and  weighed  with  the  bulk,  but  the  merchants  inform 
me  they  would  only  buy  ‘ mbungu  ’ rubber  at  a 

reduction  of  25  per  cent,  in  price The  fruit 

has  a very  pleasant  flavour,  and  an  agreeable  acid 
taste.” 

3.  Z.  j^etersiana. — This,  as  the  last,  is 
found  on  the  East  as  well  as  on  the  West 
Coast.  The  early  account  of  its  discovery  and 
of  its  utilisation  as  a rubber  plant  in  East 
Africa,  was  given  in  the  “ Kew  Report,”  1880, 
pp.  42-43  •— 

“In  1879  Dr.  Kirk  reported  to  the  Foreign 
Office  that  it  appears,  from  the  further  observa- 
tions of  Lieutenant  O’Neill,  that  there  exists  a 
third  variety  of  rubber,  the  produce  of  a distinct 
plant,  in  all  probability  a new  species  of  the  ' 
genus  Landolphia,  which  grows  near  Tanga, 


Angus/  12,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


781 


on  the  coast  of  the  mainland  opposite  Pemba. 
The  mode  of  preparation  of  this  india-rubber 
differs  essentially  from  either  of  the  other  two 
kinds,  the  juice  being-  here  gathered  in  a fluid 
, state  by  tapping-,  and  coagulated  by  heat,  or 
^ in  some  other  way  similar  to  that  used  in 
' Madagascar  or  the  Brazils.  The  product  is 
' said,  however,  to  be  of  an  inferior  quality.  . . . 

I The  native  name  given  to  the  plant  is  Mtolia 
or  which  I have  often  heard  applied 

to  the  edible  fruit  of  a plant  at  Mombasa 
known  to  contain  rubber  but  in  small  amount.” 

I 4.  A fourth  species  of  Landoiphia  found  in 
■'  East  Africa  is  Z.  Watsoni.  This  is  evidently 
closely  allied,  if  not  identical,  with  some  forms 
of  Z.  Kirk  a. 

The  Portuguese  possessions  in  East  Africa 
have  been  most  productive  sources  of  india- 
rubber,  generally  of  excellent  quality.  Mr. 
Consul  O’Neil,  in  1885,  thus  described  the  in- 
dustry in  the  district  of  Quilimane  : — • 

“ Rubber  is  obtained  mostly  from  the  lower  dis- 
tricts nearer  the  sea.  There  are  two  qualities,  differ- 
ing in  the  method  of  preparation.  The  better  is  that 
drawn  from  cuts  made  in  the  stems  of  vines  and  made 
into  balls  without  further  preparation.  The  inferior 
quality  is  got  by  boiling  the  rubber-bearing  stems  and 
roots.  It  is  white,  contains  much  moisture,  and 
commands  a lower  price  than  the  other.  The  supply 
of  rubber  continues  to  be  maintained  but  cannot  be 
expected  to  last  very  long,  as  in  some  districts  the 
vines  have  all  been  destroyed  by  the  reckless  way  of 
gathering  employed  by  the  natives.  It  has  more 
than  once  been  proposed  to  try  systematic  planting 
I of  rubber  trees,  but  nothing  has  yet  been  done.  There 
is  no  doubt  that  the  supply  could  be  increased,  as 
well  as  made  more  certain,  were  cultivation  gone  into 
systematically,  and  the  gathering  of  the  rubber  not 
left  to  the  mercy  of  the  natives.  The  total  export  in 
1885  was  valued  at  ^^^1,450;  in  1884  it  was  ;^2,8oo.” 

Further  south,  at  Beira,  Mr.  Consul  Ross  in 
1893  furnished  the  following  information  : — ■ 

“During  1893,  24  tons  of  india-rubber  were 
exported,  chiefly  by  way  of  experiment,  but  the  prices 
paid  on  the  coast,  and  the  expenses  connected  with 
such  a trade  left  no  margin  for  profit,  and  this  business 
is  in  consequence  being  neglected.  The  india-rubber 
is  of  good  quality,  but  its  value  is  much  diminished 
by  the  custom  the  natives  have  when  gathering  it  of 
winding  the  rubber  round  sticks,  pieces  of  cloth,  or 
other  substances.  It  is  brought  for  sale  in  fingers, 
each  of  which  has  to  be  cut  open,  and  the  core  re- 
moved before  export.  This,  done  by  hand,  is  a very 
slow  and  somewhat  expensive  process.  If  a machine 
knife  of  some  kind  could  be  introduced  to  do  this 
work  rapidly  and  inexpensively  the  trade  in  india- 
rubber  might  be  made  to  pay  well.  Rubber-producing 
vines  grow  most  luxuriantly  everywhere,  even  in  the 
town  itself.  No  attempt  has  been  made  to  introduce 


other  rubber-bearing  plants,  or  to  encourage  or 
organise  the  trade  in  any  way.” 

The  value  of  the  rubber  exported  in  1893  was 

;^.T7oo. 

Destruction  of  Rcurer  Pi.ants. 

d'he  rapid  destruction  of  the  rubber  vines  in 
East  Africa  has  long  been  deplored.  Mr. 
Vice-Consul  Holmwood,  in  1880,  .says  “ it  is 
admitted  that  while  three  years  ago  the  supply 
of  india-rubber  was  altogether  derived  from  the 
country  within  50  miles  of  the  coast,  the  great 
bulk  was  now  procured  from  Mahenge  and 
Ubena,  countries  distant  150  to  200  miles  from 
Kilwa,  the  supply  from  the  more  adjacent  dis- 
tricts having,  moreover,  greatly  fallen  off,  and 
in  some  instances  entirely  ceased.”  Mr. 
Sketchley  states,  “ the  natives  who  alone  are 
the  producers  have  to  penetrate  deeper  and 
deeper  into  the  forests  for  each  year’s  suppl}’.” 

Consul  O’Neil  remarks  : — 

“ It  is  curious  to  note  the  marvellously  rapid 
development  of  the  india-rubber  industry.  In  1873 
only  worth  of  india-rubber  pas.sed  through  the 

Custom-house  of  Mozambique  ; in  1876  it  reached 
the  value  of  ^^22,198  ; and  in  1879  it  exceedeil 
^^50,000.  It  would  seem  now  almost  to  have  reached 
its  climax,  while  the  piesent  rude  method  ol  collect- 
ing this  produce  prevails,  and  until  comnnmicatifms 
with  the  interior  are  properly  opened  up,  for  the 
careless  cutting  of  the  tree  by  the  untaught  hands 
of  the  natives  has  resulted  in  the  destruction  of 
enormous  tracts  of  india-rubber  forest  near  the  coast.” 

In  discussing  the  possibility  of  preserving 
the  rubber  vines  of  British  Central  Africa,  Mr. 
Alexander  Whyte  offered  the  following  sug- 
gestions : — 

“A  good  many  more  species  of  Landolphias  have 
been  described,  but  those  mentioned  are,  as  far  as  is 
yet  known,  the  best  rubber-yielding  sorts.  Being 
natives  of  the  country  it  will  be  at  once  seen  how  im- 
portant a part  they  are  likely  to  play  in  the  develop- 
ment of  the  natural  resources  of  Nyasaland.  There 
will  be  certain  drawbacks,  however,  to  their  being 
systematically  cultivated,  owing  to  the  fact  of  their 
being  creepers  and  requiring  support.  It  seems  to  me 
that  the  plan  most  likely  to  succeed  would  be  to  plant 
up  existing  forests  with  the  vines,  clearing  away  the 
useless  jungle  and  undergrowth.  The  plants,  too, 
now  existing,  should  be  carefully  conserved,  and  the 
natives  taught  the  best  method  of  bleeding  the  lianas 
without  at  the  same  time  permanently  injuring  them.” 

In  the  Province  of  Tanaland  the  Germans 
have  already  taken  official  action  to  prevent 
the  destruction  of  rubber  plants.  The  rubber- 
producing  tracts  have  been  divided  into  four 
areas,  two  of  which  are  closed  for  three  years 
at  a time  to  allow  the  vines  to  grow  up  again. 
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Madagascar  Rubber. 

Throughout  the  moist  forest  region  of 
Madagascar,  rubber-yielding  vines  are  known 
to  abound.  There  has,  as  yet,  been  no  pro- 
prietorship in  the  land,  and  the  rubber 
gatherers  have  been  free  to  wander  at  wdll  and 
destroy  the  plants.  The  principal  rubber 
plant  is  probably  Landol;phia  madagas- 
cariensis  (Vahea  gummifera),  known  locally 
as  “Voacanga”  or  “ Vahy,”  ;porte gomme 
of  the  French.  This  is  a climbing  plant  of 
considerable  size,  with  leathery  leaves  and 
rather  large  white  flowers.  The  fruit  is  pear- 
shaped,  about  4 inches  long,  filled  with  a 
granular  pulp  in  which  the  seeds  are  im- 
bedded. The  stem  yields  an  abundance  of 
milk,  from  wFich  excellent  rubber  is  prepared. 
Bojer  says  “ it  produces  a very  large  quantity 
of  the  best  kind  of  rubber,  quite  as  good  as 
Para  rubber.”  The  pink  rubber,  shipped 
from  Tamatave  in  round  balls,  is  regarded  as 
the  best  Madagascar  sort.  The  exports  in 
1885  were  of  the  value  of  ;^8,o6o.  According 
to  Coignet,  there  are  three  climbing  plants 
that  yield  rubber  in  the  north-east  of 
Madagascar,  as  well  as  a shrub  16  to  19  feet 
high.  Of  the  climbers,  one  (probably  the 
plant  above  described)  yields  the  best  rubber, 
but  the  natives  mix  the  milk  of  all  the  various 
plants  together.  The  milk  of  the  inferior  sorts 
is  coagulated  by  treatment  with  salt  water  or 
acid,  or  by  artificial  heat.  By  these  methods 
is  probably  produced  the  black  rubber,  shipped 
from  Majunga. 

During  recent  years  a considerable  rubber 
industry  has  arisen  in  the  southern  parts  of 
Madagascar.  This  was  due  to  the  discovery, 
about  1892,  of  a new  rubber  plant  widely  dis- 
tributed over  an  extensive  tract  of  country.  It 
was  described  as  an  almost  leafless  shrub,  with 
a large  bulbous-  root,  growing  only  in  dry,  arid 
districts.  The  leaves  of  what  was  described 
by  the  late  M.  Raoul  of  Paris  as  “ the  best 
rubber-yielding  plant  in  South  Madagascar,” 
were  received  at  Kew,  and  an  examination  of 
these  left  no  doubt  that  they  belonged  to  a 
species  of  Tabernceniontana.  Meller,  many 
years  ago  referred  to  a closely-allied  plant  as 
yielding  a “milky  juice,”  and  bearing  the 
native  name  “ Dankouti.”  The  discovery  of 
the  new  rubber  plant  was  described  as  coming 
“very  fortunately  to  relieve  the  Madagascar 
market  which  had  fallen  to  so  low  an  ebb  that 
the  Tamatave  houses  were  closing  their  agen- 
cies, and  were  abandoning  the  trade  to  small 
traders.” 


Mr.  Kingdon  mentions  that  the  discovery  q 
the  new  rubber  plant  in  South  Madagascaj 
was  purely  accidental,  and  entirely  due  to  th 
natives.  Previously,  india-rubber  had  onl 
been  procured  from  Landol^hia  growing  iii 
the  low-lying  parts  of  Madagascar  north  oi 
the  arid  district  of  St.  Mary’s.  The  first  sam 
pies  were  sold  by  the  natives  at  20s.  per  hun 
dred  pounds  ; soon  after  the  price  rose  to  80s! 
per  hundred  pounds,  but  within  a short  perioq 
one  trader  “ cleared  ;^26, 000  net  profit.”  k-> 
nearly  always  happens  in  such  cases,  tlu 
natives  recklessly  cut  down  all  the  plant: 
within  their  reach,  even  digging  up  the  roots 
It  is  estimated  that  within  a few  }'ears,  unles: 
steps  are  taken  to  prevent  it,  this  valuabh 
rubber  district  will  be  completely  exhausted. 

(To  be  continued.) 


Miscellaneous. 

♦ 

PORTLAND  CEMENT  IN  ONTARIO. 

A grade  of  Portland  cement,  claimed  to  he  full} 
equal  in  point  of  excellence  to  the  English,  German 
or  even  Belgian  product,  is,  according  to  a recent 
report  of  Mr.  L.  S.  Hunt,  one  of  the  United  State:-' 
Consuls,  made  of  the  natural  deposit  obtained  fron 
the  bed  of  Shallow  Lake,  in  the  township  of  Keppell,, 
Grey  County,  Ontario,  nine  miles  west  of  Owen 
Sound.  Its  manufacture  was  begun  in  1889  by  the 
Owen  Sound  Portland  Cement  Company,  and  was 
attended  with  very  great  difficulties  at  first,  owing  to 
the  fact  that  but  little  was  known  about  the  processes 
of  its  manufacture,  and  suitable  machinery  was  nof 
readily  obtainable.  The  lake  floods  every  spring  and 
autumn  to  a depth  of  several  feet,  the  water  leaving,) 
through  fissures  in  the  bottom  and  rock-bound  shores, | 
usually  about  the  month  of  June.  Men  and  teams| 
are  then  employed  to  remove  a few  inches  of  the| 
waste  surface,  beneath  which  the  marl  lies  to  a depth 
of  about  three  feet.  Under  the  marl  is  found  the  cla\ 
which  forms  the  other  ingredient,  and  which  is  re- 
moved with  the  aid  of  a derrick,  loaded  on  waggons, 
and  carried  to  the  factory  on  the  shore  of  the  lake. 
A large  number  of  men  and  horses  are  usually  em- 
ployed for  from  six  weeks  to  two  months,  in  order  to 
obtain  sufficient  material  for  manufacture  during  the 
ensuing  autumn,  winter,  and  spring.  The  quality  of 
the  cement  has  been  conclusively  tested  in  the  con- 
struction of  the  canal  at  Sault  Ste  Marie  and  other 
waterways,  as  well  as  in  buildings  throughout  thei 
Dominion.  The  supply  of  ingredients  is  said  to  be 
practically  inexhaustible,  the  lake  covering  about  600 
acres.  The  daily  capacity  of  the  factory  is  at  present 
125  barrels,  which  is  to  be  increased  to  300  at  an 
early  date.  The  company  was  originally  formed  at| 
Owen  Sound,  where  the  principal  office  is  now 
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located.  Although  the  entire  jilant  was  destroj^ed 
by  fire  in  1895,  the  erection  of  the  present  extensive 
factory  was  immediately  begun,  and  it  is  expected  to 
cost,  when  finished,  ^25,000.  Excellent  railway 
facilities,  with  sidings  to  storehouses  and  coke  sheds, 
are  furnished  by  the  Grand  Trunk  Railway  Company. 
About  seven  cartloads  of  coke  per  week  arc  con- 
sumed in  the  manufacture  of  the  cement. 


i THE  SPOXGE  FISHERIES  OF  TRIPOLI. 

i . . 

I Tripoli  (Xorth  Africa)  sponges  are  interior  to  those 
I found  in  the  Archipelago  and  other  parts  of  the 
\ T.evant,  and  are  of  a reddish  brown  colour.  The 
j best  quality,  viz.,  that  gathered  from  rocks,  is  worth 
] from  1 6s.  to  20s.  per  oke  of  2-82  lbs.  ; the  second 
I quality,  gathered  where  sea  weed  abounds,  from  13s. 

I to  i6s.  per  oke  ; and  the  third  quality,  never  sought 
after,  but  occasionally  brought  up  by  the  trawlers, 
i from  los.  to  12s.  per  oke.  There  are  few  or  no  male 
sponges,  i.e.,  black  in  colour  and  totally  worthless,  on 
the  Tripoli  coast.  They  abound,  however,  as  was 
proved  last  year  by  experiments  made  by  Tripoli 
divers,  in  the  waters  of  Malta,  where  they  were  found 
in  great  depths,  their  inferiority  proceeding,  it  is 
alleged,  from  the  sterile  character  of  the  sea  bed  and 
lack  of  the  proper  nutriment  necessary  for  the  pro- 
duction of  the  superior  or  female  sponge.  A method 
is  said  to  have  been  recently  discovered  in  America 
by  which  these  male  sponges  can  be  made  marketable 
by  chemical  treatment,  but  considering  the  great 
depths  at  which  they  are  generally  found,  and  the 
consequent  loss  of  life,  it  is  doubtful  whether  it  can 
be  made  available  even  if  successful.  Consul-General 
Jago  states  that  the  Tripoli  sponge  fisheries  extend 
all  along  the  coast  from  Farwah,  close  to  the  Tunisian 
frontier  on  the  west,  to  near  Misurata  on  the  east,  a 
distance  of  about  300  miles.  These  fisheries  were 
not  well  explored  until  1890,  when  catches  reached 
the  value  of  12,000,  and  in  1893  values  of  the 
catches  rose  to  ^^74,200,  to  be  reduced  to  ;,C28,ooo  in 
1896.  The  average  annual  value  since  1890  has  been 
/, 33,000.  The  fishermen  are  Greeks  from  the  Greek 
islands  of  Hydra  and  Higina,  a smaller  jwoportion 
coming  from  the  Turkish  islands  of  Kalimno,  Symi, 
and  Khalki  in  the  Archipelago,  these  last  under  the 
Ottoman  flag.  Four  methods  of  fishing  are  em- 
ployed, viz.,  the  machine  boat,  or  that  provided  with 
proper  diving  dresses  and  apparatus  ; the  trawler  or 
“ gangara  ; ” the  harpoon  boat ; and  the  common 
diver,  who  descends  with  line  and  stone.  The 
machine  boats,  which  are  five  to  six  tons  each,  fur- 
nished with  three  or  four  diving  dresses,  are  divided 
into  two  classes,  according  to  quality  of  dress,  the 
best  kind  coming  from  England,  and  the  second, 
which  is  cheaper,  coming  from  France.  The  first-class 
boat  is  manned  by  a crew  of  20  to  22  men,  of  whom 
10  are  professional  divers,  and  the  second-class  boat 
by  a crew  of  14  to  16  men,  of  whom  5 to  7 are  divers. 


The  first-class  descend  to  a depth  of  25  to  30  fathoms, 
the  second-class  to  15  to  20  fathoms,  remaining  below 
from  five  minutes  to  half  an  hour  at  a time,  according 
to  depth.  The  boats  keep  the  sea  for  two  months  at 
a time,  being  attended  by  a depot  ship  of  50  to  60 
tons  burden,  in  the  proportion  of  four  machine  boats 
to  one  depot  ship,  a smaller  craft  being  kept  in 
attendance  for  communication  with  the  shore  for 
provisions,  &c.,  as  occasion  requires,  d'hese  de|K)t 
shijis  receive  every  evening  the  produce  of  the  day’s 
catch,  and  supply  stores  and  provisions  to  the  crew. 
Men  from  18  to  50  years  of  age  dive,  but  those 
fre(juenting  the  Trij)oli  coast  are  all  young  men,  few 
over  30  years.  The  rate  of  mortality  among  them  is 
from  4 to  5 per  cent,  per  season,  rarely  caused  by 
accidents,  but  chiefly  by  the  effects  of  paralysis  of  the 
limbs  j^roduced,  it  is  stated,  by  pressure  on  the  spine 
through  fishing  in  too  great  depths.  Partial  or  tem- 
porary paralysis  of  the  limbs  takes  jdace  in  many 
cases.  In  some  instances  curable  by  treatment  and 
abstention  from  work  ; in  others  jiermanent,  anrl 
necessitating  the  patients  being  invalided  home. 
.Strange  to  say,  those  suffering  from  this  comjdaint 
become  perfectly  well  when  once  they  re-descend,  to 
be  again  attacked  on  re-emerging  from  the  sea.  They 
receive,  besides  food,  wages  at  the  rate  of  £.20  to 
£()0  per  annum  of  two  seasons,  the  summer  season 
lasting  six  months,  and  the  winter  season  four 
months,  according  to  skill  and  experience,  seamen 
getting  from  to  £\(^  per  annum,  with  food.  The 
men  are  well  fed  and  nourished,  receiving  when  at 
work  one  good  meal  a day — usually  taken  in  the 
evening.  Goat’s  flesh  is  largely  consumed  on  account 
of  its  digestibility  and  alleged  relief  to  the  respirator}’ 
organs.  The  trawlers  or  “gangara”  are  boats  of 
two  and  three  tons  each,  manned  l)y  five  to  seven 
men.  They  trawl  under  sail  by  day  and  night,  and 
drag  depths  varying  from  15  to  60  fathoms.  They 
remain  almost  constantly  at  sea,  visiting  the  port  now 
and  again  on  feast  days  and  for  the  purchase  of 
provisions.  The  men  receive  besides  food,  in  some 
instances,  wages  of  14  to  20  napoleons  per  season  ; in 
others,  they  share  in  the  proceeds  of  the  fishery,  after 
deduction  made  for  cost  of  food,  expenses,  dsjc.  The 
action  of  the  trawler  is  naturally  prejudicial  to  the 
fishery  by  tearing  and  otherwise  injuring  the  sponge, 
instead  of  removing  it  whole  and  in  good  condition, 
as  is  done  by  the  machine  diver.  The  harjioon  boat 
or  “ harpun  ” is  of  one  or  two  tons  burden,  manned 
by  three  to  five  men,  all  of  whom  come  from  the 
Greek  islands,  and  are  j^aid  on  the  share  or  co- 
operative system.  The  harpoon  is  a manv-pronged 
fork.  The  common  divers,  those  with  line  and  stone, 
all  come  from  the  Turkish  islands  of  the  Archipelago. 
During  the  last  two  or  three  years  the  two  last 
classes  of  fishermen  have  abandoned  the  waters  of 
Tripoli,  the  harpooner  finding  fewer  sponges  to  be 
fished  in  those  comparatively  shallow  waters  where 
alone  he  can  work,  and  has  betaken  himself  to  Crete 
and  Cyprus.  The  common  diver  has  been  scared 
away  by  the  attacks  of  the  ferocious  dog  fish,  an  ugly 
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black  creature,  appearing  to  be  all  head  and  jaws, 
which  three  years  ago  bit  a diver  in  two,  and 
desperately  wounded  two  others  before  they  could  be 
drawn  up.  So  far  this  fish  has  not  attacked  the 
helmeted  diver,  although  often  approaching  dan- 
gerously close,  the  sounding  of  the  air  whistle  on 
deck  sufficing,  on  occasions,  to  frighten  it  away.  It 
is  sometimes  sold  in  the  Tiipoli  fish  market,  and  the 
flesh  is  eaten  by  a few  people,  who  regard  it  as  a 
remedy  in  cases  of  intermittent  fever.  The  fishery 
season  lasts  from  April  to  October,  when  the  majority 
of  the  machine  boats  return  home  to  the  islands  with 
their  depot  ships,  taking  with  them  the  results  of 
their  fishery,  and  continue  their  work  during  the 
winter  season  in  other  and  more  sheltered  parts  of 
the  Archipelago.  The  large  bulk  of  the  crop,  un- 
bleached and  unprepared,  is  taken  at  the  close  of  the 
season  to  the  islands  whence  the  boats  come,  where 
long  experience  in  manipulation,  combined  with 
cheap  labour,  prepares  them  for  the  European 
market  in  conjunction  with  assortments  of  other 
sponges  of  superior  quality  fished  elsewhere.  Thither 
go  the  buyers  of  European  houses,  who  are  almost 
invariably  Greek  experts.  Purchases  in  Tripoli  for 
foreign  account  and  export  direct  to  Europe  take 
place  to  the  extent  of  one-quarter  to  one-third  of  the 
entire  crop,  England  taking  the  largest  proportion, 
followed  by  France  and  then  Italy.  The  method  of 
bleaching  and  preparation  practised  in  Tripoli  in 
respect  of  a quantity  of  sponges  recently  purchased 
for  a European  market  was  as  follows  After  being 
well  soaked  in  the  sea  for  cleansing  purposes,  they 
were  immersed  in  a tub  of  water  containing  a certain 
solution  of  oxalic  acid,  whence  they  emerge  of  a 
yellowish  colour,  great  care  being  required  that  they 
do  not  remain  in  the  solution  too  long,  otherwise 
they  become  “ burnt,”  and  consequently  worthless. 
After  being  dried  they  are  worked  up  in  dry  sand, 
then  shaken  and  packed  in  boxes  ready  for  shipment. 
The  presence  of  sand  in  the  sponges  is  said  to  be 
necessary  to  suit  the  requirements  of  consumers  in 
certain  European  countries,  who  consider  it  as  an 
infallible  test  of  the  genuineness  of  the  article. 


INDIAN  AND  CEYLON  TEA. 

Messrs.  Gow,  Wilson  and  Stanton  have  issued  a 
diagram  showing  the  fall  in  the  price  of  British- 
grown  tea,  the  variations  in  the  value  of  the  liipee, 
and  the  approximate  return  in  rupees  to  the  tea 
planter  at  the  various  rates  of  exchange  from  1886  to 
1897.  They  add  in  explanation  of  the  diagram  that 
on  broad  lines  it  may  be  said  that  tea  is  produced  in 
silver  currency  and  paid  for  in  gold  currency.  In 
other  words,  a certain  very  large  per-centage  of  the 
price  obtained  for  the  article  has  to  be  converted  into 
rupees,  in  which  the  producing  expenses  are  paid. 
The  higher  the  gold  value  of  the  rupee,  the  fewer 


rupees  will  the  seller  of  Indian  and  Ceylon  producet 
get  for  his  sterling  price,  for  when  the  rupee  is  worth 
IS.  4d.  the  pound  sterling  exchanges  for  only  i5[ 
rupees,  while  it  exchanges  for  20  when  the  rupee  isi 
worth  only  is.  The  industries  are  now  of  such  vast; 
magnitude  that  a rise  of  id.  in  the  exchange  meansj 
a difference  of  more  than  ^^400, 000  sterling  to  the' 
producers.  The  artificial  value  recently  given  to  the 
rupee  by  the  closing  of  the  mints  by  the  Government 
of  India,  handicaps  the  growers  of  India  and  Ceylon 
in  their  competition  with  their  rivals  in  other  tea-, 
producing  countries  whose  currency  is  ruled  by  natural 
laws.  The  line  in  the  diagram  showing  the  gold 
value  of  the  rupee  calls  for  little  remark.  The  rupee 
fell  steadily  from  1886  to  1888.  There  was  a ^•ery 
slight  recovery  in  1889,  and  a rapid  rise  in  1890, 
which  was  due  to  the  passing  of  the  Sherman  Act  by 
the  United  States  Congress  in  that  year.  A heavy 
fall  took  place  in  1891,  and  continued  until  1895  when 
the  rupee  went  as  low  as  is.  igd.  for  the  average 
of  the  year.  Then,  at  last,  the  closing  of  the  mints 
began  to  tell,  and  the  gold  value  of  the  rupee  rose 
gradually  to  is.  2|d.  in  1896,  and  is.  3|d.  in  1897. 
For  a few  years  previous  to  1896  the  producer  had 
been  able  to  combat  the  almost  persistent  fall  in  the 
London  average  price  of  Indian  and  Ceylon  tea  by 
the  decline  in  the  value  of  the  rupee,  and  notwith- 
standing a fall  of  nearly  20  per  cent,  in  the  London 
market  price,  he  received  an  increased  number  of 
rupees  for  his  produce.  Since  1895,  the  planter  has 
not  only  had  to  face  still  lower  markets,  but  has 
received  a less  number  of  rupees,  for  his  local 
expenditure,  in  proportion  to  the  rise  in  exchange 
which  has  taken  place ; and  although  the  fall  in  the 
London  price  was  only  about  6 per  cent.,  the  fall  in 
the  remitting  power  amounted  to  a figure  approaching 
20  per  cent. 


General  Notes. 

♦ 

Swiss  Emigration  in  1897. — Last  year  fewer 
people  emigrated  from  Switzerland  than  for  a number 
of  years  past.  Over  80  per  cent,  of  the  emigrants 
went  to  the  United  States.  During  the  last  five  years 
the  number  leaving  Switzerland  was  20,132.  In  1897, 
2,508  emigrated;  in  1896,  3,330;  in  1895,  4,268;  in 
^894,  3j849  ; and  in  1893,  6,177.  Of  those  who 
emigrated  in  1897,  1,476  were  males  and  1,032 
females  ; 396  were  under  15  years  of  age,  1,935 
under  50,  and  167  were  over  50  years  of  age.  The 
number  emigrating  to  the  United  States  during  1897 
was  2,149.  Three  went  to  Canada,  six  to  Central 
America,  55  to  Brazil,  12  to  Umquay,  233  to  the 
Argentine  Republic,  five  to  Chile,  seven  to  Australia, 
33  to  Africa,  and  three  to  Asia;  1,870,  or  about 
75  per  cent,  of  the  total  number,  sailed  by  French 
lines. 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  fohn-street,  Adelphi,  London,  IV.C. 


Notices. 


DETERIORATION  OF  EATER. 

The  Report  of  the  Committee  of  the  Society 
of  Arts  on  the  Deterioration  of  Paper  has  now 
been  published,  price  is.,  and  can  be  obtained 
on  application  to  the  Secretary,  Society  of  Arts, 
John-street,  Adelphi,  W.C.  Two  Appendixes 
are  printed  with  the  Report : — i.  Abstracts  of 
Papers  on  German  Official  Tests,  1885-96  ; 
2.  Precis  of  Correspondence. 


Proceedings  of  the  Society. 


CANTOR  LECTURES. 
SOURCES  OF  COMMERCIAL  INDIA- 
RUBBER. 

By  Dr.  D.  Morris,  M.A.,  C.M.G. 

Leclure  JL — Delivered  April  25,  1898. 

(Concluded  from  /.  782 J 

Asiatic  Rubbers. 

Of  the  Asiatic  rubbers,  the  chief  sources  of 
supply  are  obtained  from  Assam  through 
Calcutta,  from  Upper  Burmah  through  Ran- 
goon, from  the  Straits  Settlement  through 
Penang  and  Singapore,  from  Sumatra,  Java, 
Borneo,  and  New  Guinea. 

Assam  rubber,  the  caoutchouc  of  Indian 
commerce,  imported  from  Calcutta,  is  obtained 
from  Ficus  elastica,  Ro.xb.  This  is  a common 
parlour  plant  in  this  country,  and  is  familiar  to 
every  one.  When  fully  developed  it  attains  to 
the  dimensions  of  a huge  forest  tree,  with  low 
buttress  - like  roots,  and  numerous  aerial 
shoots  from  the  branches,  forming  subsidiary 
stems — as  in  the  celebrated  banyan  tree.  The 
leaves  in  young  shoots  arc  up  to  12  inches 
long;  in  old  fruiting  branches  they  are  scarcely 
three  inches  long.  The  fruits  are  arranged  in 
pairs  ^ inch  long,  greenish  yellow  when  ripe. 


This  tree  is  often  epiphytic,  but  is  readily 
propagated  from  cuttings,  and  is  cultivated 
for  shade  and  ornament  in  nearly  every  part 
of  the  world.  It  is  a native  of  the  damp 
forests  from  the  base  of  the  Sikkim  Hima- 
laya, eastward  to  Assam  and  Arracan.  It 
is  usually  local  in  its  distribution.  It  ex- 
tends beyond  Indian  territory  into  that  of 
several  neighbouring  States,  such  as  Sik- 
kim, Bhotan,  and  the  country  of  the  various 
independent  tribes  to  the  north  and  east.  It  is 
found  in  Upper  Burmah  and  in  some  parts  of 
the  Malay  archipelago. 

'I'he  rainfall  is  heavy  in  these  Assam  hills, 
but  there  are  distinct  dry  and  wet  .seasons. 
The  average  temperature  for  the  year  is 
74°  Fahr. 

I'he  Assam  rubber,  both  that  obtained  from 
Government  forests  and  that  imported  from 
beyond  the  border,  is  shipped  by  inland 
steamers  to  Calcutta  by  the  rivers  Brahmaputra 
and  Meghna.  In  1894-95  the  out-turn  of  home 
rubber  was  979  maunds*  of  the  value  of  Rs. 
1 3,453  ; of  foreign  rubber,  2,449  maunds,  of 
the  value  of  Rs.  29,390— total,  3,428  maunds 
of  the  value  of  Rs.  42,823  (or  126  tons  of  the 
value,  at  par,  of  ^(4,282). 

According  to  Mr.  C.  Brownlow  not  only  the 
aerial  roots  but  the  horizontal  branches  are 
also  tapped.  The  cuts  are  made  at  intervals 
of  a few  inches.  The  tree  must  be  twice 
climbed,  once  to  cut  it,  and  the  second  time  a 
day  or  two  afterwards  when  the  gum  is  dry  to 
gather  it.  The  tears  are  torn  away  from  each 
cut,  and  moulded  together  to  agglutinate  into 
a ball.  The  quantity  that  can  be  gathered 
from  each  tree  at  one  cutting  is  said  to  be 
8 to  10  lbs. 

The  rubber  is  shipped  from  Calcutta  in 
baskets  made  of  split  rattans,  weighing  about 
3 cwt.  each,  and  covered  with  a gunny  bag. 
It  has  a characteristic  mottled  appearance, 
and  occurs  in  the  form  of  balls  pressed  together, 
or  in  irregular  masses  or  slabs.  Ihere  is  an 
interesting  series  shown  in  the  Kew  Museum 
from  Assam,  Burmah,  Perak,  Singapore,  and 
Sumatra  ; also  from  cultivated  trees  in  Ceylon, 
Egypt  and  Jamaica. 

The  earliest  writer  on  the  subject  of  Assam 
rubber  was  Dr.  Roxburgh,  whose  attention  was 
first  directed  to  the  rubber  as  a water-proof- 
ing material  on  a vessel  containing  honey, 
sent  to  him  in  1810  from  Sylhet  by  Mr. 
Matthew  Richard  Smith.  Several  more  recent 
writers  assert  that  the  natives  of  Assam 
have  for  ages  been  acquainted  with  the  proper- 

A ni.iun(I  = 82  pounds. 
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ties  of  gum-elastic,  using  it  to  water-proof 
their  baskets  and  to  burn  as  candles. 

The  subsequent  steps  taken  to  develop  a 
rubber  industry  in  Assam  are  fully  given  by 
Dr.  G.  Watt  in  the  “Dictionary  of  the 
Economic  Products  of  India,”  iv.,  pp.  345-548. 
A sample  of  Sylhet  rubber  was  sent  to  Sir 
David  Brewster,  which,  after  eleven  years, 
was  found  to  possess  its  elasticity,  and  to  be 
superior  to  the  South  America  rubber,  in  light- 
ness of  colour  and  freedom  from  smell.  Dr. 
Royle  in  1838  stated,  “there  was  not  the 
slightest  doubt  of  this  rubber  becoming  an 
extensive  article  of  Indian  commerce.”  From 
this  time,  considerable  interest  was  awakened 
in  Assam  caoutchouc.  The  resources  of  the 
districts  in  which  the  trees  were  found  were 
rapidly  and  recklessly  drawn  upon,  and  fears 
were  soon  expressed  that  the  industry  would 
be  destroyed.  Unfortunately  also  the  quality 
of  the  rubber  was  allowed  to  deteriorate,  and 
it  consequently  lost  its  reputation  in  European 
markets.  The  most  reliable  data  on  the 
injury  done  to  the  trees,  were  furnished  m an 
instructive  report  prepared  by  Mr.  Gustav 
Mann,  Conservator  of  Forests  in  Assam,  for 
the  5^ear  1868-69.  it  was  shown  that 

the  contractors,  who  had  bought  the  jorivilege 
of  tapping  in  the  Government  forests,  had  no 
control  over  the  natives,  and  encouraged  the 
latter  to  obtain  the  largest  possible  quantity  of 
rubber  in  the  shortest  time.  There  was  in 
consequence  the  most  outrageous  destruction 
of  valuable  trees.  Even  in  other  districts, 
where  a less  destructive  system  was  pursued, 
it  was  found  that  in  time  the  trees  lost  their 
power  of  yielding  milk.  Mr.  Mann  affirmed 
that  continuous  tapping  for  six  months,  year 
after  year,  would  kill  the  trees,  and  he  accord- 
ingly urged  either  that  tapping  should  be 
reduced  to  three  months  a year  (January, 
February,  and  March),  or  that  a regulation 
should  be  made  prohibiting  the  tapping  of 
forests  more  frequently  than  once  in  three 
years.  Mr.  Mann  concluded,  “ unless  the 
time  of  collecting  is  much  more  limited,  and 
some  plantations  are  started  to  provide  for 
future  supplies,  there  will  be  no  more  rubber 
procurable  from  these  forests  a few  years 
hence,  and  the  rubber  tree  will  gradually  dis- 
appear, and  a valuable  commodity  be  lost  to 
the  public,  as  well  as  the  revenue  derived 
therefrom  to  Government.” 

In  1873,  the  Government  of  Bengal  decided 
to  start  regular  plantations  of  Ficus  elastica 
in  Assam.  The  order,  issued  in  1873,  was 
repeated  in  1876,  and  has  been  acted  upon 


with  slight  interruption  until  the  present  time. 
The  Charduar  district  has  proved  the  best 
locality  for  plantations,  and  in  1884  the  total 
area  under  caoutchouc  trees  was  892  acres. 
This  had  cost  up  to  that  time  Rs.  64,351,  or 
Rs.  72  per  acre.  Later  experiments  have 
reduced  this  cost  to  Rs.35  per  acre.  In  May, 
1884,  directions  were  issued  by  the  Govern- 
ment of  India  “ that  for  five  years  from  that 
date,  the  Assam  plantations  should  be  in- 
creased by  200  acres  a year.  Part  of  that 
extension  was  recommended  should  be  on 
higher  ground  than  that  planted  at  Charduar.” 

“At  the  same  time,”  it  was  added,  “en- 
deavours should  be  made  to  induce  private 
persons  to  plant  india-rubber  trees  on  their 
estates,  seedlings  being  offered  by  the  Forest 
Department  at  cost  price.  It  was  also  sug- 
gested that  the  experimental  planting  of 
Ficus  elastica  as  an  epiphyte  might,  with 
advantage,  be  undertaken  by  the  Forest 
Department.  In  a state  of  nature  this 
plant  generally  reproduces  itself  in  this 
way,  and  although  the  growth  of  the  seed- 
lings thus  raised  is  slow  at  first,  the  trees 
are  said  to  grow  to  much  larger  dimensions 
ultimately.  This  method  of  reproduction  is 
moreover  inexpensive,  as  the  seedlings  do  not 
require  any  attention  after  they  have  once  been 
deposited  in  the  upper  forks  of  trees.”  The 
Government  of  India  also  desired  “that  in  order 
to  test  the  financial  results  of  the  cultivation  of 
this  rubber,  50  mature  trees  should  be  experi- 
mentally tapped  annually.  In  the  reports  of 
subsequent  years,  the  results  of  these  experi- 
ments are  fully  given.  The  amount  of  rubber 
obtained  showed  a singular  irregularity  year 
by  year.  It  varied  so  greatly,  that  while  the 
yield  in  one  year  was  as  much  as  26  lbs. 
per  tree,  it  would  fall  in  another  year  to  a little 
over  2 lbs.  The  value  in  money  depended, 
of  course,  on  the  market,  but  at  an  average 
price  of  is.  6d.  per  lb.,  the  extreme  yield  per 
tree  varied  from  39s.  to  3s. 

There  is  another  point  of  practical  import- 
ance. “It  is  well  known  that  Ficus  elastica 
will  grow  with  undiminished  rapidity  and 
luxuriance  in  situations  remote  from  the  hills, 
but  in  such  localities  it  fails  to  yield  caout- 
chouc.” Hence,  Mr.  Mann  concludes  “that 
no  greater  mistake  could  be  made  than  to  start 
plantations  of  this  tree  in  the  plains  of  Bengal.” 
This  is  true  also  of  many  parts  of  the  world 
where  the  tree  has  been  introduced.  In  spite 
of  the  abundance  of  the  tree  under  cultivation 
in  the  tropics  of  both  the  Old  and  New  World, 
it  has  nowhere  proved  so  valuable  for  the  pro- 
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duction  of  rubber  as  in  the  mountainous  parts 
of  Assam. 

For  a time  the  efforts  of  the  Government  of 
India  were  suspended.  It  was  felt  that  no 
system  of  inspection  could  render  protection 
effective  over  a block  of  forest  of  200  square 
miles,  with  perhaps  only  10  or  20  trees  to  the 
square  mile.  The  illicit  tapper  works  in  the 
rainy  season  when  the  forest  guards  are  with- 
drawn. Further,  the  northern  boundary  of 
the  Government  abounds  in  uninhabited  and 
trackless  territory  except  for  wild  elephant 
paths,  and  the  rubber  once  collected  could  be 
easily  carried  across  the  line,  to  be  re-imported 
as  foreign  produce.  Mr.  H.  C.  Hill,  officiating 
Inspector-General  of  Forests  in  1896  was,  how- 
ever, strongly  of  opinion  that  the  plantations 
of  Ficus  elastica  were  the  only  means  of  assur- 
ing a continuous  supply  of  rubber.  He  pointed 
out  “ that  the  quantity  of  rubber  exported  from 
Assam,  annually,  at  present  amounts,  in  round 
numbers,  to  3,500  maunds,  worth,  in  Calcutta, 
3^  lakhs  of  rupees  (^35,000).  The  Government 
royalty,  at  Rs.  12  a maund,  amounts  to 
Rs.  42,000  (;^4,20o)  a year.  It  behoves  the 
Government  to  invest  a fair  proportion  of  these 
receipts.  The  only  prospect  of  success  seems 
to  be  in  the  direction  of  artificial  plantations, 
where  the  trees  can  be  concentrated  on  a 
limited  area,  the  effective  protection  and  ex- 
ploitation of  which  will  be  possible.” 

Mr.  Hill  continued  as  follows  : — 

“ In  order  to  ascertain  what  prospect  of  yield  the 
plantation  gives  at  present,  I had  four  good  trees 
tapped.  Their  age  is  18  or  possibly  20  years,  as  the 
old  trees  date  from  1875,  and  the  first  compartments 
were  only  successfully  planted  in  their  present  com- 
pleteness in  1877-8.  They  yielded  respectively  23, 
2f,  II,  and  48  chittacks  (approximately  equivalent  to 
3,  3,  G and  6 lbs.).  This  was  valued  locally  at  Rs. 
97  a maund,  and  allowing  for  some  further  drying  and 
a fair  rate  for  collection,  the  net  value  may  be  taken 
at  Rs.  80  (a  little  over  is.  per  pound).  The  rubber  was 
sent  to  Dr.  Watt  with  a view  to  his  obtaining  an 
independent  valuation  in  Calcutta.  The  result  of  this 
valuation  is  Rs.  105  to  Rs.  108,  Rs.  100  to.  Rs.  105, 
Rs.  no  to  Rs.  1 15,  Rs.  no  to  112  respectively,  per 
bazaar  maund  landed  in  Calcutta  (equivalent  to  an 
average  price  of  is.  6d.  per  lb.).  One  man  taps  three 
trees  in  a day  or  collects  the  rubber  from  two  trees, 
so  that  1 5 men  would  tap  and  collect  the  rubber  from 
an  acre  containing  18  trees.  Allowing  a margin,  the 
collection  should  be  done  for  Rs.  10  a maund.  The 
yield  varies  with  the  spread  of  the  crowns  and  the 
more  or  Ics;  openness  of  the  situation.  The  smallest 
yield  was  obtained  from  an  enclosed  tree  in  the  middle 
of  the  compartment : the  largest  from  a tree  open  on 
two  sidei  situated  on  the  bank  of  the  Mansiri 


river.  Previous  tappings  had  Ixjen  confined  to 
the  least  vigorous  and  most  suppressed  trees  in 
the  lines,  and  hence  the  rubl>er  obtained  gave  no 
indication  of  the  yield  of  the  jdantation,  the  domi- 
nant vigorous  trees  of  which  alone  yield  njbber  freely. 
I think  the  yield  ol;tained  from  these  few  trees  justifies 
the  assumjition  that  20  seers  (iiHjs.)  could  e\en  now 
be  obtained  from  an  acre,  and  that  it  is  reasrmable  to 
suppose  a maund  will  be  readily  obtained  at  or  lx.-fore 
the  age  of  50  years,  ami  that  Ks.  ib  j>er  acre  |K.*r 
annum  can  be  counted  uj)on.  If  these  ^iews  are 
accepted,  there  would  seem  to  be  a good  ca.-e  U>r  ex- 
tending the  jdantation  by  250  acres  a year,  at  a cost 
of  Rs.  10,000,  for  the  next  12  years  at  least.  Hy 
this  time  it  will  cover  an  area  of  5,000  acres,  the 
prosjicctive  yield  of  which  would  be,  even  according 
to  Mr.  McKee’s  estimate,  1,000  maunds  of  rubl>er 
per  annum,  adding  a net  income  of  at  least  Rs.  80,000 
to  the  forest  revenues  of  the  province.  As  already 
shown,  Government  is  only  required  to  forego  25  }>er 
cent,  of  the  revenue  it  is  now  deriving  from  the  exter- 
mination of  the  natural  rubber  trees.  Consideaing 
that  men  are  ready  to  pay  up  to  Rs.  38  a maund  for 
rubber  collected  from  the  forests  in  the  Tezpur  district, 
with  a guaranteed  yield  of  168  maunds  from  one  of 
the  two  mahals  (eastern)  into  which  the  district  has 
been  divided,  it  may  be  desirable  to  raise  the  royalty 
from  Rs.  12  to  Rs.  20  a maund.  This  would  still 
leave  an  ample  margin  for  profit  since  the  cost  of  col- 
lection and  carriage  varies  from  Rs.  iC-8  in  the  Garo 
hills  to  Rs.  30  paid  by  mahaldars.” 

Commenting  on  the  decline  of  the  exports  of 
india-rubber  from  Bengal,  the  Collector  of  Sea 
Customs,  Calcutta,  stated,  in  the  annual  state  - 
ment  of  the  sea-borne  trade  and  navigation  of 
Bengal,  that  “ it  is  a pity  that  something  can- 
not be  done  to  improve  the  method  of  collect- 
ing Indian  caoutchouc,  w’hich  at  present  does 
not  command  in  Europe  and  America  as  high 
prices  as  that  from  other  countries.  It  would 
seem  probable  that,  with  proper  care  and  more 
attention  to  the  extraction  of  caoutchouc 
according  to  methods  adopted  in  the  places 
w'hich  supply  the  best  description,  the  value  of 
the  trade  to  India  would  materially  increase. 
I understand  that  the  inferiority  of  the  Indian 
article  as  exported  is  not  due  to  the  inferiority 
of  the  trees  in  Assam,  but  to  the  careless  way 
in  which  the  caoutchouc  is  collected,  and  to 
its  coming  into  the  market  so  full  of  extraneous 
matter.”  This  extraneous  matter  is  said  to 
consist  of  pieces  of  bark,  wood,  mud,  sand, 
and  stones. 

Other  Indian  Rubber  Plants. 

A handsome  climbing  plant,  the  “ Pulay  ” 
{Cryptostegia grandijlora),  with  glossy  leaves 
and  pale  purple  fiowers  in  large  terminal 
clusters,  probably  a native  of  Madagascar  but 
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now  naturalised  in  India  and  many  parts  of  the 
tropics,  is  said  to  yield  good  rubber. 

The  Conservator  of  Forests,  Northern  Circle, 
Bombay  Presidency,  wrote  on  the  i6th  Jan,, 
1888,  “ Cryptostegia  grandijlora  is  cultivated 
in  gardens  in  nearly  every  station  in  India,  and 
can  be  easily  propagated.  The  cost  of  collect- 
ing the  sap  would  be  so  great  that  a plantation 
is  not  likely  to  be  commercially  successful.  The 
plant  grows  practically  wild  in  the  Western 
Ghats.”  A sample  of  rubber  from  Bombay, 
received  at  Kew  in  1897,  was  described  “as 
badly  prepared  and  full  of  sand  and  other  im- 
purities. The  quality  of  the  rubber  itself  was 
good  and  if  properly  prepared  and  cleaned  it 
would  be  worth  2s.  6d.  per  pound  or  more.”  It 
is  quite  possible  that  by  coppicing  the  plant 
and  taking  yearly  crops  of  shoots  this  plant 
might  yet  be  rendered  of  value. 

Alsto?iia  scholar  is  is  a large  evergreen  tree, 
60  feet  high,  found  in  the  drier  forests  of  India 
but  extending  to  Ceylon,  Singapore  and  Penang, 
the  Malay  archipelago,  tropical  Australia,  and 
Africa.  It  has  rather  large  leathery  leaves  and 
greenish-white  flowers  with  very  long  and 
slender  follicles.  The  milky  juice  is  very 
bitter.  It  has  long  been  regarded  as  produc- 
ing an  inelastic  rubber-like  substance  but  so 
far  no  use  has  been  found  for  it. 

In  1884  Dr.  Ondaatje  forwarded  from  Ceylon 
a large  sheet  of  a substance  obtained  from  the 
milk  of  Alstonia  scholar  is.  He  described  it 
as  a good  substitute  for  gutta-percha,  being 
very  plastic,  soluble  in  chloroform,  and  precipi- 
tated by  alcohol ; also  resistant  to  acids.  The 
substance  sent  had  evidently  been  prepared 
with  some  care  and  pressed  into  sheets.  No 
information  was  given  as  to  the  quantity  avail- 
able or  the  cost  of  production.  The  specimen 
is  still  in  the  Kew  Museum. 

Clione?norpha  macrophylla  is  a stout 
climbing  shrub,  found  in  moist  forests  through- 
out India,  Ceylon,  Malacca,  Andaman  Islands, 
Sumatra,  and  Java.  We  know  little  or  nothing 
of  the  value  of  this  as  a rubber  plant.  Kurz 
(“  Forest  Flora,”  ii.,  187)  quotes  Mr.  Parish 
as  saying  that  “ it  yields  a considerable 
quantity  of  caoutchouc.” 

There  are  a few  other  Indian  plants  yielding 
milk,  containing  caoutchouc  in  a more  or  less 
impure  state.  Ai'tocarpus  C hap  I ash  a,  Siccordi- 
ing  to  Kurz,  “ yields  a tenacious  milky 
caoutchouc.”  A.  integi'ifolia,  the  common 
Jack-fruit  tree,  is  said,  by  a writer  in  the 
Indian  Ag7dcultu7‘ist,  to  yield  “ an  elastic, 
leathery,  and  water-resisting”  substance,  but 
Dr.  Heifer  states,  “ it  does  not  dry  perfectly.” 


A somewhat  similar  substance  is  used  in 
Ceylon  and  Singapore  as  a bird-lime.  Ficus 
laccifera,  according  to  Gamble,  yields  “caout- 
chouc more  sparingly  than  F.  clastica,  and  of 
inferior  quality.” 

Willughbeia  edulis,  a large  climber,  with 
long  tendrils,  native  of  India  and  the  Malay 
archipelago,  is  sometimes  cultivated  for  the 
sake  of  its  berry  outwardly  resembling  a 
mango.  The  plant  yields  a pure  white  viscid 
juice,  which  is  changed  by  exposure  into  an 
indifferent  kind  of  india-rubber.  W.  zeylanica 
of  Ceylon,  with  a large  handsome  fruit — a 
favourite  food  of  monkeys — yields  “ a putty- 
like substance,  with  scarcely  any  elasticity.” 

Upper  Bermah  or  Rangoon  Rup.p.er. 

This,  for  the  most  part,  is  also  produced  by 
Ficus  elaslica,  of  which  whole  forests  exist  in 
certain  parts  of  Upper  Burmah.  India-rubber 
was  first  exported  from  this  region  to  Rangoon 
in  1870.  It  is  carried  down  the  Irrawaddy. 
Up  to  1873  the  trade  was  free  to  all  who  chose 
to  engage  in  it,  but  since  that  time  the  forests 
have  been  worked  by  Chinese  under  a mono- 
! poly  from  the  Burmese  Government.  The 
! price  paid  was  about  Rs.  70,000  per  annum. 

: According  to  Mr.  Warry,  “the  Chinese  say 
; that  the  india-rubber  tree  occurs  throughout 
j a very  extensive  district  stretching  several 
! hundred  miles  north  of  Mogaung,  and  extend- 
! ing  to  the  east  far  across  the  Chinese  border. 

! A fractional  part  only  of  this  immense  area 
has  been  worked.”  The  tapping  is  almost 
entirely  in  the  hands  of  the  Kachins,  who  are 
very  jealous  of  interference  with  the  trees  and 
I careful  in  their  methods  of  tapping  them.  In 
three  years,  it  was  estimated  by  Mr.  Warry 
that  about  200  tons  of  rubber  were  sent  fronv 
Bhamo  to  Rangoon  by  the  Chinese  mono- 
polists, and  that  they  cleared  17  per  cent,  ork 
the  capital  invested. 

In  August,  1892,  the  following  rule  was 
issued  for  regulating  the  tapping  of  india- 
rubber  trees  in  the  Bhamo  and  Upper  Chind- 
win  districts  of  Burmah  : — “ Trees  may  be 
tapped  only  during  the  months  of  December,. 
January,  February,  and  March.  Stems  on 
aerial  roots  measuring  less  than  3 feet  in  girth 
at  3 feet  above  the  ground,  as  well  as  the 
I underground  roots  of  trees  and  the  lowest  part 
: of  the  stem  within  3 feet  from  the  ground,  may 
not  be  tapped,  and  no  india-rubber  trees  may 
be  felled,  burnt,  or  tapped.  The  incisions 
must  not  exceed  i foot  in  length  and  4 inches- 
in  breadth.” 
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The  following  Table  illustrates  the  relative 
share  taken  by  Assam  and  Burmah  in  the 
exports  of  rubber  from  India,  for  the  years  1887 
to  1892  inclusive  : — ■ 


Year. 

r 

Bengal. 

Burma. 

1887-88  .... 

Cwt. 

6,251 

Rs. 

6,97,654 

Cwt. 

2,977 

Rs. 

4,56,681 

1888-89  .... 

5.609 

6,09,195 

3,034 

3,58,153 

1889  90  .... 

4.51I 

5,34,584 

5,423 

6,02,914 

1 89CC  9 1 . . . . i 

4,185 

5,15,986 

5,107 

6,57,189 

1891-92  

3,563 

4,60,786 

5,771 

7,11,584 

The  receipts  of  Bengal  (Assam)  india-rubber 
in  the  United  Kingdom  in  1896  was  100  tons, 
of  the  value  of  ;^i6,309,  and  of  Burma  (Ran- 
goon) rubber  228  tons  of  the  value  of  ^46,307. 

There  are  probably  other  sources  of  india- 
rubber  in  Burmah,  but  the  exact  extent  of  their 
production  is  not  known.  One  promising 
species  appears  to  be  Urceola  (Chavannesia) 
esculent  a,  Benth.,  a climbing  plant  with 
smooth  branches  and  leaves,  known  locally 
as  “ Kyat-poung-hpo.”  This  is  stated  by 
Strettell  to  be  a troublesome  weed  in  the  teak 
forests  of  Burmah,  but  yields  caoutchouc  of 
excellent  quality.  The  plant  is  cultivated  to 
some  extent  for  the  sake  of  its  fruit,  which  finds 
a market  as  a substitute  for  tamarinds.  It  has 
been  under  experimental  cultivation  in  Madras 
but  it  was  found  to  be  slow  of  growth,  and  not 
regarded  as  of  much  promise  as  a rubber 
producer. 

Penang  and  Singapore  Rubber. 

Possibly  the  best  rubber  plant  of  the  Malay 
peninsula  is  Willughbeia  firtua,  Bl.,  known 
as  “ Gegrip  hitam  ” and  “ Gegrip  besi,”  a 
large  climber  with  black  bark,  hence  its  name. 
According  to  Murton,  quoted  in  “ Kew  Report,” 
1880,  p.  46,  the  rubber  agrees  “ very  closely 
in  texture,  appearance  and  mode  of  prepara- 
tion with  the  ‘ ‘ gutta-susu  ’ ’ of  Borneo.  It  is  the 
produce  of  a large  woody  climber  with  stems 
about  six  or  eight  inches  in  diameter,  of  which 
there  are  two  varieties,  one  with  outer  bark  very 
dark,  with  lighter  coloured  warts  and  inner 
bark  red,  the  other  has  the  outer  bark  light  cork 
coloured,  and  with  longitudinal  channels,  and 
the  inner  bark  light  yellow.  Both  yield  edible 
fruits,  of  which  the  Malays  are  very  fond,  that 
of  one  being  pomiform  and  the  other  pyri- 
form. The  foliage  of  both  is  very  much  alike. 
The  gutta  from  the  dark  barked  variety  is 
considered  the  best.” 


Mr.  Murton  thus  describes  the  mode  of  col- 
lection 

“ The  stem  is  ringed  at  intei^  als  of  10  to  I2  inches, 
and  the  milk  allowed  to  run  into  vessels  made  of  palm 
or  other  leaves,  cocoanut  shells,  or  anything  available 
for  the  purpose ; it  continues  to  flow  for  some  time, 
but  after  flowing  for  ten  minutes  it  becomes  wateiy 
and  thin.  One  jdant  will  )ield  from  five  to  ten 
catties  of  the  coagulated  caoutchouc.  When  raw  it 
has  the  appearance  of  sour  milk,  and  to  coagulate  it 
the  natives  add  salt  or  salt  water;  when  freshly 
coagulated  it  is  quite  white,  which  gradually  changes 
to  a darker  colour.  It  keeps  white  inside,  and  on 
cutting,  it  presents  a foveated  apjiearance,  the  cells 
containing  water  and  salt,  which  have  become  enclosed 
during  coagulation.  In  texture  it  is  soft,  veiy  sjiongy, 
and  very  wet.” 

Willughbeia  Jlavescens  is  mentioned  in  the 
“Kew  Report,”  1880,  p.  47,  under  the  name 
of  Chilocarpus  Jlavescetis , as  a rubber  plant  of 
the  Malay  peninsula.  Mr.  Murton  sent  speci- 
mens to  Kew,  together  with  the  wood  and 
gutta  prepared  in  the  usual  way.  On  the 
latter,  Messrs.  Silver  reported,  “the  quality  of 
this  rubber  is  very  fair,  and  it  would  be  useful 
in  our  manufacture.  The  present  value  (in 
1879)  is  about  IS.  3d.  per  lb.” 

W.  coriacea,  a lofty  jungle  climber,  known 
in  Malacca  as  “ Gutta  Menjawa,”  and 
Melodinus  orientalis  yield  rubber  that  sets 
very  slowly.  It  is  used  only  for  mixing  with 
other  rubbers. 

Leuconotis  eugen  if  alius  is  a milky  ever- 
green shrub,  with  a smooth  bark,  found  at 
Penang  in  the  Malay  peninsula,  and  extending 
to  Sumatra  and  Borneo.  The  leaves  are  dark 
brown  above,  “ paler  beneath,  yellow  brown 
and  minutely  dotted,  and  with  strong  horizon- 
tal nerves.”  The  fruit  is  described  as  “the 
size  of  a gooseberry.”  This  plant  probably 
yields  some  of  the  rubber  from  the  Straits 
Settlements,  and  where  it  is  known,  according 
to  Mr.  Ridley,  as  “ Gegrip  Sundik.” 

Judging  by  the  character  of  Malay  rubber, 
as  received  in  this  country,  there  is  little  doubt 
that  some  of  it  is  obtained  from  Ficus  elastica. 
The  commercial  article  is  known  locally  as 
“ Gutta  Rambong.”  The  tree  is  apparently 
found  in  the  interior  forests  in  districts  visited 
only  by  the  natives. 

A tree  known  as  “ Gutta  telutong,”  is  pro- 
bably Dyer  a costulata,  with  stout  branches, 
hard,  shining,  leathery  leaves  and  follicles, 
about  a foot  long,  covered  with  rusty  scales. 
The  milky  juice  is  said  to  be  used  to  mix  with 
that  obtained  from  the  species  of  Willugbeia 
already  mentioned.  D.  Maitigayi,  also  known 


79° 


JOURNAL  OF  THE  SOCIETl'  OF  ARTS. 


\_Ans^usi  ig,  1898. 


as  “ Gutta  telutong  ” yields  an  inferior  india- 
rubber,  while  Artocarpus  Kunstleri,  “ Gutta 
Terap  ” produces  a kind  of  rubber  (or  rather  a 
bird-lime)  used  only  for  catching  birds. 

Singapore  has  for  a long  period  acted  as  the 
ent7'epot  for  rubbers  from  all  parts  of  the 
Malay  archipelago  from  the  Malay  peninsula, 
Sumatra,  Java,  Manila,  Borneo,  and  possibly 
New  Guinea.  The  quantity  shipped  to  Europe 
has  varied  considerably.  During  the  year 
1896  the  rubbers  received  from  the  Straits 
Settlements  (Penang  and  Singapore)  into  the 
United  Kingdom  amounted  to  830  tons,  of  the 
value  of  1 17,155. 

According  to  Mr.  Curtis  ‘‘what  is  sold  in 
London  and  elsewhere  as  Penang  rubber  comes 
from  Sumatra  and  Perak,  the  greater  proportion 
being  from  the  former  country.  A portion  of 
the  ‘ Gutta  Rambong  ’ that  comes  from  Sum- 
atra is  from  cultivated  trees,  but  the  Perak 
portion  is  entirely  from  wild  trees  in  the 
interior.  In  my  journeys  in  Perak  I have  never 
come  across  a tree,  so  that  I do  not  think  it 
occurs  anywhere  near  the  coast.  The  people 
here  who  buy  the  rubber  at  first  hand  are  the 
Chinese,  who  either  sell  to  the  principal  Euro- 
pean merchants,  or  hand  it  over  to  them  to  sell 
in  London  on  their  account.  As  soon  as  it 
arrives  in  Penang  it  is  stored  in  huge  wooden 
vats,  filled  with  water,  and  kept  there  until 
there  is  an  opportunity  of  shipping  it.  It 
absorbs  water  to  the  extent  of  about  20  per 
cent,  of  its  weight.” 

The  exports  for  last  year  from  Penang  were, 
“Gutta  Rambong”  {Ficus  elastica)  4,650 
piculs;  “ Gutta-susu  ” {Willughbeia)  830 
piculs. 

Sumatra  and  Java  Rubber. 

In  the  learned  “ Monograph  of  the  Species  of 
Eicus,”  by  Sir  George  King,  vol.  i.,  p.  45,  he 
describes  Ficus  elastica  as  a large  tree,  usually 
epiphytic.  In  regard  to  its  occurrence  in  java 
he  supplies  the  following  interesting  infor- 
mation : — 

“ This  species  was  originally  named  elastica  by 
Roxburgh,  and  plants  under  this  name  were  sent  to 
Java,  where  however  the  plant  is  indigenous,  and  is 
known  to  the  natives  as  Karet — a name  subsequently 
utilised  as  a specific  name  by  Miquel.  Blume  pub- 
lished a description  of  the  plant,  under  Roxburgh’s 
name  in  his  “Bijdragen,”  which  appeared  seven 
years  before  Roxburgh’s  “Flora  Indica”  was  pub- 
lished; the  death  of  this  able  botanist  having  caused 
the  publication  of  his  “Flora  Indica  ” to  be  delayed 
until  1832.” 

A sample  of  rubber  in  the  Kew  Museum, 


marked  “ Getah  Karet,”  from.  Sumatra,  is 
very  similar  in  appearance  to  Assam  rubber  ; 
so  also  is  a sample  marked  “Getah  Achin,” 
sent  by  Wilson,  presumably  obtained  from 
north-west  Sumatra.  The  inference  is  that 
these  rubbers,  as  well  as  a similar  substance 
obtained  from  Java,  with  a firm  texture,  mottled 
appearance,  and  bright,  polished  surface,  are 
obtained  from  Ficus  elastica.  De  Viij 
states  that  this  tree  is  known  in  Java  as 
“ Pohon  Karet.”  According  to  Collins,  the 
natives  incise  the  tree  and  allow  the  milk  to 
dry  in  situ.  The  strings  thus  obtained  are 
made  into  a rope-like  torch,  and  used  in 
searching  for  edible  birds’  nests.  The  quantity 
of  rubber  obtained  from  these  sources  is 
evidently  very  small.  Very  little  comes  direct 
to  this  country. 

That  Ficus  elastica  yields  the  “ Karet” 
rubber  of  West  Java  is  confirmed  by  the  high 
authority  of  Dr.  Treub,  who  adds,  “it  is 
possible  that  in  some  parts  of  the  island  other 
species  of  Ficus  are  also  tapped  for  rubber.” 
An  investigation  of  the  rubber  plants  of  the 
Malay  archipelago  will  probably  be  under- 
taken shortly,  at  the  instance  of  the  Govern- 
ment of  the  Dutch  East  Indies,  by  Dr.  von 
Romburgh. 

The  exports  of  india-rubber  from  Oleh-leh 
(Sumatra)  during  1882  reached  1,710  lbs., 
and  according  to  Mr.  Consul  Kennedy’s  report, 
dated  February  9th,  1883,  they  were  chiefly 
from  the  north  and  west  coasts,  and  it  is 
evident  that  the  high  prices  for  this  article 
prevailing  in  Europe  have  somewhat  stimulated 
the  search  for  it  in  Sumatra. 

The  following  were  the  exports  of  rubber 
from  Padang  and  Sumatra  during  the  years 
named:— 1885,  631  piculs;  1886,  4 piculs; 
1887,  104  piculs;  1888,  1,086  piculs;  1889, 
455  piculs;  1890  (exports  to  the  United  States 
only),  422  piculs. 

A later  report  (1897)  states: — “Numerous 
india-rubber  trees  are  growing  on  the  east 
coast  of  Sumatra  in  a wild  state,  and  the 
natives  have  collected  large  quantities  of 
rubber,  to  the  great  damage  of  the  rubber- 
tree,  which  have  become  debilitated  and,  in 
some  cases,  extinct.  Within  the  past  few 
years  w'ealthy  Holland  companies  have  created 
rubber  plantations,  and  in  the  Kassan  district 
a not  unimportant  market  in -Sumatra  rubber 
may  be  expected  in  the  near  future.” 

An  interesting  experiment  in  the  cultivation 
of  the  Karet  tree  {Ficus  elastica)  as  a source 
of  india-rubber  was  started  in  the  province  of 
Kranog  in  Java  in  1872.  The  first  notice  of 
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this  was  i»-iven  in  the  “ Tijdschrift  van  Nijver- 
heid  en  Landbpuw,”  published  at  Hatavia  in 
1885.  Recently,  May,  1898,  A.  H.  Berkhout 
(late  Conservator  of  Forest  in  Java),  contributed 
the  following  results,  to  the  end  of  1895,  to  the 
“Indian  Forester,”  vol.  xxiv.,  pp.  1 60-161.  : — 
“A  former  proprietor  of  the  Pamanockan  Tjiassan 
Estate  which  is  the  largest  private  jiroperty  in  Java, 
containing  540,000  Dutch  acres,  had  most  of  his  land 
under  coffee  until  1872.  Finding  the  cultivation  of 
this  plant  was  no  longer  lucrative,  he  planted  some  of 
the  land  up  with  Fici/s  elastica.  The  coffee 
])lantations  had  already  been  more  or  less  cleared  of 
forest  growth,  so  that  the  planting  of  Ficus  elastica 
cost  less  than  thirty  shillings  per  acre.  The  soil  of 
these  coffee  gardens  had  become  useless  for  other 
agricultural  purposes ; and  had  not  Ficus  elastica 
(Karet)been  planted  in  time,  would  only  have  become 
covered  with  poor  forest  growth.  The  trees  were 
planted  8J  yards  apart,  or  72  trees  to  the  acre.  The 
area  planted  was  72^  acres,  containing  5,200  stems. 
The  trees  were  first  tapped  when  the  plantation  was 
14  years  old,  and  the  yield  for  that  and  the  six 
following  years  was  : — 


Average  oz.  Value. 

Year.  lb.  per  stem.  £ 

1886  5^512  17  600 

1887  4.954  >5  540 

1888  F5H  4 165 

1890  3,307  10  360 

1891  6,113  18  387 

1892  5,992  18  256 

1895 3,197  10  41 1 


Total....  30,589  Average  per  2,719 
year  per  stem 
6 oz. 

72^  acres  thus,  it  is  said,  yielded  in  seven  years  a 
supply  of  ^{,2,719,  or  per  acre  per  annum  8s.  The 
yield  was  7 1 lbs.  per  acre  per  annum  during  this  period. 
During  the  23  years  from  the  establishment  of  the 
plantation  in  1872  till  1895  the  net  yield  per  acre  per 
annum  amounted  to  £\.  12s.  lod. 

It  will  be  noticed  that  the  largest  yield  of 
rubber  was  obtained  when  the  trees  were  first 
tapped  at  14  years  old  in  1886.  Since  then  the 
net  returns  have  fluctuated,  in  some  years  very 
considerably,  but  on  the  whole  they  must  be 
regarded  as  distinctly  encouraging.  Once  the 
trees  are  established  the  only  expense  is  the 
cost  of  tapping  and  collecting  the  rubber.  In 
the  case  of  Ficus  elastica  the  rubber  coagulates 
on  the  trees  without  preparation.  It  is  to  be 
observed  that  if  Para  rubber  or  Castilloa 
elastica  trees  had  been  planted  on  favourable 
situations  in  the  same  province  the  results 
might  have  been  still  more  satisfactory. 

Philippine  Islands. 

So  far  it  would  appear  that  little  or  no 
rubber  comes  from  the  Philippine  Islands. 


Chapel  mentions  a creeper  called  “ Bolo,”  as 
a rubber-yielding  plant,  but  Mr.  Kolfe  who  has 
studied  the  Philippine  flora  is  unable  to  trace 
this  plant.  J'here  is  also  mention  of  the 
“ Balete,”  Ficus  indica.  Of  plants  belonging 
to  the  natural  order  Apocynacex*  there  are  16 
genera  represented  in  the  group,  and  amongst 
them  are  Alslouia  77wcrop/iylla , A . scholar  is, 
and  Farameria  philippinensis.  J here  i.s, 
however,  no  indication  that  any  of  these  pro- 
duce rubber. 

Cochin  Chin.x. 

Some  of  the  climbing  plants  mentioned  a.s 
yielding  rubber  in  the  Malay  peninsula  extend 
to  the  eastward  to  Siam,  Cambodia,  and 
Cochin  China.  One  of  the  most  prominent 
of  these,  the  plant  known  in  Burma  as  “Talinc- 
no-thee,”  is  Farameria  glandulifera.  This 
plant,  prominently  mentioned  some  years  ago, 
has  a wide  distribution  in  the  Eastern  tropics. 
It  is  found  at  Martaban  in  British  Burma,  on 
the  borders  of  tidal  forests,  in  Malacca  and 
Singapore,  the  Andaman  Islands,  Java,  Borneo, 
Philippine  Islands,  and  Cambodia  in  Lower 
Cochin  China.  It  is  a stout  climber,  with 
smooth  leaves  and  a large  panicle  of  small 
sub-campanulate  flowers.  The  follicles  (fruit) 
resemble  those  of  Urceola. 

According  to  M.  Pierre  (who  first  drew 
attention  to  the  economic  value  of  the  plant 
in  Saigon),  the  method  of  extracting  the 
caoutchouc  is  exceedingly'’  simple.  The  milk 
obtained  either  from  incisions  or  by’  cutting  the 
stem  into  short  lengths  is  poured  into  a basin 
filled  with  water  at  a temperature  of  i04°-i22° 
Fahr.  On  agitating  the  mixture  with  a stick, 
the  milk  immediately  coagulates  into  a pure 
caoutchouc  of  excellent  quality’.  The  plant 
may  be  propagated  by  cuttings  with  great 
facility.  Dr.  Trimen,  in  1884,  supplied  the 
following  further  information  on  the  subject : — 

“The  attention  of  the  Indian  Government  was 
called  to  this  rubber  jdant  in  1883  by  the  Deputy- 
Commissioner  of  Mergui,  British  Burma,  the  ‘ Talaing 
Milk  Creeper  ’ of  that  district,  according  to  Dr. 
King’s  identification  of  very  inadequate  sjiecimens, 
being  the  same  species.  The  reports  as  to  its  yield 
there  are  somewhat  conflicting : the  Deputy-Com- 
missioner states  that  he  obtained  about  half  pound  of 
rubber  from  a piece  of  stem  80  feet  long  and  8^  inches 
circumference  by  extracting  all  its  juice,  but,  according 
to  the  Director  of  Agriculture  of  British  Burma,  this  is 
not  a fair  estimate,  as  ‘ a bottle  full  of  the  milk  ’ was 
obtained  from  ‘ a few  feet  of  the  creeper.’  Dr. 
Romanis,  chemical  examiner,  states  that  ‘ one  pint  of 
juice  yielded  130  oz.  of  caoutchouc,’  which  appears  a 
very  high  proportion.  The  specimen  of  rubber  re- 
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ceived  by  Dr.  King  he  describes  as  ‘ externally  con- 
siderably discoloured  and  almost  black  from  being 
partially  oxidised.  When  cut  into  it  is  white  and 
porous,  presenting  a honeycombed  appearance,  the 
spaces  containing  a dirty-brown  wateiy  fluid.  It  is 
tough  and  elastic,  and  appears  to  be  of  excellent 
quality.’  ” 

China. 

In  a Foreign-office  Report  on  the  trade  of 
Tamsui  (Formosa),  for  the  year  1890,  Mr. 
Consul  Holland  states  : — 

“ I have  great  hopes  that  there  may  be  a new  open- 
ing for  British  trade  in  connection  with  india-rubber, 
as  there  seems  to  be  no  doubt  that  the  tree  exists 
here,  though  no  one  knows  much  about  it.  I am  in 
communication  with  an  English  expert  on  the  sub- 
ject, who  I hope  will  either  come  himself,  or  send  a 
skilled  e7uploye  to  show  the  ratives  how  to  tap  the 
trees.” 

Nothing  appears  to  have  resulted  from  this 
action.  Probably  some  species  of  Ficus  exist 
in  the  tropical  parts  of  China,  but  the  only 
plant  of  which  we  have  actual  information  as 
containing  rubber  is  the  following.* 

Tu-chung  {Euco7nmia  ulmoidcs)  is  a native 
of  Central  China,  where  according  to  Dr. 
Henry  it  is  cultivated  in  the  districts  of  Chang- 
yang  and  Patung  in  Hupeh,  N.  lat.  35°.  It 
is  also,  according  to  Farges,  cultivated  in 
about  the  same  latitude  in  Eastern  Sze-chuen 
in  the  district  of  Tchen-keou-tin.  As  Professor 
Oliver  points  out,  a singular  feature  about  this 
plant  is  the  extraordinary  abundance  of  an 
elastic  gum  in  all  the  younger  tissues,  espe- 
cially in  the  bark,  the  leaves,  and  petioles. 
Any  of  these  snapped  across  when  dry,  and 
the  parts  drawn  asunder,  exhibit  the  silvery 
sheen  of  innumerable  threads  of  this  gum. 
The  bark  itself,  to  which,  according  to  Dr. 
Henry,  tonic,  invigorating,  and  anthritic  pro- 
perties are  ascribed,  is  a most  valued  medicine 
with  the  Chinese,  selling  at  4s.  to  8s.  per  lb. 
Further,  the  leaves  are  eaten  when  young,  and 
the  fruit  is  astringent. 

The  merits  of  the  Tu-chung  as  a caoutchouc- 
producing  plant  are  entirely  unknown.  It  is, 
however,  deserving  of  notice.  It  would  be 
likely  to  thrive  in  semi-tropical  countries,  such 
as  Algeria  and  Florida,  and  in  the  mountainous 
parts  of  Southern  India  and  the  West  Indies. 
It  might  also  survive  the  winters  of  Southern 
Europe. 

Borneo  Rubber. 

The  earliest  notice  of  Borneo  rubber  is  said 

* .See  Oliver  in  Hooker’s  “leones  Plantarum  ” tt.  1950 
and  2361;  Weiss  in  “Transactions  Linnean  Society” 
(Botanj'),  vol.  iii.  [2],  pp.  243-253,  tt.  Ivii.  and  Iviii. 


to  date  from  1798.  It  was  not  until  about  forty 
years  ago  that  it  first  was  known  in  English 
commerce.  It  was  at  first  called  “ Gutta 
Susu,”  the  Malay  name  for  milk-gum.  Sir 
Hugh  Low  (“Sarawak,”  1848,  p.  52)  referred 
to  Borneo  rubber  as  follows  ; — “ The  natives  of 
Borneo  use  it  to  cover  the  sticks  with  which 
they  beat  their  gongs  and  other  instruments. 
The  fruit,  which  is  large  and  of  a fine  apricot 
colour,  contains  ten  or  twelve  seeds  enveloped 
in  a rich  reddish  pulp,  and  though  a jungle 
plant,  is  one  of  the  most  grateful  fruits  of  the 
country  to  the  European  palate.”  This  fruit 
was  doubtless  that  of  a species  of  Willughbeia , 
not  of  a Urceola. 

In  Hooker’s  “Journal  of  Botany,”  v.  p.  158, 
the  following  further  information  is  given  : — 
“ This  gum,  the  produce  of  creepers  known  in 
North-west  Borneo  under  the  names  of  ‘ Sera- 
pit,’  ‘ Petaboo,’  and  ‘Menungan,’  is  the 
milk-like  sap  of  these  creepers,  which,  by  the 
addition  of  a little  salt  water,  takes  the  consist- 
ency and  all  the  peculiarities  of  india-rubber, 
being  at  first  snow  white,  but  by  exposure  to 
the  air  changing  slowly  to  a dirty  yellow,  and 
afterwards  to  a brown  colour.  The  ‘ Serapit  ’ 
produces  the  most  common,  the  ‘ Petaboo  ’ 
the  best,  and  the  ‘ Menungan  ’ the  greatest 
amount  of  sap.  The  gum  obtained  in  this  way 
contains  water,  enclosed  in  small  cavities, 
formed  by  the  celerity  with  which  the  sap 
hardens,  preventing  thereby  the  salt  water  and, 
perhaps,  the  watery  part  of  the  sap  from  find- 
ing an  issue.” 

In  the  British  North  Borneo  Handbook  (1890, 
p.  78)  it  is  stated  : — “ India-rubber  is  the  sap 
of  a creeper  of  the  genus  Willughbeia , which 
attains  some  three  or  four  inches  in  diameter. 
It  occurs  very  generally  all  over  the  country, 
but  is  not  particularly  plentiful  in  any  one 
district.  It  grows  under  natural  forest  shade 
and  requires  only  about  four  years  to  come  to 
maturity.  From  the  almost  complete  absence 
of  expense  attending  its  cultivation  it  might 
well  receive  systematic  attention  both  from 
Europeans  and  natives  ; the  latter  have  already 
made  some  progress  in  this  direction.  In  four 
or  five  years’  time  every  creeper  should  give 
two  or  three  dollars  worth  of  ‘ Gutta  susu.’  The 
price  usually  obtained  by  collectors  is  from 
30  dollars  to  40  dollars  per  picul.” 

An  investigation  of  the  rubber  - yielding 
plants  of  Borneo,  based  on  the  collections  made 
by  the  late  Mr.  H.  J.  Murton,  of  Singapore, 
Mr.  F.  W.  Burbidge,  F.L.S.,  who  travelled  in 
Borneo  in  1878,  and  Mr.  W.  H.  Treacher, 
C.M.G.,  the  Colonial  Secretary  of  Labuan, 
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was  made  by  Mr.  W.  T.  Thiselton  Dyer, 
C.M.G.,  F.R.S.,  in  1880.  The  most  authentic 
information  on  the  subject  was  published  by 
Mr.  Treacher  in  the  “ Journal  ” of  the  Straits 
Branch  of  the  Royal  Asiatic  Society  for  July, 
1879  (p.  58).  There  are  there  enumerated  no 
less  than  eight  rubber-yielding  plants.  Those 
yielding  good  qualities  of  “ Gutta-lechak  ” or 
“ Gutta-susu  ’ ’ are  four  in  number,  as  follows : — 

1.  “ Manungan  pulau”  (Manungan  proper). 

2.  “ Manungan  bujok.” 

3.  “Manungan  manga”  (light  coloured 
bark). 

4.  “Manungan  manga”  (dark  coloured 
bark). 

Mr.  Treacher  remarks  that  the  different 
plants  are  accurately  distinguished  by  native 
collectors.  All  the  species  enumerated  above 
have  axillary,  not  terminal,  flowers,  and,  as 
mentioned  by  Sir  Hugh  Low,  the  fruit  is 
edible.  They  differ  in  the  shape  of  the  leaves 
and  fruit,  and  in  the  corrugations  of  the  bark. 
Mr.  Thiselton  Dyer  was  disposed  to  refer  them 
all  to  the  nearly  related  genera  IVi'l/nghbeia 
and  Leuco7iotis,  which  in  Malaya  represent 
the  allied  Landolphia  of  tropical  Africa,  with 
the  same  tall,  climbing  habit,  and  woody 
cable-like  stems. 

1.  “ Manungan  pulau  ” has  been  identified 
as  Willughbeia  Jrma,  already  mentioned  as 
yielding  some  of  the  best  rubber  in  the  Malay 
peninsula  and  Sumatra.  This  is  a jungle 
climber  with  stout  branches,  obtusely  angled, 
and  a smooth  bark  ; leaves  variable,  very 
coriaceous,  with  a stout  midrib  beneath  ; 
flowers  small,  J inch  long,  in  very  compact 
cymes  ; fruit  as  large  as,  and  the  form  of,  a 
good  sized  pear,  4 inches  long,  orange  yellow  ; 
seeds  i inch  long. 

2.  “Manungan  bujok,”  with  egg-shaped 
fruit,  may  be  Leuconotis  eugenifolius.  Ac- 
cording to  Mr.  Burbidge,  “ this  yields  the  best 
gutta  of  the  Bornean  woods.” 

3.  ‘‘  Manungan  manga,”  with  a light  corky 
bark  and  round  fruits,  rarely  exceeding  two 
inches  in  diameter,  may  be  a Willughbeia. 
Its  corky  bark  and  small  fruit  distinguish  it 
from  other  Bornean  caoutchouc-yielding  plants, 
but  it  is  said  “ to  yield  very  good  gutta.” 
According  to  the  “ Kew  Report  ” (1880,  p.  45), 
■the  information  received  at  Kew  disposed  of  a 
•rather  serious  blunder  which  has  crept  into 
•most  books  on  economic  botany.  Collins,  in 

I 1872  (“  Caoutchouc,”  p.  24),  identified  Bornean 
rubber  known  as  “ Gutta-susu  ” as  the  produce 
•of  Urceola  elastica.  .This  was  incorrect. 

I -Urceola  elastica,  instead  of  having  a large, 


sound,  edible,  apricot-coloured  fruit  as  first 
described,  has  dry  elongated  pods.  'J'he  error 
made  by  Collins  is  followed  in  the  article  on 
india-rubber  in  the  “ Lncyclopaidia  Britannica” 
(9th  ed.),  xii.  p.  839,  where  it  is  stated  “ the 
plant  which  yields  Borneo  rubber  was  identified 
by  Roxburgh  as  Urceola  elastica,  Roxb.,  an 
Apocynaceous  climbing  plant  with  a trunk  as 
thick  as  a man’s  body  and  having  a soft,  thick 
bark.”  Dr.  Stapf,  the  Assistant  for  India  in 
the  Kew  Herbarium,  writes: — “There  is  no 
evidence  that  Urceola  elastica  has  been  found 
in  a wild  state  in  Borneo,  nor  can  I find  a 
passage  in  Roxburgh’s  publications  referring 
to  the  occurrence  of  Urceola  elastica  in  that 
island.”  It  is  evident,  therefore,  according 
to  the  most  recent  information,  that  none  of  the 
Bornean  rubber  is  derived  from  this  plant.  All 
the  information  available  points  to  the  conclu- 
sion that  the  plants  are  species  of  JUillughbeia 
and  Leuconotis. 

“ Borneo  rubber  comes  into  the  English 
market  in  the  form  of  balls  or  shapeless 
masses  internally  of  a white  or  pinkish  colour 
and  very  porous  and  spongy,  the  pores  being 
filled  (as  described  above)  with  salt  water, 
in  consequence  of  which  it  often  loses  20 
to  50  per  cent,  of  its  weight  in  diying. 
....  The  rubber  is  obtained  by  cutting  the 
plant  into  pieces  varying  from  a few  inches  to 
two  or  three  feet  long,  and  allowing  the  juice 
to  drain  into  bucket.5  or  jars,  heat  being  some- 
times applied  to  one  end  of  the  pieces  when 
the  juice  flows  slowly.”  The  milk  is  coagulated 
by  salt  water  prepared  from  the  ash  of  the 
leaves  of  the  Nipa  palm.  The  balls  of  rubber 
for  convenience  of  carrying  are  threaded  on  a 
strip  of  rattan.  The  exports  in  1885  were 
116,480  lbs.,  of  the  value  of  ^5,827;  in 
1886,  147,840  lbs.  of  the  value  of  /7,355- 
Last  year  (1897)  they  were  768,320  lbs.,  of 
the  value  of  about  £go,ooo.  The  price  (in 
July,  1898)  was  IS.  4d.  to  2s.  2d.  per  lb. 
A peculiar  rubber  stripped  from  Pontianac  on 
the  equator  in  West  Borneo,  is  a soft  white 
inert  substance,  almost  devoid  of  elasticity  and 
evidently  now  used  only  to  a small  extent.  The 
imports  in  1895  were  306,880  lbs.,  in  1896 
they  had  fallen  to  40,320,  while  in  1897  they 
were  only  11,220  lbs. 

New  Guinea  Rubber. 

This  is  one  of  the  latest  additions  to  the  list 
of  Asiatic  rubbers.  The  plants,  so  far,  appear 
not  to  have  been  determined.  Sir  William 
Macgregor,  in  a recent  report  on  the  products 
of  British  New  Guinea,  speaks  of  rubber  from 
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that  dependency  as  follows: — “Taking  into 
consideration  the  fact  that  this  product  is 
obtained  from  several  indigenous  trees  and 
plants,  that  it  exists  over  a great  area,  and 
that  there  is  a large  extent  of  country  eminently 
suitable  for  the  cultivation  of  rubber  trees,  it 
seems  very  probable  that  this  may  eventually 
become  the  principal  export  from  the  pos- 
session.” 

In  a report  issued  by  the  Colonial-office 
(No.  8,  1897),  the  British  Resident  in  the 
Solomon  Islands  mentions  that  “ one  of  the 
Aola  traders  who  had  just  returned  from  British 
New  Guinea,  had  shown  him  some  samples  of 
rubber  now  being  procured  there  by  the  natives. 
The  man  stated  that  he  had  seen  the  same  tree 
as  that  from  which  the  samples  were  produced 
growing  in  the  Solomon  Islands,  and  from  his 
description  it  appeared  to  be  a species  of 
Ficus.  The  natives  of  New  Guinea,  according 
to  this  trader,  allowed  the  sap  to  run  over  their 
arms  and  body,  and  when  it  was  sufficiently 
hardened  they  removed  it  and  rolled  it  up  into 
lumps.  The  lumps  were  rather  larger  than 
a cricket  ball.  The  rubber  was  said  to  be 
worth  to  the  New  Guinea  traders  2s.  6d.  to  3s. 
per  lb.” 

It  is  elsewhere  stated  that  both  trees  and 
vines  yield  rubber  in  British  New  Guinea.  The 
exports  in  1896-97  were  estimated  at  67,ooolbs., 
of  the  value  of  ^7,000.  The  price  quoted  in 
London  (July  i,  1898)  was  2s.  8d.  to  2s.  lofd. 
per  lb. 

Fiji  Rubber. 

There  are  one  or  two  promising  india-rubber 
plants  in  the  Fiji  Islands,  but  the  natives  are 
evidently  not  enterprising  enough  at  present 
to  thoroughly  utilise  them*.  Mr.  John  Horne, 
F.L.S.,  late  Director  of  the  Botanic  Gardens 
at  Mauritius,  has  given  (“Year  in  Fiji,” 
London:  Stanford,  1881)  the  most  connected 
account  of  the  rubber  plants  of  this  group ^ 
Taber  ncB?nontana  Thursioni  (named  in 

honour  of  the  late  governor)  is  spoken  of  as 
“ decidedly  our  best  rubber  plant.”  The  tree 
grows  to  a large  size,  up  to  18  inches  or  2 feet  in 
diameter.  It  is  found  scattered  in  the  forest, 
on  both  hills  and  valleys,  but  is  not  gregarious. 
According  to  the  Kew  Bulletin,  1889,  pp. 
164-166,  a specimen  of  rubber  from  this  tree, 
recently  received  from  Fiji,  was  hard  and 
gutta-like,  and  without  elasticity,  probably  due 
to  defective  preparation. 

Another  plant,  mentioned  by  Mr.  Horne,  is 
Alstonia  ^lumosa.  Of  this  there  is  a hairy 
form,  with  smaller  leaves  {A.  villosa,  See- 


mann).  The  large-leaved  plant  is  known 
locally  as  “ Drega  quruquru.”  To  obtain  the 
juice,  the  Fijians  break  off  the  leaves  from  the 
branches,  and  collect  it  in  their  mouths  ; this 
makes  the  caoutchouc  as  adhesive  as  glue, 
and  of  about  the  consistency  and  colour  of 
I putty.  The  branches  are  next  removed,  and 
I each  is  broken  into  pieces  from  6 to  10  inches 
I long.  Mr.  Horne  continues  : — ■ 

“As  fast  as  the  pieces  are  broken,  first  one  end  of 
them  is  placed  in  the  mouth,  then  the  other,  till  the 
mouth  is  full  of  crude  caoutchouc.  Several  mouthfuls 
are  collected  together  and  squeezed  into  a round  mass 
or  ball.  This  method  of  collecting  the  juice,  with 
the  ruthless  manner  of  breaking  the  trees,  somewhat 
surprised  me  when  I first  saw  it  done.  Since  then 
repeated  trials  in  all  parts  of  Fiji  have  convinced  me 
that  the  sap  or  juice  does  not  flow  freely  by  wounding 
the  bark  on  the  trunk  of  the  tree  in  any  way  whatever. 
This  is  the  reason  for  breaking  the  branches.  The 
youngest  branches  of  the  tree  contain  most  juice. 
When  the  old  or  firm-wooded  branches  are  broken 
very'  little  sap  flows  from  them.  When  the  young 
branches  are  broken  the  sap  flows  rapidly  for  a few 
seconds.  It  soon  coagulates  when  exposed  to  the 
air,  and  the  wound  has  to  be  freshened  to  cause  the 
sap  to  flow  anew.  When  the  branches  are  broken 
into  pieces  of  about  a foot  in  length  the  juice  flows 
from  the  ends,  and  the  pieces  are  drained  almost 
entirely.  A little  more  may  be  obtained  by  breaking 
the  pieces  in  the  middle,  but  very  little.  The  juice 
flows  from  between  the  bark  and  the  wood,  and  from 
the  pith,  or  from  between  the  pith  and  the  wood. 

“The  coagulated  juice  would  seem  to  have  some 
attraction  for  the  juice  in  a semi-liquid  condition.  If 
a portion  of  the  coagulated  juice  be  applied  to  the 
semi-liquid  juice  adhering  to  the  ends  of  a broken 
branch,  the  slightest  touch  makes  them  join  firmly. 
The  adhesion  is  so  perfect  that  the  portions  will  not  be 
separated,  and  a slight  pull  takes  the  semi-coagulated 
juice  clean  out  of  the  many  fissures  or  cracks  in  the 
ends  of  the  broken  branch.  To  obtain  crude  caout- 
chouc from  this  tree  the  juice  has  simply  to  be 
collected  and  worked  with  the  fingers.  It  requires  no 
other  preparation.  The  juice  congeals  so  rapidly  that 
when  collected  in  dry  weather  it  requires  little,  if  any, 
drying.  The  caoutchouc  may  be  sent  to  market  in 
balls,  or  it  may  be  pressed  in  moulds  into  long  thin 
pieces,  one  or  two  inches  broad  and  an  inch  in  thick- 
ness (more  or  less),  as  may  be  required.  Samples  of 
it  have  been  sent  to  England,  and  the  quality  was 
highly  valued.” 

Alstonia plumosa  is  known  in  Viti  Levu  as 
“ Sarua.”  It  is  described  as  abounding  in  the 
forests,  and  if  carefully  treated,  might  prove  a 
useful  rubber-producing  plant.  Mr.  Joske,  the 
Commissioner  for  Colo  North,  states  “ the 
leaves  are  large  and  glossy : the  gum  is 
obtained  from  the  petiole  or  stalk.  As  soon 
as  the  leaf  is  broken  a thick  milky  juice 
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exudes,  which  when  exposed  to  the  heat  of  the 
sun  for  a little  while  congeals.  It  is  then 
detached  with  a bit  of  bamboo  or  knife  and  the 
different  particles  are  pressed  together  into 
balls.  That  is  the  way  it  is  produced  when 
required  as  an  article  of  commerce.” 

Of  plants  not  noticed  by  Mr.  Horne  there  is 
a tree  known  as  “ Baka  ” {Ficus  obliqua, 
Forst.  f.).  According  to  Mr.  Joske,  this 
“yields  quantities  of  rubber.”  Further,  “it 
is  used  by  the  natives  of  the  interior  as  birdlime 
with  which  at  certain  seasons  of  the  year  they 
catch  wild  pigeons  ; it  is  very  easily  procured. 
Incisions  are  made  in  the  bark  and  underneath 
are  placed  bamboos  which  receive  the  sap  as 
it  pours  out.  It  is  coagulated  by  means  of 

heat the  natives  say  they  could 

get  immense  quantities  of  this  without  much 
trouble.  Were  it  discovered  that  the  rubber 
was  of  commercial  value  it  would  prove  an 
estimable  boon  to  the  natives  of  these  islands.” 
Although  the  specimens  of  “ Baka  ” rubber 
received  at  Kew  had  not  been  sufficiently  coag- 
ulated, it  was  regarded  by  Messrs.  Hecht, 
Levis,  and  Kahn  as  suitable  for  mixing  pur- 
poses, and  its  value  (1898)  was  placed  at  is.  to 
IS.  3d.  per  lb. 

If  none  of  the  native  plants  can  be  turned  to 
account,  the  soil  and  climate  of  the  Fiji  Islands 
should  afford  favourable  conditions  for  the 
cultivation  of  either  Para  or  Central  American 
rubber.  On  lands  now  planted  with  bananas 
the  LTe  {Castilloa  elastica)  would  be  likely  to 
prove  a most  suitable  plant.  Seed  might  be 
obtained  from  Panama,  or  the  Pacific  slopes 
of  Mexico. 

CULTIV’ATION  OF  RUBBER  TREES. 

In  view  of  the  possible  falling  off  in  the 
supply  of  commercial  india-rubber,  it  has  often 
been  suggested  that  efforts  should  be  made  in 
the  countries  where  the  trees  are  found  wild,  to 
replant  exhausted  areas. 

In  the  State  of  Amazonas  in  Brazil,  the 
Government  has  endeavoured  to  regulate  the 
tapping  of  the  trees,  and,  at  the  same  time,  to 
j encourage  the  re-planting  in  districts  where 
I the  trees  are  becoming  scarcer.  So  far,  how- 
ever, little  has  been  really  accomplished.  It 
is  possible  that  such  efforts  will  be  revived  in 
I connection  with  the  rubber  companies  lately 
I started  in  Brazil  with  British  capital. 

' Plantations  of  Manihot  are  being  started  at 
Mt.  Alegre  in  the  State  of  Ceara. 

According  to  a Report  prepared  by  the 
American  Consul  in  1890,  “ practical  experi- 
ments with  the  cultivation  of  rubber  trees  have 


been  made  in  Mexico  by  various  intelligent 
persons  in  different  parts  of  the  country, 
notably  in  the  district  of  Soconusco,  the  State 
of  Chiapas,  and  the  State  of  Vera  Cruz.” 
'I'hese  experiments  are  said  to  have  shown  that 
the  “ industry  can  be  established  with  entire 
success.”  It  is  stated  that  160  acres  planted 
with  10,000  trees,  23  feet  apart,  in  the  sixth 
year  yielded  at  the  rate  of  2\  lbs.  per  tree, 
worth  %T,,g20.  At  the  end  of  the  sixth  year, 
after  paying  all  expenses,  the  net  profit  was 
estimated  to  be  §4,234  ; at  the  end  of  the 
seventh  year  it  was  estimated  at  $7,128,  and 
increasing  steadily  for  a number  of  years. 

The  Government  of  Nicaragua  has  issued  a 
decree  giving  a premium  of  10  cents  for  every 
rubber  tree  planted  where  the  number  does  not 
go  below  250  planted  by  any  one  person,  d'he 
decree  provides  that  the  trees  must  be  planted 
16  feet  apart. 

My  observations  in  British  Honduras  have  led 
me  to  the  conclusion  that,  planted  in  suitable 
localities  and  well  cultivated,  Castilloa  trees, 
used  as  shade  trees  for  coffee  and  fruit  trees, 
and  planted  40  feet  apart,  would  yield  a gross 
return  at  the  end  of  eight  or  ten  years  of  about 
per  tree,  or  at  the  rate  of  ^25  per  acre.  If,  on 
the  other  hand,  the  trees  are  established  by  them - 
I selves  in  regular  plantations  at  20  feet  apart, 

I the  gross  return  at  the  end  of  eight  or  ten  years 
i would  be  probably  double  the  above  amount. 

Near  Guayaquil,  in  Ecuador,  20,000  trees 
were  planted  in  1884.  The  yield  per  tree  was 
estimated  at  3 lbs.,  or  600  lbs.  per  acre.  At 
IS.  6d.  per  lb.,  this  would  give  a gross  return  of 
^45  per  acre. 

According  to  the  United  States  Consul  at 
Columbia  in  1890,  the  Panama  Plantation  Com- 
pany had  established  a small  plantation  near 
Colon  in  1889.  At  the  end  of  the  first  year 
only  5 per  cent,  were  lost  in  transplanting  out 
20,000  trees.  The  annual  cost  of  weeding, 
&c.,  was  placed  at  $2,000,  until  they  were  large 
enough  to  be  tapped.  The  annual  net  return 
per  acre  in  full  bearing  was  estimated  at  $150. 

African  7‘iihher  flants — As  already  stated 
the  climbing  habit  of  the  india-rubber  plants  of 
East  and  West  Africa  renders  them  unsuitable 
for  cultivation  in  regular  plantations.  A 
suggestion  has  been  made  to  coppice  them  and 
obtain  a yearly  crop  of  shoots,  but  nothing 
has  been  tried  in  this  direction.  They  should, 
however,  be  carefully  protected  in  their  present 
localities.  This  is  being  done  in  German  East 
Africa.  The  Administrators  there,  as  already 
mentioned,  have  divided  ‘ ‘ the  rubber-producing 
tracts  into  four  areas,  two  of  which  are  closed 
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for  three  years  at  a time  in  order  to  allow  the 
vines  to  grow.” 

It  is  very  desirable  that  other  parts  of  Africa 
should  be  treated  on  similar  lines.  In  con- 
cessions granted  in  British  possessions  it  is, 
I believe,  in  contemplation,  to  require  that  a 
certain  number  of  trees  should  be  planted  every 
year  in  order  to  maintain  the  productiveness  of 
the  forests  and  prevent  the  plant  from  being 
exterminated. 

In  the  case  of  the  rubber  trees,  such  as 
Kickxia,  the  cultivation  could  be  easily  under- 
taken, and  the  prospects  are  distinctly 
promising. 

Native  rubber  ;plants  of  Asia — These,  with 
the  exception  of  Ficus  elastica,  do  not  offer 
favourable  conditions  for  systematic  cultiva- 
tion. The  Assam  and  Java  rubber  trees  are 
being  cultivated  to  some  extent.  The  experi- 
ments conducted  by  the  Government  of  India 
are  the  most  interesting  of  any  in  this  part  of 
the  world,  and  deserve  to  be  followed  in  all 
localities  where  Ficus  elastica  is  indigenous. 

The  rubber  trees  that  offer  the  best  induce- 
ments for  being  regularly  cultivated  in  other 
than  their  native  countries,  arranged  in  the 
order  of  their  value,  from  a cultural  point  of 
view,  are  as  follows  : — 

1 . Para  rubber  {Hevea  brasilie7isis') . 

2.  Castilloa  or  Central  American  rubber 
trees  {^Castilloa  elastica). 

3.  Kickxia  africana. 

4.  Ceara  rubber  [Manihot  GLaziovii). 

Three  of  these  are  New  World  plants,  and 

one  only  {Kickxia)  belongs  to  the  Old  World. 

All  these  plants  are  readily  propagated 
from  seeds  and  cuttings.  These  are  available 
in  large  quantities  in  their  natural  habitat,  and 
the  plants  lend  themselves  readily  to  the 
exigencies  of  cultivation. 

Para  rubber  trees  require  a thoroughly  hot 
and  moist  climate,  and  a deep  rich  soil.  The 
mean  annual  temperature  should  be  about 
80°  Fahr.  It  is  not  necessary  that  the 
situation  should  be  swampy.  In  fact,  such 
situations  have  been  found  unsuitable  in 
C'eylon,  especially  for  young  plants. 

The  yield  in  Ceylon,  after  nearly  20  years’ 
experience,  has  been  estimated  as  follows: — 
“ If  the  cultivation  is  taken  up  in  favourable 
localities,  a yield  of  120  to  140  lbs.  of  rubber 
oer  acre  may  be  expected  after  the  tenth  year.” 
This  would  give  a return  of  say  20  per  cent,  on 
the  capital  invested. 

In  the  Straits  Settlements,  trees  six  years 
old,  yielded  on  an  average  10  ounces  of  dry 


rubber.  If  such  trees  were  planted  12  feet 
apart  (300  to  the  acre),  this  would  be  equiva- 
lent  to  a return  of  188  lbs.  per  acre,  or  of  more 
than  30  per  cent,  on  the  capital  invested. 
Possibly  12  feet  apart  may  be  too  close. 

Castilloa  trees  have  not  succeeded  on  a 
large  scale  so  far  in  any  part  of  the  Old  World. 
They  are,  however,  worthy  of  further  trial.  In 
some  parts  of  the  West  Indies,  especially  at 
Trinidad,  these  trees  are  regarded  as  most 
promising. 

Trees  at  seven  or  eight  years  are  expected  to 
yield  from  one  to  two  pounds  of  rubber.  The 
milk  flows  freely,  gives  25  per  cent,  of  its 
weight  in  pure  rubber,  is  readily  separable  by 
mechanical  treatment,  while  the  rubber  is  of 
excellent  quality,  almost  as  good  as  Para  rubbe  r. 

Kickxia  I'ltbber  trees  grow  very  vigorously, 
probably  more  vigorously  than  any  other 
rubber  trees.  There  is  no  data  available  as 
to  the  age  when  they  yield  marketable  rubber, 
but  the  indications  are  that  they  do  this  at 
eight  to  ten  years.  In  West  Africa,  on  the 
coast  lands,  this  tree  should  be  adopted  in  pre- 
ference to  any  of  the  American  trees. 

Ceara  7'ubber  trees. — The  cultivation  of 
these  trees  was  carried  on  with  great  energy  in 
Ceylon  a few  years  ago,  but  the  yield  was  dis- 
appointing. The  utmost  profit  realised  was 
about  Rs.  50  per  acre  at  the  end  of  six  years. 

It  may  be  naturally  expected  that  rubber 
trees  will  yield  larger  and  intrinsically  better 
qualities  of  rubber  than  wild  trees.  Also  the 
produce,  by  the  greater  care  and  attention  paid 
to  it,  will  be  of  higher  merit  and  more  uniform 
in  character.  The  increased  value  from  these 
causes  may  be  estimated  at  about  25  per  cent. 


The  lecturer  desires  to  express  his  wannest  thanks 
to  S.  AV.  Silver,  Esq.,  F.L.S.,  and  the  Directors  of 
the  India  Rubber,  Gutta  Percha,  and  Telegraph 
Works  Company,  Limited,  for  the  loan  of  valuable 
specimens  of  raw  and  manufactured  rubber.  He  is 
also  indebted  to  Messrs.  Hecht,  Levis  and  Kahn, 
to  Messrs.  S.  Figgis  and  Co.,  and  to  Messrs.  Lewis 
and  Peat,  for  very  interesting  specimens  of  rubbers. 
These  specimens,  it  may  be  mentioned,  have  since 
been  placed  in  the  Museum  of  Economic  Botany 
at  Kew,  where  they  are  accessible  to  all  interested 
in  the  nibber  industry.  At  Kew  also  may  be  seen 
living  specimens  of  nearly  all  the  species  mentioned 
in  these  lectures.  To  Dr.  Eugene  Obach  the  lecturer  is 
indebted  for  the  illustration  of  the  implements  used  in 
the  preparation  of  Para  rubber,  and  to  the  Director  of 
the  Royal  Gardens  at  Kew,  and  his  colleagues,  the 
officers  of  that  establishment,  the  lecturer  tenders  his 
best  thanks  for  valuable  assistance  Mffiich  has,  at  all 
times,  been  most  readily  given. 
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Notices. 


EXAMINATIONS,  1899. 

The  dates  fixed  for  the  Society’s  Examinations 
in  1899  are  Monday,  March  13th,  Tuesday, 
14th,  Wednesday,  15th,  and  Thursday,  i6th. 

The  Programme  of  Examinations  is  now 
ready.  Copies  of  the  Programme,  with  full 
details,  and  an  Appendix  containing  last 
year’s  questions  and  reports  by  the  Examiners, 
can  be  had,  price  3d.,  post  free,  on  application 
to  the  Secretary,  Sir  Henry  Trueman  Wood, 
Society  of  Arts,  Adelphi,  W.C. 


“ OTYEN  JOXES^'  PRIZE. 

This  competition  was  instituted,  in  1878,  by 
the  Council  of  the  Society  of  Arts,  as  trustees 
of  the  sum  of  ;^400,  presented  to  them  by  the 
Owen  Jones  Memorial  Committee,  being  the 
balance  of  subscriptions  to  that  fund,  upon 
condition  of  their  expending  the  interest 
thereof  in  prizes  to  “ Students  of  the  School 
of  Art  who,  in  annual  competition,  produce 
the  best  designs  for  Household  Furniture, 
Carpets,  Wall-papers  and  Hangings,  Damask, 
Chintzes,  &c.,  regulated  by  the  principles 
laid  down  by  Owen  Jones.”  The  prizes  are 
awarded  on  the  results  of  the  annual  com- 
petition of  the  Science  and  Art  Department. 

Six  prizes  were  offered  for  competition  in 
the  present  year,  each  prize  consisting  of  a 
bound  copy  of  Owen  Jones’s  “ Principles  of 
Design,”  and  a Bronze  Medal. 

The  following  is  a list  of  the  successful 
candidates  : — 

Brady,  Emmet,  School  of  Art,  Glasgow — Design  for 
wall-paper. 

Brown,  William  F.  G.,  School  of  Art,  Glasgow — 
Design  for  printed  velvet. 

Grimstone,  James,  School  of  Art,  Glasgow — Designs 
for  wall-paper. 

Hedgland,  Ethel,  School  of  Art,  Dover — Designs  for 
parasol  cover  and  zouave  jacket  in  cut  linen. 


Joyce,  Florence  .S.  K.,  .School  of  Art,  Birmingham — 
Modelled  design  for  a finger-plate. 

Kiefer,  hVed.  Charles,  .School  of  Art,  Battersea— 
Designs  for  printed  muslin. 

The  next  award  will  be  made  in  1899,  when 
six  prizes  will  be  offered  for  competition. 


DETERIORATION  OF  PAPER. 

The  Report  of  the  Committee  of  the  Society 
of  Arts  on  the  Deterioration  of  Paper  has  now 
been  published,  price  is.,  and  can  be  obtained 
on  application  to  the  Secretary,  Society  of  Arts, 
John-street,  Adelphi,  W.C.  Two  Appendixes 
are  printed  with  the  Report: — i.  Abstracts  of 
Papers  on  German  Official  Tests,  1885-96  ; 
2.  Precis  of  Correspondence. 


Proceedings  of  the  Society. 
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CANTOR  LECTURES. 

DECORATIVE  BOOKBINDING. 

By  Cyril  Dayenport. 


Lecture  I. — Delivered  January  24,  1898. 


Archaic  and  Medieval  Bookp.inding.‘^, 
UP  TO  THE  15TH  Century. 

The  covers,  boxes  or  bindings,  in  which 
manuscripts  or  printed  books  have  been  pre- 
served have,  as  a general  rule,  had  some 
analogy  in  outward  form  to  the  inner  shapes 
of  the  written  or  printed  pages  they  cover. 

After  the  rock  inscriptions,  which  from  their 
nature  required  no  covering,  probably  came 
something  resembing  the  impressed  in- 
scriptions in  clay  which  still  exist.  The  rock 
inscriptions  were  marked  in  outline  on  the 
stone  by  scribes  or  priests,  and  actually  cut  by 
workmen  ignorant  of  the  sense  of  the  characters 
they  were  producing.  In  the  case  of  the  cunei- 
form inscriptions  cut  in  stone,  they  were  most 
likely  written  out  by  the  wise  men  by  means  of 
short  and  long  lines  differently  placed,  the  stone- 
cutter producing  the  wedge-shaped  form.  In 
a country,  however,  where  the  use  of  sun- 
dried  clay  was  well  understood,  it  may  easily 
be  imagined  that  impressions  made  in  soft 
clay  were  sometimes  given  to  the  stone-cutters 
to  copy  from,  and  the  transition  from  this 
auxiliary  use  to  the  actual  preferential  use  of 
the  baked  tablet  is  easy.  On  the  tablet  of  clay 
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the  ‘'writing”  has  not  undergone  a second 
operation  by  another  hand,  but  is  impressed  by 
the  scribe  himself. 

A large  collection  of  fragments  of  clay- 
bearing cuneiform  inscriptions  has  been  found 
by  various  explorers  on  the  site  of  Nineveh, 
being  the  remains  of  the  Royal  libraries  of 
Sennacherib  and  Ashur-bani-Bal,  the  earliest 
being  about  the  3rd  century,  B.c.  The 
majority  of  these  “bricks”  have  no  sort  of 
covering,  but  among  the  later  specimens  are 
several  which  are  enclosed  in  outer  shells  of 
the  same  clay.  These  curious  instances  of 
ancient  “bindings”  are  usually  impressed 
with  a duplicate  inscription,  but  sometimes 
this  is  shortened,  so  that  it  may  indeed  be 
considered  a title  of  the  work  inside.  This 
form  of  covering  has  not  helped  us  in  any  way 
to  our  present  form  of  book,  but  can  only  be 
considered  as  a curiosity  of  bygone  times. 

Another  form  that  has  been  in  use  for  a very 
long  time  and  yet  has  equally  not  affected  our 
present  shape  is  that  found  to  the  present  day 
in  India,  China,  and  the  East  generally.  It 
consists  now  as  formerly  in  the  shape  of  two 
long  rectangular  pieces  of  wood,  ivory,  or  metal, 
variously  ornamented,  enclosing  separate 
leaves  of  the  same  shape  in  which  the  writing 
is  done.  These  inner  leaves  are  usually  strips 
of  palm  leaf,  but  they  are  variously  found  of 
gold,  silver,  ivory  and  lacquer,  and  are  kept 
together  by  ornamental  cords  run  right  through, 
or  metal  pins.  The  outer  pieces  are  orna- 
mented in  all  kinds  of  ways,  carvings,  paint-  | 
ings,  metals,  repousse  and  chased,  and  inlays 
in  lacquer  work  are  often  found,  some  specimens  | 
being  of  great  beauty.  In  the  case  of  sacred 
writings  the  upper  cover  is  often  found  covered 
with  small  pieces  of  red  pigment  put  on  by 
worshippers,  the  earliest  instances  I think 
when  bindings  of  books  have  come  in  for  a 
share  in  religious  ceremonies. 

As  well  as  these  writings  on  palm  leaves, 
which  are  after  all  only  of  a limited  range, 
manuscripts  were  made  at  a very  early  period 
on  ^apyi'us.  This  consists  of  the  flattened  out 
fibres  of  a reed  which  grew  plentifully  in  Egypt ; 
the  fibres  were  laid  double,  at  right  angles  to 
each  other,  pressed,  hammered  and  dried.  The 
old  manuscripts  on  papyrus  are  now  very 
brittle,  and  often  they  have  to  be  preserved 
between  sheets  of  glass.  The  roll  was  the  usual 
form  for  these  writings,  and  from  the  Latin 
word  “I  roll,”  is  derived  ourwordfora 

book — “volume,”  and  although  our  books  are 
not  now  rolled  up,  they  are  distinctly  derived 
from  the  roll  by  a simple  evolutionary  process. 


The  fact  that  papyrus  was  not  a very  satis- 
factory material  for  writings  was  discovered  as 
earl}^  as  the  2nd  century,  B.C.,  when  for  some 
reason  Eumenes  II.,  King  of  Pergamum,  found 
considerable  difficulty  in  obtaining  enough  of 
it,  and  he  is  said  to  have  first  used  vellum  for 
writing  upon.  Vellum  is  the  skin  of  the  calf 
or  goat  specially  prepared  with  lime,  and  is  the 
finest  of  all  known  materials  for  the  reception 
of  manuscript.  It  also  was  first  used  in  the 
form  of  rolls.  Paper  was  doubtless  first  made 
in  China  and  other  parts  of  the  East,  and  does 
not  appear  to  have  been  made  in  the  Western 
countries  until  about  the  loth  century. 

The  forms  in  which  the  writings  were  made 
on  these  three  materials  are  of  three  chief 
kinds,  and  from  one  of  them  comes  our  present 
shape  of  book.  In  the  case  of  the  prayers 
written  upon  the  long  strips  of  paper  enclosed 
in  the  Buddhist  “ Prayer-wheels,”  the  writing 
is  in  very  long  lines  written,  each  of  them  the 
whole  length  of  the  roll  (Fig.  i). 


Fig.  I. 


Paper  roll  from  Tibetan  Prayer-wheel,  with  writing  along 
the  length  of  the  roll.  British  Mtisetim. 


In  the  case  of  innumerable  manuscripts 
on  papyrus  and  vellum  the  writing  is  across  the 
breadth  of  the  roll  continuously  from  beginning 
to  end  (Fig.  2). 

Fig.  2. 


Vellum  roll  with  15th  century  Hebrew  MS.  written  across 
the  breadth  of  the  roll.  British  Museu?n. 

In  the  cas2  of  later  MSS.  the  writing  is 
arranged  in  page-form,  lengthwise  as  regards 
the  roll,  but  only  in  short  lines,  and  this  form  is 
the  immediate  ancestor  of  our  modern  page, 
and  consequently  the  shape  of  its  binding. 

The  rolls  of  papyrus  were  kept  together  by 
tapes  wound  round  them,  also  of  papyrus,  and 
often  sealed  with  mud  seals.  The  rolls  were 
sometimes  kept  in  wooden  cases  in  hollows  cut 
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for  them,  and  sometimes  in  the  bases  of  small 
statuettes  of  “ Ptah  - Socharis  - Osiris  ; ” but 
they  do  not  seem  to  have  had  any  special  form 
of  covering-. 

The  vellum  rolls  were  kept  in  boxes,  also 
cylindrical  in  shape,  called  “ scrinia,”  and  had 
frequently  title  pieces  attached  to  their  ends  ; 
the  wrappings  used  for  the  sacred  manuscripts 
in  the  Jewish  synagogues  are  often  very  rich 
and  ornamental,  as  also  are  the  ends  of  the 
rollers  (Fig.  3). 

Fig.  3. 


Vellum  roll,  with  Hebrew  MS.  written  in  page  form.  British 
Museum. 

The  page  form  of  writing  upon  a roll  was 
found  to  be  the  most  convenient  at  a very  early 
date  by  the  Chinese,  Japanese,  and  Coreans, 
they  also  were  the  first  to  find  out  that  if  the 
rolls  were  simply  folded  backwards  and  forwards 
between  the  “pages”  of  writing  or  printing, 
the  whole  book  became  easier  to  read,  and  this 
form  known  as  “ Orihon,”  is  used  in  those 
countries  to  the  present  day  (Fig.  4).  The 

Fig.  4. 


MS.  in  the  Ratta  character  (Sumatra),  written  on  a folded 
roll,  and  showing  the  transitional  form  between  a roll  and 
a book.  This  form  is  called  “Orihon”  by  the  Japanese. 
British  Museum. 

leaves  are  apparently  double,  and  the  outer 
edges  instead  of  being  clean  cut  as  with  us, 
are  only  a fold,  the  inner  sides  of  each  double 
page  being  of  course  blank.  The  paper  used 
in  these  books  is  usually  very  thin,  so  that  no 
practical  inconvenience  is  felt  in  reading  them. 


The  same  idea  of  folding  the  roll  occurred 
also  in  the  West,  but  was  carried  a step  further, 
inasmuch  as  the  o-jter  fold  was  cut  through, 
and  so  both  sides  of  the  material  came  into  use. 
This  of  course  necessitated  some  form  of  .sew- 
ing, or  keeping  together  the  inner  folds,  and 
the  earliest  form  of  this  was  equivalent  to  what 
we  should  now  call  “stabbing”  that  is  to  say, 
two  or  more  holes  were  pierced  near  the  inner 
edge,  right  through  all  the  leaves,  and  through 
these  holes  were  threaded  cords  of  some  kind, 
afterwards  laced  together  in  various  ways. 
This  stabbed  work  can  be  well  seen  on  almost 
any  modern  Chinese  book  ; the  chief  objections 
to  it  are  that  it  absorbs  an  undue  share  of  the 
inner  edge,  and  does  not  open  very  well,  but 
for  thin  books  not  of  much  value  it  is  very 
useful.  Although  this  stabbed  work  was  used 
for  papyrus  and  paper,  I have  not  found 
traces  of  it  on  vellum,  but  when  the  vellum 
rolls  were  cut  up  into  leaves,  as  sometimes 
happened,  and  it  was  found  necessarj’  to  fix 
their  inner  edges  together,  another  method 
was  adopted;  this  was  also  a very  simple 
and  obvious  one,  and  better  than  the  “ stab- 
bed ” method,  inasmuch  as  it  took  up  none 
of  the  inner  margin.  A thread  was  passed 
through  the  inner  fold — at  first  only  one  fold  — 
and  drawn  round  a strip  of  leather  or  vellum 
beyond,  this  process  being  repeated,  as  often 
as  necessary,  produced  at  last  a sewn  book 
resembling  in  all  material  points  one  made  at 
the  present  day.  It  was  soon  fonnd  that  two 
or  more  of  these  doubled  sheets  of  vellum 
would  fit  inside  each  other,  and  that  one 
“sewing”  would  fix  several  of  them,  so 
“ quiring  ” evolved  itself. 

The  subsequent  covering  up  of  these  exposed 
bands  and  threads  at  the  back  of  the  book, 
in  order  to  protect  them,  laid  the  foundation  of 
the  large  number  of  ornamental  bindings  which 
have  been  since  produced. 

It  is  curious  that  the  earliest  Latin  manu- 
script existing  is  written  upon  neither  of  the 
materials  hitherto  mentioned,  but  is  upon  wax. 
In  1875  at  Pompeii  were  discovered  a collection 
of  several  small  tablets  of  wood  hollowed  on 
one  side  and  filled  with  a shallow  layer  of 
wax  bearing  inscriptions.  One  of  these  is 
the  record  of  a payment  to  Umbricia  jeanu- 
aria,  and  is  dated  A.D.  55— the  earliest  Latin 
MS.  existing.  The  “ pugillaria  ” or  “ dip- 
tychs  ” usually  consist  of  two  leaves  (Fig. 
5),  but  sometimes  there  are  more,  and  in 
shape  they  are  like  our  modern  books  ; they 
are  held  together  at  the  back  by  either  leather 
thongs  or  rings,  and  many  of  them  have  small 
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hollows  for  keeping  the  stilus  in.  These 
styles  were  made  of  ivory,  wood,  or  bronze,  and 
are  generally  pointed  at  one  end  and  flat  at 
the  other  for  making  erasures.  Later  on  the 
diptychs  became  more  ornamental,  and  were 
made  of  richly  carved  ivory,  indeed  from  the 


Fig.  5. 


Roman  Diptych,  or  waxen  tablet,  with  wooden  stylus. 

BritisJi  Museum. 

3rd  to  the  6th  centuries  the  Roman  consular 
diptychs  reached  a very  high  degree  of  artistic 
beauty,  and  are  especially  interesting  because 
they  often  have  upon  them  portraits  of  the 
consuls  who  issued  them,  and  are  actually  the 
first  instances  of  decorative  binding. 

The  most  usual  material  for  the  bands  and 
threads  used  in  the  sewing  of  books  is  I think 
hemp,  or  some  vegetable  fibre,  but  no  doubt 
strips  of  vellum  and  leather  were  much  used 
in  early  times  ; indeed,  among  the  Hebrews, 
the  sacred  writings  were  always  sewn  with 
some  kind  of  animal  tissue— sinew  or  gut. 
This  was  done  in  accordance  with  the  Mosaical 
law  as  laid  down  in  Leviticus  and  Deuteronomy, 
forbidding  the  use  of  “ Shaatnez,”  I’.e.,  a 
material  composed  of  woollen  and  linen 
threads  mixed.  So  that  for  fear  of  infringing 
this  law  the  anim.al  tissues  were  used,  and  they 
are  often  so  in  other  cases  ; our  own  Roger 
Payne  unconsciously  carrying  out  the  tradition 
by  always  sewing  his  books  with  silk. 

hrom  the  time  when  manuscripts  on  papyrus 
or  vellum  came  to  be  cut  into  pages,  some- 
where about  the  5th  century,  A.D.,  the  outer 
bindings  have  been  used  as  obvious  fields  for 
the  decorative  artist,  and  some  of  the  Byzantine 
and  mediaeval  work  of  this  kind  is  almost  fine 
enough  to  be  considered  among  the  finest 
existing  specimens  of  this  school  of  art. 
Although  the  so-called  “Byzantine”  art  is 
not  the  finest  school,  in  many  ways  it  had 
immense  influence,  especially  in  the  Western 
direction,  one  development  being  especially 
interesting  to  us,  namely,  the  beautiful  Celtic 
work  made  under  its  inspiration. 

Ihe  earliest  decorative  bookbinding  existing. 


the  manuscript  for  which  is  unfortunately  gone, 
is  probably  a cover  now  kept  in  the  cathedral  at 
Milan.  It  consists  of  pieces  of  ivory  carved  with 
representations  of  Biblical  scenes  in  low  relief, 
and  in  the  centre  is  a lamb  within  a wreath  ; 
this  lamb  is  “ cloisonne,”  that  is  to  say  a piece 
of  metal  in  which  flat  wire  is  soldered  edgwise 
in  patterns  enclosing  small  spaces,  and  in 
these  spaces  it  is  said  that  vitreous  enamels 
exist.  I have  seen  this  binding,  but  unfor- 
tunately some  time  ago,  and  took  the  statement 
as  to  the  enamels  without  question  ; but  since 
then  I have  found  that  so  many  of  these  early 
so-called  enamels  are  in  fact  small  inlays  of 
coloured  stones,  that  I cannot  possibly  say 
whether  these  are  truly  enamels  or  not. 

The  Byzantine  workmen  are  credited  with 
having  kept  the  secrets  of  enamelling  on 
metal  until  about  the  second  half  of  the  nth 
century,  and  until  this  time  they  are  supposed 
to  have  retained  the  monopoly  of  the  art,  which, 
if  found  in  foreign  countries,  is  supposed  to 
have  been  done  by  Byzantine  workmen  who 
had  emigrated. 

At  Monza,  a town  near  Milan,  is  preserved 
a still  finer  and  more  interesting  binding.  It 
still  encloses  the  copy  of  the  Gospels  for  which 
it  was  originally  made,  and  was  sent,  bound, 
to  Theodelenda,  Queen  of  the  Lombards,  by 
Pope  Gregory  the  Great,  in  the  7th  century. 
The  letter  mentioning  the  gift  calls  it  “ lec- 
tionam  S.  evang.  theca  Jersica  7?ictusa??i." 
The  binding  is  wood  covered  with  plates  of 
gold,  the  decoration  being  alike  on  both 
sides. 

A large  straight  cross  occupies  the  place  of 
honour,  extending  to  the  edges,  and  in  low 
relief,  the  cross  is  outlined  with  a line  of  small 
cloisons  enclosing  rectangular  flat  pieces  of 
garnet,  sapphire,  and  emerald.  The  inner 
part  of  the  cross  is  thickly  set  with  jewels  cut 
“ en  cabochon,”  that  is  to  say  rounded,  not 
having  facets,  and  some  pearls ; and  at  the 
slightly  expanded  extremity  of  each  arm  is  a 
remarkable  oblong  jewel  of  greenish  colour, 
having  in  the  centre  a yellow  disc  on  which  is 
a small  red  flower.  These  are  usually  de- 
scribed as  enamels,  but  I think  they  are  not 
such,  being  I believe,  all  cut  from  a thick 
glass  rod  made  in  the  same  manner  as  the 
“millefiori  ” glass  of  Murano.  Although  I do 
not  think  they  are  enamels,  no  doubt  great 
skill  in  glassworking  is  shown  in  their  produc- 
tion. The  spaces  between  the  arms  of  the 
cross  are  each  ornamented  with  a r (Gamma) 
and  a cameo,  the  Gammas  and  the  outer 
border  being  beautifully  ornamented  with  cut 
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jewels,  Hat,  enclosed  within  small  gold  cloisons. 
Across  the  sides  are  added  bars  of  gold  on 
which  is  an  inscription,  “ J3e  donis  13ei  offerit 
Theodelenda  reg.  gloriosissima  sancto  Joanni 
Baptiste  in  basilica  quam  ipsa  fundavit  in 
Modicia  prope  palatium  suum.” 

A similar  design,  a cross  by  itself,  is  found 
on  the  earlier  side  of  the  binding  of  the  Gospels 
which  originally  belonged  to  the  Abbey  of  the 
Noble  Canonesses,  founded  A.D.  834  by  the 
Emperor  Lewis  the  Pious  at  Lindau,  on  the 
Lake  of  Constance.  The  cross  here  is  not  so 
simple,  but  is  curved  in  outline,  resembling  an 
elongated  Maltese  cross.  There  is  no  doubt 
that  here  are  genuine  enamels  of  great  interest 
and  beauty,  both  champleve  and  cloisonne, 
enclosing  which  are  lines  of  cloisons  set  with 
small  flat  garnets.  The  work  appears  to  be 
Celtic  under  Byzantine  influence,  the  spaces 
between  the  arms  of  the  cross  being  filled  with 
chiselled  work  in  bronze  of  interlacing  lacer- 
tine  forms  of  pure  Celtic  character. 

The  work  has  been  much  altered  and  added 
to  at  various  times,  but  the  alterations  have 
been  well  done  and  are  obvious.  It  is  suggested 
that  probably  it  was  originally  made  by  Irish 
monks  in  a South  German  Monastery.  It  is  cer- 
tainly one  of  the  finest  bindings  in  existence,  and 
now  belongs  to  the  Earl  of  Ashburnham.  It  was 
exhibited  at  the  Burlington  Fine  Arts  Club 
Exhibition  of  Bookbindings  in  1891 . The  other 
side  of  this  remarkable  book  is  somewhat  later, 
verj’  ornate,  having  a crucifixion  in  gold,  and 
all  thickly  incrusted  with  jewels. 

Among  carved  ivories,  in  which  numerous 
mediaeval  books  w’ere  bound,  one  which  is  now 
in  the  British  Museum  stands  prominently 
forward  both  for  the  beauty  of  its  design  and 
the  wonderful  skill  with  which  the  carving  is 
executed.  It  covers  a Psalter  written  and 
illuminated  for  Melissenda,  daughter  of  Bald- 
win II.,  King  of  Jerusalem  in  the  12th  century, 
and  wife  of  Fulk,  King  of  Jerusalem  after  him. 
It  is  bound  in  wooden  covers  in  which  are  fine 
Byzantine  ivories,  measuring  eight  inches  by 
six,  exquisitely  carved  with  scenes  from  Bible 
history.  There  are  fillets  interlacing  with  six 
circles  in  each  side,  in  each  of  which  a separate 
incident  is  shown,  the  remaining  spaces  being 
filled  with  scrolls  and  conventional  figures, 
birds  and  beasts,  and  enclosing  the  whole  is  a 
beautiful  border  of  scroll  and  leaf  design.  At 
the  top  of  the  under  side  is  the  name 
“ HERODIUS”  — doubtless  that  of  the 
carver — and  points  are  marked  all  over  with 
small  gems,  turquoises,  emeralds  and  rubies, 
the  ^eyes  of  the  persons  and  animals  being 


extremely  minute,  some  of  them  not  bigger 
than  the  eye  of  an  ordinary  needle,  so  that  it  is 
likely  some  of  the  jew’els  in  this  binding  are  the 
smallest  existing  cut  gems. 

On  the  upper  side  are  six  scenes  from  the 
life  of  David,  and  between  them  figures  showing 
the  triumph  of  virtues  over  vices,  all  of  these 
having  little  labels  with  words  engraved  upon 
them  run  in  with  red  pigment.  On  the  other 
side  the  six  circles  contain  scenes  representing 
works  of  mercy,  and  between  them  figures  of 
birds  and  beasts. 

In  the  South  Kensington  Museum  is  a 
splendid  specimen  of  a mediseval  Textus,  a 
copy  of  the  Gospels  of  the  loth  century,  bound 
in  oak,  covered  with  gold,  enamels  and  gems. 
The  binding  in  its  present  state  is  much 
restored,  but  parts  are  undoubtedly  very  old 
and  of  a Celtic  character.  It  was  used  at  the 
Abbey  Church  of  St.  Maurice  d’Agaune,  from 
wLich  it  was  stolen  in  the  14th  century.  Then 
it  was  kept  at  Sion,  in  the  Rhone  valley,  and 
w'as  eventually  purchased  at  the  Spitzer  Sale 
for  the  South  Kensington  Museum.  In  the 
centre  is  a seated  figure  of  our  Lord  in 
repousse  and  chased  gold,  round  this  are  two 
hexameter  lines  in  cloisonne  enamels  of  white 
and  green,  much  restored  : — 

“ MATHEVS  ET  MARCUS  LVCAS  SCSQ  JOHAXE 
VOX  HORV  QVATVOR  REP.OAT  TE  XPE  RE- 
DEMPTOR.” 

The  outer  border  is  very  broad  and  is  orna- 
mented alternately  with  rectangular  cloisonne 
enamelsj  and  gold  plates,  jewelled.  Of  these 
the  four  side  enamels  are  original,  and  so  are 
some  of  the  gold  plates,  in  which  is  curious 
superimposed  work  in  gold  of  curves  terminating 
in  heads  holding  pearls  in  their  mouths.  I 
think  probably  these  few  gold  plates  with  the 
work  on  them  are  the  only  pieces  of  the 
binding  left  which  are  contemporary  with  the 
manuscript  ; but  it  is  likely  enough  that  the 
general  original  design  has  been  to  a great 
extent  preserved. 

The  under  side  of  this  book  is  probably  in  its 
original  state,  it  is  covered  in  strong,  red 
leather,  studded  with  nails  in  the  shape  of  a 
cross.  These  books  were  used  as  altar  books, 
one  at  each  end,  and  the  upper  cover  only  was 
usually  made  very  ornamental.  They  used  to 
be  carried  round  the  churches  to  receive  the 
kiss  of  peace — a function  which,  in  the  Western 
church,  was  transferred  to  the  “ Pax”  some- 
where about  the  12th  century;  but  in  the 
Eastern  church  the  ornamented  Textus  is  still 
solemnly  kissed  on  State  occasions. 
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libraries  in  England  ; the  majority,  however, 
are  not  with  the  manuscript  they  originally 
covered.  In  Russia  there  are  some  few  ancient 
and  fine  examples.  One  of  these,  at  Moscow,  has 
most  interesting  enamels  of  the  loth  century; 
in  another,  also  at  Moscow,  a copy  of  the 
Gospels  in  Sclavonic  is  the  ear.icst  dated 
binding  I have  come  across  ; an  inscription  in 
Russian  round  the  edge  begins,  being  trans- 
lated, with  the  words  “ In  the  month  of  March, 
1392,  this  copy  of  the  Gospels  was  published 
by  the  order  of  Theodore  Andreevitch.” 

In  the  Royal  Irish  Academy  at  Dublin,  are 
several  fine  examples  of  cases  or  covers  for 
books  adorned  with  metal  work  and  gems  in  a 
similar  way  to  actual  binding,  with  charming 
Celtic  designs  in  bronze  and  silver.  In  Eng- 
land there  is  an  absence  of  any  specimens  of 
this  kind  of  work;  if  any  existed,  as  it  probably 
did,  it  was  destroyed  because  of  the  intrinsic 
value  of  the  materials  used ; much  of  this 
destruction  doubtless  took  place  under  the 
early  Tudors.  Such  books  as  now  remain  of 
English  work  are  always  simply  bound  in 


Fig.  7. 


The  Winchester  Da.nesday  Book.  English  blind  stamped  binding  of  the  12th  century.  Society  of  An/iquaries, 


There  are  several  beautiful  examples  of 
mediaeval  bindings  in  the  various  church  or 

Fig.  6. 


German  medimval  binding  of  the  loth,  or  beginning  of  the 
nth  century.  Wood  overlaid  with  plates  of  gilded  copper 
wilh  large  crystals.  The  four  inner  corner  pieces  arc  sub- 
sequent additions,  of  about  the  14th  century,  in  champleve 
Limoges  enamel.  (MS.  of  the  Latin  vulgate  version  of  the 
Gospels  of  the  loth  century.)  British  Museum. 

cathedral  treasuries  on  the  Continent  (Fig.  6), 
and  some  few  specimens  are  shown  in  our 
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leather.  The  best  known  examples  of  this  early 
work  are  perhaps  the  Winchester  r3omesday 
Book  of  the  12th  century,  goat-skin  ornamented 
with  small  impressions  in  blind,  now  in  the 
library  of  the  Society  of  Antiquaries  (Fig.  7)  ; 
the  Gospel  of  St.  John,  written  probably  in 
the  7th  century,  but  bound  possibly  about  the 
loth  century,  in  red  leather  repousse  and 
“chased”  with  a little  colour,  now  at  Stony- 
hurst  College  ; and  the  Latin  Psalter  of  the 
1 2th  century  on  which  our  sovereigns,  from 
Henry  I.  to  Henry  VII.  appear  to  have  taken 
the  coronation  oath.  This  curious  book  is 
bound  in  thick  oaken  boards  covered  probably 
with  deer-skin,  and  in  the  lower  cover  is  a 
brass  figure  of  our  Lord  in  the  attitude  of  the 
crucifixion.  It  is  nowin  the  British  Museum. 

From  the  12th  to  the  15th  century,  roughly, 
many  enamelled  bindings  were  made  at 
Limoges  in  France.  They  are  generally  of  the 
kind  known  as  champleve,  and  the  same 
designs  are  often  used  over  and  over  again. 
The  later  enamelled  bindings  from  Limoges 
mark  the  beginning  of  the  end  of  this  kind  of 
decorative  work  on  books,  because  in  the  15th 
century  came  the  introduction  of  printing  into 
Europe,  which  very  soon  caused  books  to  be- 
come much  commoner,  much  smaller,  and, 
as  a rule,  bound  in  a far  cheaper  and  simpler 
manner. 

Schools  in  Europe  of  Stamped 
Bindings. 

Mr.  W.  H.  James  Weale,  until  lately  art 
librarian  at  the  South  Kensington  Museum, 
has  made  extensive  researches  on  the  subject 
of  blind-tooled  binding  in  Europe  from  the 
1 2th  century  onwards,  and  he  is  of  opinion  that 
the  English  school  is  pre-eminent  for  its  work 
in  this  manner.  From  London  (Fig.  8),  Win- 
chester (Fig.  7),  and  Durham  we  still  possess 
fine  specimens,  the  various  arrangements  of  the 
small  dies  used  being  most  interesting  and 
curious.  In  most  of  the  English  bindings  of 
this  kind  oval  or  drop-shaped  dies  are  found ; 
these  combine  charmingly  with  circles,  and 
parts  of  circles,  a fashion  carried  on  by 
Thomas  Berthelet  and  also  at  Little  Gidding. 
In  France  the  arrangement  of  the  small 
dies  was  often  in  perpendicular  lines,  and 
the  designs  were  frequently  heraldic.  The 
stamps  used  on  German  bindings  were  often 
used  in  combination  with  beautiful  cut-work  on 
calf,  and  when  on  pigskin  were  also  frequently 
tinted  with  colour,  as  they  are  sometimes  in  the 
bindings  of  John  Richenbach  of  Gyslingen, 
who  signed  and  dated  many  of  his  bindings. 


one  existing  as  early  as  1467.  Larger  and 
more  elaborate  stamps  were  introduced  by 
various  German  binders  in  the  15th  century, 
particularly  Johannes  Fogel  and  Anthony 
Koburger. 

The  blind  stamps  on  early  Italian  books  are 
usually  of  an  oriental  character,  Arabic  knots 
and  “basket”  work.  In  the  Netherlands  the 


Fig.  8. 


Historia  Evangelica.  By  Petrus  Coinestor.  Etijflish  blind 
stamped  binding;’  of  the  13th  century.  (London.)  British 
Museum. 


large  panel  stamps  seem  to  have  been  first 
used,  probably  during  the  14th  century  ; and  in 
the  succeeding  century  these  large  stamps  are 
plentifully  found  on  French  and  English  bind- 
ings. Many  of  them  are  signed  with  the  name 
of  the  binder,  e.g.,  “Ob  laudem  Christi  hunc 
librum  recte  ligavit  Johannes  Bollcaert.”  The 
subjects  of  the  panels  are  nearly  always  Biblical. 
In  English  panel  stamps  heraldic  ornamenta- 
tion is  often  found  as  well,  and  rarely  fioral 
designs.  Saints  are  commonly  represented  on 
stamps  of  later  date — St.  George,  St.  Barbara, 
St.  Anthony,  and  numerous  others — and  in 
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German  books  Lucretia  is  a favourite  person- 
age, Justice  and  other  virtues  also  finding  a 
place. 

So  that  with  the  use  of  leather  for  binding 
books  new  methods  of  decoration  came  in 
play ; the  earliest  leather  bindings  both  in 
the  East  and  in  the  West  are  simply  orna- 
mented with  plain  impressions  from  small 
metal  stamps,  as  we  have  seen,  but  after  a 
short  time  a metal  leaf  was  used  as  well. 
The  earliest  example  of  this  “ gold  tooling  ” 
which  I have  been  able  to  find  exists  on  a copy 
of  a part  of  the  Canon  of  Avicenna,  written  in 
Arabic  in  the  12th  century, ^and  bound  in  brown 
calf.  The  decoration  is  a beautiful  arabesque, 
part  of  which  is  darkened  by  heat  and  the  out- 
lines are  marked  in  gold.  It  is  in  a bad  state 
and  has  been  rebound.  There  are  other 
Arabic  bindings  in  goat  or  calf,  ornamented 
with  delicate  designs  in  blind,  supplemented 
with  small  gilded  rings  and  points.  These 
rings  are  afterwards  found  in  Italian  work  of 
the  15th  century,  copied  no  doubt  from  the 
earlier  Oriental  work,  and  it  is  supposed  that 
from  this  source  the  beautiful  art  of  gold- 
tooling on  leather  took  its  rise.  The  gold  used 
both  on  the  Oriental  and  Italian  books  up  to 
the  15th  century  is  much  thicker  than  what  we 
use  now,  but  it  is  evidently  impressed  in  a 
similar  way,  and  fastened  on  with  some  unknown 
substance.  Now  we  use  albumen  to  fix  the 
gold  leaf  on  the  leather,  the  tools  being  heated 
so  that  they  congeal  the  albumen  whenever  they 
come  into  contact  with  it,  thereby  fixing  the 
leaf  most  perfectly. 

The  gold  tooling  introduced  into  Italy  from 
the  East,  rapidly  grew  into  favour  in  France 
and  England,  but  in  Germany  it  did  not  find 
so  congenial  ground.  The  German  work  of 
the  15th  century  is  notable,  however,  for  the 
skilful  cut  leather,  usually  calf,  sometimes 
used  alone,  sometimes  in  combination  with 
stamped  work  in  blind,  and  sometimes  with 
colour  or  stain.  The  use  of  pig-skin  stamped 
curiously  and  delicately  is  also  characteristic 
of  German  work;  a celebrated  binder — Jean 
Richenbach — not  only  designed  his  bindings 
but  also  often  dated  them,  adding,  moreover, 
a little  delicate  colour  here  and  there  on  his 
white  pig-skin. 

In  Persia  there  was  a considerable  output  of 
bindings  very  deeply  impressed  with  large 
engraved  stamps  having  arabesque  patterns 
upon  them.  These  bindings  are  usually  of 
paper  boards  covered  thinly  with  inferior 
leather,  and  are  often  stamped  with  coloured 
metal  leaf  on  which  is  hand  colouring  in 


places.  This  fashion  of  large  coloured  stamp 
became  a favourite  in  Egypt  and  in  the  East 
generally ; the  centre  ornament  is  always  an 
elongated  oval  with  more  or  less  elaboration 
around  it.  Many  fine  Italian  bindings  of  the 
15th  century  are  copied  very  exactly  from 
these  Persian  originals. 


Lantern  Slides  Shown  at  the  First  Lecture. 

1.  Egyptian  papyrus  roll  bound  with  tape  and  having 

mud  seals.  B.c.  1200  (?). 

2.  Egyptian  papyrus  roll  in  wooden  case  with  lid, 

and  statue  of  Ptah-Socharis-Osiris  above  it. 
B.c.  1200  (?). 

3.  Assyrian  tablet  with  cuneiform  inscription,  and 

its  outer  cover  also  of  clay.  B.c.  680. 

4.  Sanskrit  MS.  on  palm  leaves  with  painted  outer 

pieces,  a.d.  1196. 

5.  Buddhist  prayer  wheels. 

6.  M.S.  from  Sumatra  in  the  form  of  a folded  roll, 

or  “ Orihon.” 

7.  Roman  diptych  or  w^axen  tablet. 

8.  Jew'ish  scroll  of  the  law',  with  ornamental  rollers. 

9.  Modern  binders’  sewing  press. 

10.  Unfinished  binding  showing  the  best  kind  of 

sewing  on  raised  bands. 

11.  Unfinished  binding  showing  inferior  sewing  with 

sawn-in  bands ; also  showing  method  of  attach- 
ment of  the  ends  of  the  bands  to  the  boards. 

12.  View  of  a bookbinder’s  shop  of  the  16th  century, 

by  Jost  Amman,  from  Schopperus,  “ De 
omnibus  mechanicis  artibus.”  Nearly  the  same 
appliances  as  are  used  now'. 

13.  Roman  consular  diptych  of  carved  ivory,  showing 

the  apotheosis  of  the  Consul  Romulus.  4th 
century  a.d. 

14.  Ivory  diptych  with  fine  Byzantine  carving  of  an 

archangel.  5th  century  A.D. 

15.  Cover  of  a textus,  carved  ivory  and  Cloisonne 

enamel,  from  Milan.  5th  century  a.d. 

16.  Ivory  diptych  of  the  Consul  Anastasius.  6th 

century  a.d. 

17.  Carved  ivoiy  binding  signed  “ Herodius  ” and 

richly  ornamented  with  rubies,  emeralds,  and 
tm-quoises.  Psalter  in  Latin.  12th  centuiy  a.il 

18.  Golden  binding  of  a copy  of  the  Gospels  at 

Monza,  richly  ornamented  with  gems,  camei, 
and  glass  work.  Belonged  to  the  Empress 
Theodelenda.  7th  century  A.D. 

19.  Golden  binding  of  a copy  of  the  Gospels  now  in 

the  South  Kensington  Museum.  Fine  repousse 
w'ork,  with  gems,  enamels,  and  Celtic  gold 
work.  lOth  century  A.D. 

20.  Binding  of  the  Lindau  Gospels.  Earlier  side.  Fine 

Celtic  w'ork  under  Byzantine  influence,  with 
gems  and  enamels;  bronze  and  copper  gilt. 
8th  century  a.d. 

21.  Binding  of  the  Lindau  Gospels.  Later  side.  Gold' 

and  silver  gilt  German  w'ork,  very  richly  and 
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thickly  ornamented  with  repousse  work  and 
fine  gems.  loth  century  A.i). 

22.  Golden  binding  of  Gosj>els  of  the  abbey  of  St. 

Emeran  at  Munich.  Repousse  work  and 
gems.  loth  century. 

23.  Binding  of  the  Gospels  in  Latin.  Copper  gilt 

with  sunken  panel,  the  outer  border  set  with 
large  crystals  cut  en  cabochon  ; Limoges 
enamels  added  in  the  corners.  loth  century. 

24.  Cover  of  the  Stowe  Missal  now  at  Dublin.  Copper 

and  silver  gilt,  with  inscription  and  repousse 
work  ; few  gems,  nth  century  a.d. 

25.  Cover  of  Molaise’s  Gospels.  Bronze,  silver,  and 

silver  gilt ; repousse  work  and  few  gems.  At 
Dublin,  nth  century  A.I). 

26.  Binding  of  thick  wood,  covered  with  leather,  and 

having  brass  gilt  corners,  clasps,  and  figures  of 
our  Lord ; Latin  Psalter.  The  book  on  which 
our  sovereigns  took  the  coronation  oath  from 
Henry  I.  to  Henry  VH.  12th  century  a.d. 

27.  Byzantine  copper  gilt  repousse  bindings  on 

Gospels  in  Greek,  nth  century  A.D. 

28.  Byzantine  enamelled  binding  on  MS.  of  the 

Gospels  now  at  Moscow ; much  repaired,  nth 
century  A.d. 

29.  Binding  in  champleve  Limoges  enamels  on 

copper,  with  sunk  panel ; the  heads  in  relief. 
13th  century  a.d. 

30.  Russian  binding,  dated  1392,  with  enamels; 

Gospels.  14th  century  a.d. 

31.  Silver-gilt  binding  of  the  Gospels.  German 

repousse  work ; partly  gilt,  with  gems  and 
enamels.  14th  centurj'  a.d. 

Oriental. 

32.  Blind  stamped  goat-skin  binding  of  Coptic 

homilies  on  papyrus,  from  Thebes.  8th  century. 

33.  Arabic  gold-tooled  work  on  calf;  Canon  of 

Avicenna.  Arabesques.  12th  century  a.d. 

34.  Syriac  blind-tooled  work  on  calf.  New  Testa- 

ment, with  “ maltese  ” cross.  13th  century  a.d. 

35.  Arabic  blind-tooled  work,  with  small  dots,  in 

calf;  traditions  of  the  Prophet  Muhammed. 
14th  century  a.d. 

36.  Persian  binding  in  sheep-skin ; sunk  panels ; 

richly  stamped  in  relief,  and  gilt  all  over,  with 
different  coloured  golds.  i8th  century  a.d.  (t) 

37.  Persian  binding  in  pasteboards  ; painted  inside 

and  out;  varnished;  poems  of  Hafiz.  i8th 
century  a.d.  (}) 

38.  Persian  binding  in  pasteboards ; painted  inside 

and  out,  with  floral  designs  ; varnished  ; poems 
of  Nizami.  i8th  century  a.d.  {}) 

39.  Indian  binding  in  pasteboards ; painted  inside 

and  out ; outer  covers  have  elaborate  pictures  of 
the  Battle  of  Karnul ; varnished  ; history  of  the 
Muhammedan  Dynasties,  &c.  i8th  century 
A.D.  (.') 

Note. — Besides  the  slides  shown,  as  mentioned 
above,  the  lecturer  showed  a paper  roll  with  manu- 
script written  upon  it  in  the  page  form.  This  roll 
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was  folded  between  the  pages,  backwards  and  for- 
wards, then  “ stabbed,”  the  ends  of  the  threads  Ijeing 
afterwards  drawn  in  to  two  boards,  producing 
eventually  a small  finished  book. 


Miscellaneous. 

♦ 

BAMBOO  BABUR. 

There  have  been  many  notices  in  the  yournal  on 
the  use  of  bamboo  in  paper-making,  one  of  the 
earliest  references  being  in  August,  i86b  (wd.  xiv.,  p. 

Thomas  Routledge  communi- 
cated .several  letters  on  the  subject,  and  in  1875  he 
published  a pamphlet  which  was  printed  on  barnbex) 
paper.  The  following  information  resj)ecting  more 
recent  experiments  on  bamboo  fibre  are  from  an 
article  in  the  Chemical  Trade  Journal  \ — 

Paper-makers  who  have  tried  to  reduce  the  cane  to 
pulp  have  found  that  the  conditions  of  boiling  with 
regard  to  the  quantity  of  caustic  soda  required,  were 
somewhat  different  to  the  usual  methods  in  use  in 
paper  mills. 

The  boiling,  too,  was  to  a great  extent  regulated 
by  the  quantity  or  hardness  of  the  cane  under  treat- 
ment. Hard,  well-matured  canes  are  somewhat  diffi- 
cult to  handle.  Specially  constructed  boilers  are 
found  to  be  necessary  owing  to  the  great  amount  of 
labour  required  to  deal  with  the  canes  in  a practical 
way.  Hence  paper-makers,  who  have  been  enter- 
prising enough  to  practically  try  the  virtues  of  bamboo 
as  a paper-making  material  have,  so  to  speak,  only 
nibbled  at  the  work,  no  quantity  of  any  moment 
having  been  regularly  converted  into  pulp  and  paper. 

Owing  to  the  introduction  of  cheap  wood  cellulose 
the  chances  of  a new  fibre-yielding  stock  making 
any  marked  headway  are  now  much  less  than  in 
former  years.  AVood  is  so  very  cheap,  as  also  the 
methods  of  obtaining  good  paper  fibre  from  it,  that 
only  an  exceptional  kind  of  raw  stock  has  a chance. 

Bamboo  posses.ses  some  characteristics  so  distinct 
from  wood  cellulose,  no  matter  by  what  method  the 
latter  is  produced,  that  there  is  some  justification  for 
thinking  it  a likely  fibre  to  take  a prominent  place  in 
the  art  of  paper-making.  The  fibre  is  long,  strong, 
and  flexible,  and  possesses  good  felting  properties. 
Besides,  it  bulks  fairly  well  and  can  be  treated  in  the 
beater  with  ease  to  yield  a good  close  sheet  of  paper. 
In  the  raw  l)leached  state  it  feels  very  spongy  and 
substantial. 

The  characteristics  of  the  plant  vary  a good  deal. 
Much  depends  upon  its  growth  and  at  what  period  of 
its  age  it  has  been  cut.  It  is  usually  brought  to  this 
country  in  a matured  state,  as  strong,  hard  canes, 
which  are  difficult  to  cut  and  as  difficult  to  digest.  If, 
however,  as  has  been  suggested,  the  plant  were  in 
some  way  crushed,  and,  in  a measure,  prepared  for  the 
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paper  maker,  its  reception  as  stock  would  be  much 
more  favourable  than  it  is. 

Any  data  relating  to  this  interesting  plant,  and 
bearing  upon  its  features  as  a source  of  paper  pulp, 
have  a special  claim  upon  the  attention  of  the  paper 
maker,  because  of  its  great  abundance,  rapid  growth, 
and  comparative  cheapness. 

Bamboo  cane  belongs  to  the  same  botanical  order 
as  straw.  The  length  of  the  fibre  is  0*354  inches, 
and  the  diameter  0*00063  inches.  The  fibres  them- 
selves are  fine,  regular,  and  smooth,  their  walls  being 
uniform,  and  the  central  canal  small.  These  fibres 
are  mixed  with  a good  deal  of  intercellular  matter, 
which  can  be  washed  away  by  continual  washing. 
As  this,  however,  tends  to  yield  a close  sheet  of 
paper,  excessive  washing  should  be  avoided. 

Muller  has  given  the  amount  of  cellulose  found  in 
bamboo  as  50*3  per  cent,  in  the  air  dry  cane,  con- 
taining 8*53  per  cent,  of  moisture.  It  seldom 
contains  more  than  2*0  per  cent,  of  mineral  matter, 
notwithstanding  its  hardness. 

The  outer  cuticle  is  composed  of  a silicate.  In  one 
sample  examined,  the  per-centage  of  ash  equals  i*6o, 
of  which  51*25  per  cent,  consisted  of  silica,  and  9*25 
per  cent,  of  carbonate  of  lime,  while  6*07  per  cent, 
was  carbonate  of  magnesia.  The  above  yield  of 
cellulose,  namely,  50*3  per  cent.,  is  never  obtained  in 
practice,  owing  to  the  solvent  action  of  the  caustic 
soda,  and  the  system  of  washing  in  vogue  in  mills. 
There  is  a very  appreciable  difference  in  the  yield  of 
pulp  by  the  bisulphite  process,  as  compared  with  the 
soda  process. 

As  a general  rule  the  cost  of  treatment  with  caustic 
soda  under  pressure  is  higher  in  proportion  to  other 
fibres  of  the  same  order.  The  walls  of  the  cane  are 
thicker  and  harder,  their  texture  being  so  dense  that 
it  is  difficult  for  the  soda  fluid  to  penetrate  into  them, 
A stronger  solution  of  caustic  soda  and  a higher  tem- 
perature are  therefore  employed  to  reduce  the  stock  to 
pulp.  The  proportion  of  caustic  to  dry  cane  varies 
with  the  size  or  age  of  the  latter.  The  spent  soda 
lyes,  too,  are  more  difficult  to  deal  with  than  those 
from  esparto,  the  extracted  matter  being  of  a different 
character.  Lyes  from  bamboo  are  apt  to  froth  exces- 
sively when  being  ti'eated  for  the  recovery  of  the  soda 
in  Porion  and  other  soda  recovery  plants. 

The  following  practical  data  relate  to  the  boiling  of 
cane  which,  when  whole,  measured  from  three  to  four 
inches  in  diameter.  The  cane  was  crushed  between 
rollers  before  shipment,  and  without  further  prepara- 
tion was  put  into  the  digesters.  Contents  of  charge  : 
Weight  of  cane  put  in  boiler,  55  cwts. ; volume  of 
caustic  lye,  1,600  gallons  ; total  pounds  of  60  per  cent, 
caustic  soda  in  lye,  1,741  pounds  ; steam  pressure,  90 
pounds  above  atmosphere ; maximum  temperature, 
331°  Fahr. ; number  of  hours  under  pressure,  15. 

The  proportion  of  caustic  soda  to  raw  stock  was 
33*6  pounds  of  60  per  cent,  to  one  cwt.  cane,  a 
quantity  which  will  be  admitted  on  all  sides  as  being 
very  high.  Less  matured  cane  would,  however,  not 
require  so  much. 


The  pulp  obtained  was  dark  coloured,  resembling  i 
soda  wood  before  bleaching.  By  using  fully  25  per  j 
cent,  of  its  weight  of  dry  bleaching  powder,  reckoned 
on  the  air-dry  weight  of  the  unbleached  pulp,  it  was 
bleached  to  a pale  yellow  colour.  The  ligneous  parts  ; 
of  the  plants  are  difficult  to  entirely  remove  by  simply 
digesting  in  caustic  soda,  and,  therefore,  to  obtain 
the  maximum  effect  in  bleaching,  the  contents  of  the 
poacher  are  heated  to  120°  Fahr.  Of  this  bleached 
fibre,  it  was  estimated  that  not  more  than  40  parts 
were  obtained  from  100  parts  of  the  cane.  The 
yield,  therefore,  is  not  more  than  what  is  obtained 
from  straw  on  the  average. 

The  mineral  contents  of  the  plant,  however,  are 
such  as  to  lead  one  to  believe  that  the  bisulphite 
method  of  boiling  would  prove  cheaper,  and  yield  a 
fibre  as  equally  pure  and  good  as  the  soda  process. 
Direct  experiment  has  proved  this  to  be  the  case,  as 
the  following  results  show. 

The  bamboo  cane  selected  for  the  purpose  was 
inches  in  diameter,  and  as  a preliminary,  was 
crushed  by  passing  it  through  a pair  of  rollers. 

The  crushed  cane  was  then  placed  in  a lead-lined 
boiler,  and  completely  covered  with  a bisulphite  of 
lime  solution,  having  a specific  gravity  of  1,040, 
equal  to  8°  Twaddel.  The  boiler  and  its  contents 
were  gradually  heated,  precisely  as  in  the  case  of 
wood  boiling,  and  when  the  operation  was  finished, 
and  the  boiler  emptied,  the  cane  presented  every 
appearance  of  being  well  boiled.  The  pulp  was  soft, 
a pale  yellow  in  colour,  and  was  readily  washed  with 
water.  The  actual  yield  obtained  from  100  parts  of 
this  cane,  was  4*8°  parts  of  air  dry  pulp,  containing 
10  per  cent,  of  water. 

The  unbleached  pulp  was  lighter  in  colour  than  the 
corresponding  pulp  obtained  by  the  soda  treatment, 
and  first  turned  a very  deep  red  when  bleaching 
powder  solution  was  added  to  it.  With  23  per  cent, 
of  its  weight  of  dry  bleaching  powder,  it  did  not 
bleach  to  a good  colour,  but  remained  of  a yellow 
tint.  It  was  only  by  the  use  of  permanganates  that  a 
pure  white  colour  was  obtained. 


WINE  FERMENT  EXPERIMENTS  IN 
FRANCE. 

Experiments  made  by  the  wine  growers  of  France 
during  the  last  few  years,  and  which  are  still  the 
subject  of  earnest  investigation,  are  attracting  con- 
siderable attention.  It  was  formerly  believed  that 
the  quality  of  a wine  produced  in  a given  vineyard 
could  only  be  changed  by  some  injurious  adulteration. 
It  is  now  asserted  by  the  highest  authorities  in 
viticulture  in  France  that  the  quality  of  such  wines 
can  be  improved  without  the  introduction  of  any 
extraneous  or  injurious  substance.  It  is  held  that  the 
qualities  of  the  products  of  the  specially  famous  vine- 
yards are  attributable  to  the  local  ferment  which  acts 
upon  the  juice  of  the  grape  to  transform  it  into  wine. 
It  is  also  found  that  there  are  notable  differences  in 
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the  local  ferments,  or  rather  in  the  effects  which  they 
produce  upon  the  must.  Acting  upon  the  knowledge 
of  these  facts,  the  United  States  Consul  at  Lyons  says 
that  ferments  have  been  selected  from  the  products  of 
a given  vineyard,  and  used  in  the  products  of  other 
vineyards,  with  the  most  satisfactory  results.  It  will 
not  make  the  most  famous  wine  out  of  the  juice  of 
ordinary'  grapes,  but  it  will  ameliorate  the  latter  and 
import  to  it,  in  a certain  degree,  the  bouquet  and 
taste  of  the  former.  It  is  contended  by  some 
that  the  ferment  from  a Bordeaux,  Burgundy, 
or  Hermitage  vintage,  will  convert  the  juice  of 
common  grapes  into  those  famous  brands.  Consul 
Covert  adds,  however,  that  while  this  opinion  is 
generally  rejected,  none  of  the  many  whom  he  has 
questioned  on  the  subject,  except  wholesale  dealers, 
deny  that  the  addition  of  the  ferment  brings  the 
wines  nearer  to  the  excellence  of  the  brand  from 
which  it  was  taken.  Report  comes  from  Algeria 
that  experiments  made  there  a few  weeks  ago  prove 
that  this  process,  with  some  modifications,  is  capable 
of  working  great  amelioration  in  very  ordinary  wines. 
The  method  employed  is  as  follows  : — The  grapes  are 
first  washed  and  freshened  in  cold  water  and  then 
crushed  in  a vat.  The  must  is  next  introduced  under 
a pressure  of  four  atmospheres  in  a tubular  boiler, 
where  the  grapes  remain  a quarter  of  an  hour  in  a 
high  temperature.  A current  of  cold  water  is  then 
passed  through  the  tubes,  lowering  the  temperature. 
At  this  time  the  must  contains  no  ferment  capable  of 
development,  the  treatment  having  transformed  the 
whole  into  an  absolutely  neutral  liquid,  ready  for 
development  by  the  introduction  of  another  ferment. 
“The  wine  thus  obtained,”  says  the  report,  “will 
possess  a bouquet  and  an  aroma  hitherto  unknown  to 
Algerian  wines.”  This  experiment,  according  to  the 
Moniteur  yi/t/coh’,  Avas  made  by  a large  Bordeaux 
Avine  grower.  It  is  said  that,  in  some  cases,  the 
ferment  may  be  directly  mixed  Avith  the  must,  but 
it  is  preferable  to  make  a preliminary  preparation 
as  folloAvs  : — Two  or  three  days  before  pressing  the 
main  crop,  say  50  lbs.  of  grapes  are  thoroughly 
washed  in  an  abundance  of  cold  AA'ater  before  being 
pressed.  This  is  to  free  them  from  the  dust  and 
germs  Avhich  may  have  gathered  upon  them.  They 
are  then  pressed,  and  the  juice  is  separated  from  the 
seeds,  stems,  &cc.,  by  means  of  a fine  sieve.  The 
must  thus  obtained  is  put  into  a thoroughly  clean 
barrel,  Avhich  should  be  free  from  all  odour  ; a proper 
quantity  of  ferment  is  mixed  with  it,  and  the  Avhole  is 
allowed  to  stand  until  needed  for  use,  say  tAvo  or 
three  days.  M.  Jacmin,  in  a recent  number  of  the 
Moniteur  Vinicole,  gives  the  folloAving  as  the  pro- 
portions to  be  used: — One  litre  ( 1-76  Imperial  pint) 
of  selected  ferment  is  to  be  used  in  the  juice  of  from 
40  to  50  lbs.  of  grapes  for  every  1,600  gallons  of  the 
vintage  must.  The  yeast  thus  set,  if  properly  made, 
ferments  actively  under  the  influence  of  the  selected 
ferment,  and  is  ready  for  use  50  or  60  hours  after  the 
beginning  of  the  preparation.  It  must  be  mixed  Avith 
he  vintage  must,  immediately  after  the  latter  has 


807 


been  pressed  out.  The  barrel  containing  the  yeast — 
that  is  the  juice  of  the  first  40  or  50  lbs.  of 
grapes — should  be  Avell  stirred  in  order  to  avoid 
the  loss  of  the  yeast  which  settles.  dhe  yeast 
should  be  mixed  with  the  must  as  uniformly  as 
jAOSsible,  and  several  methods  are  indicated.  Some 
of  the  yeast  is  sprinkled  on  the  vintage  tubs, 
presses,  barrels,  &c.,  and  generally  about  one-third  of 
the  yeast  j)repared  is  thus  employecl,  the  remaining 
tAV'o-thirds  being  used  as  follows  : — About  one-sixth 
is  put  on  the  bottom  of  the  vat  before  the  crushed 
grapes  are  emjitied  into  it ; the  rest  of  the  yeast  is 
mixed  Avith  successive  layers  as  the  vat  is  filled  up. 
What  remains  is  finally  poured  over  the  top  of  the 
must.  An  ordinary  spraying  apparatus  affords  an 
excellent  means,  but  it  must  be  either  new  or  very 
carefully  cleaned  beforehand.  It  is  Avell  to  take  the 
spraying  machine  into  the  vineyard  and  to  prej)are  a 
tub  of  yeast  diluted  with  some  freshly  pressed  juice. 
A single  Avorkman  Avith  a spraying  apparatus  is 
sufficient  for  a gang  of  fifty  grajAe  gatherers.  He 
sprays  the  yeast  on  the  bottom  and  sides  of  the  tubs 
and  other  means  of  transport  as  the  grapes  are  put 
into  them.  All  bunches  are  thus  covered  Avith  an 
imperceptible  coating  of  yeast  of  good  quality,  and 
by  this  means  any  difficulty  arising  from  the  crushing 
of  the  grapes  during  transportation  is  avoided,  because 
any  fermentation  Avhich  begins  is  of  an  excellent 
nature  on  account  of  the  precautions  taken.  The 
preparation  and  use  of  the  yeast  is  the  same  for  Avhite 
Avine  as  for  red,  although  many  makers  of  Avhite  Avine 
content  themseRes  Avith  pouring  the  selected  ferments 
directly  into  the  must  after  pressing.  The  preparation 
of  the  yeast  is  more  important  in  a cold  season  than 
in  a warm  one.  d his  question  of  the  use  of  feinients 
is  receiving  the  favourable  consideration  of  many 
great  Avine  groAvers  in  France,  and  chemists  have 
applied  scientific  rules  to  the  use  of  the  ferments. 


THE  STRAW  INDUSTRY  IN  GERJrANV. 

The  manufacture  of  straAv  is  one  of  the  most 
important  industries  of  Germany,  giving  employment 
to  thousands.  StraAV  that  once  served  only  for  fuel 
and  fertilising  purposes,  is  put  up  by  the  German 
Avorkpeople  into  the  most  useful,  beautiful,  and 
fantastic  forms.  Plates,  dishes,  baskets,  boxes,  tables, 
trunks,  fans,  hats,  caps,  mats.  See.,  are  made  by  the 
million,  and  sent  to  all  parts  of  the  Avorld.  The 
United  States  "Consul  at  Chemnitz  says  that  in  a 
stretch  of  country  containing  six  square  miles  there 
are  10,000  persons  employed  in  making  articles  of 
straAv.  Of  the  straAV  used,  the  best  comes  from 
Tuscany.  They  are  rye  and  Avheat  straAvs,  and  are 
knoAvn  as  the  grano  ntarzuolo  or  March  grain.  It  is 
soAvn  in  March,  very  thick,  to  prevent  the  blades  from 
growing  too  fast  or  strong.  In  June  it  has  grown  to 
a length  of  18  or  20  inches,  and  is  ready  for  use. 
The  rye  and  Avheat  are  torn  out  by  the  roots,  bound 
into  small  bundles,  exposed  to  the  sun  but  not  to  the 
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rain,  and  then  laid  aside  for  one  or  two  years’ 
seasoning.  Before  being  worked,  the  bundles  are 
spread  out  like  fans,  exposed  three  nights  to  the  dew, 
and  three  days  to  the  sun.  In  this  way  the  straw  that 
was  green  becomes  a beautiful  yellow  or  golden 
white.  The  ears  and  roots  are  now  removed, 
and  the  stems  are  sorted  into  from  twelve  to 
twenty  different  sizes.  The  sorting  is  done  by 
means  of  sieves  graduated  from  coarse  openings  to 
line  ones.  The  straws  are  then  arranged,  according 
to  length,  into  three  classes  and  fastened  in  bundles, 
which  are  steeped  in  Avater,  allowed  to  drip,  and  then 
placed  upright  around  a practically  airtight  room  in 
the  middle  of  Avhich  is  a brasier  full  of  burning 
sulphur.  The  sulphur  is  renewed  each  evening  until 
the  straAv  becomes  a beautiful  Avhite.  The  sorting 
has  sejiarated  only  the  thick  from  the  thin,  the  short 
from  the  long ; there  remains  the  difference  in  size 
between  the  top  and  bottom  of  eaeh  separate  stem. 
To  obviate  this,  the  stems  are  cut  again  twice,  leaving 
only  about  2 or  3 inches  of  the  middle,  Avhich  has  a 
uniform  thickness;  these  are  AAW^en  into  the  finest 
hats.  The  other  ends  are  also  woven  into  hats,  caps, 
&c.  This  process  prevails  not  only  in  Tuscany, 
but  in  Lombardy,  Switzerland,  and  France  ; the 
French  or  Swiss  straw  is  said  to  be  neither  so  strong 
nor  so  beautiful  as  the  Italian.  In  Italy  the  straw  is 
worked  up  whole  ; in  Switzerland  and  Germany  it  is 
split.  In  Saxony  the  straw  passes  through  nine 
processes  from  the  moment  it  is  cut  by  the  reapers. 
The  stems  are  first  drawn  through  a rake  or  toothed 
utensil  till  the  ears,  roots,  and  projecting  leaves  are 
removed.  The  next  step  is  the  ananging  of  the  corn 
in  sheaves.  The  third  consists  in  removing  the 
knots  and  cutting  the  stems  into  three  lengths  or 
pieces.  The  upper  or  thinnest  is  the  most  valuable 
part.  The  straw  is  then  dampened  and  placed  for 
24  or  30  hours  in  the  upper  part  of  an  apparatus, 
consisting  of  two  compartments  one  over  the  other. 
In  the  lower  is  burning  sulphur,  the  fumes  of  Avhich 
enter  the  upper  through  hundreds  of  little  holes 
bleaching  the  dampened  straw.  The  next  step 
consists  in  again  sorting,  according  to  length  and 
thickness  and  splitting,  by  drawing  the  straw  over  a 
toothed,  saw-like  piece  of  steel.  Even  the  very 
coarsest  straw  can  be  utilised  for  fine  Avork  by 
splitting.  The  straAvs  are  then  plaited  into  bands, 
trimmed,  Avound,  and  sewn.  Formerly  the  seAving  Avas 
all  done  by  hand,  but  rapidly  increasing  competition 
compelled  manufacturers  to  introduce  machines.  In 
the  straw  industry,  as  in  almost  every  other  industry 
in  Germany,  education  is  developing  a class  of  skilled 
labour,  Avhose  capacity  to  compete  increases  yearly. 
Saxony  alone  has  six  such  schools. 


THE  COST  OF  THE  SIBERIAN  RAILWAY. 

The  United  States  Consul  at  Moscoav  says  that 
the  Committee  of  the  .Siberian  Raihvay  recently  held 


a m_eeting  and  rendered  its  accounts,  Avhich  contained 
the  foIloAving  details  of  expenditure  incurred  from 
1893  to  1897,  showing  the  total  cost  of  the  construc- 


tion of  the  Great  Siberian  RaihA’ay  : — 

Construction  of  the  Western  Siberian 

Raihvay,  Avithout  the  Baikal  branch  5,074,300 

Central  Siberian  Railway 9,776,600 

Branch  line  of  Ekaterinburg-Chelia- 

brusk  ^53,500 

South  Ouroussisk  branch 2,241,600 

North  Ouroussisk  branch 2,246,100 

Irkutsk-Baikal  branch  240,600 

Steam  ferry  across  the  Lake  Baikal , . 3^0,400 

Yabaikalski  Raihvay 7,244,700 

Tomsk  branch 260,900 

Onon  branch  to  the  Chinese  frontier  3,272,800 
Nieolski  ,,  „ ,,  881,100 

Perm  Cottass  branch 3,651,400 

Various  supplementan,^  expenses  ....  2,1 16,800 


Total  expenditure. . . . ;^38,ooo,8oo 

Out  of  the  above  amount,  there  has  already  been 
adv’anced  ^1^32,599,100,  and,  in  addition,  there  have 
been  expended  for  topographical  and  astronomical 
AA'orks,  inigation,  surveying,  geological  researches, 
agricultural  implements,  &c.,  the  sum  of  ,{.T,  195,700. 


General  Notes. 

♦ 

Science  and  Art  Department. — The  Lords  of 
the  Committee  of  Council  on  Education  have  received 
a request,  on  behalf  of  the  Hungarian  GoA-ernment,  for 
a selection  of  Avorks  for  Avhich  awards  have  been  made 
in  the  National  Competition  of  this  year,  to  be  sent 
on  loan,  at  the  expense  of  the  Hungarian  Government, 
for  exhibition  in  the  neAv  Industrial  Art  Museum  at 
Buda  Pest,  and  their  Lordships  have  promised  to 
afford  eA^ery  facility.  The  Schools  of  Art  are  being 
asked  to  state  in  each  case  Avhether  Avorks  may  be 
sent. 

Como  Electrical  Exhibition,  1899. — Informa- 
tion has  been  received  from  the  Foreign  office  through 
the  Science  and  Art  Department,  of  an  International 
Exhibition  of  Electrical  Appliances,  to  be  held  in 
Como,  to  commemorate  the  centenary  of  Volta’s 
discovery  of  the  electric  pile.  The  Exhibition  Avill  be 
opened  on  the  15  th  May,  1899,  and  aauII  be  closed  on 
the  15th  October.  Applications  for  space  must  reach 
the  Executive  Committee  at  Como  before  the  31st 
October,  1898,  and  articles  Avill  be  received  from  the 
1st  to  the  30th  April,  1899.  Machines  and  other 
exhibits  requiring  special  foundations  or  fixing  must 
be  consigned  before  15th  February,  1899.  A congress 
of  electricians  will  be  held  in  connection  Avith  the 
Exhibition.  An  exhibition  of  the  silk  industiy^  Avill 
be  attached  to  this  Electrical  Exhibition.  This  Avill 
be  national  for  products,  and  international  for 
machinery,  tools,  and  processes  relating  to  the  same. 
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EXAMINATIONS,  1899. 

The  dates  fixed  for  the  Society’s  Examinations 
in  1899  are  Monday,  March  13th,  Tuesday, 
14th,  Wednesday,  15th,  and  Thursday,  i6th. 

The  Programme  of  Examinations  is  now 
ready.  Copies  of  the  Programme,  with  full 
details,  and  an  Appendix  containing  last 
year’s  questions  and  reports  by  the  Examiners, 
can  be  had,  price  3d.,  post  free,  on  application 
to  the  Secretary,  Sir  Henry  Trueman  Wood, 
Society  of  Arts,  Adelphi,  W.C. 


SECTIONAL  COMMITTEES. 


At  the  last  meeting  of  the  Council  the 
following  Committees  for  the  Indian,  Foreign 
and  Colonial,  and  Applied  Art  Sections  were 
appointed  : — ■ 

INDIAN  SECTION  COMMITTEE. 


Sir  John  Wolfe  - Barry, 
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Rt.  Hon.  George  N.  Curzon. 

F.  C.  Danvers. 

Sir  Juland  Danvers,  K C S.I. 

SirCharlesA.Elliott, K.C.S.I. 
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Goldsmid,  K.C.S.I.,  C.B. 
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Sir  William  Wilson  Hunter, 
K.C.S.I.,  C.I.E.,  LL.D. 


Sir  John  Jardine,  K.C.I.E^ 
W.  S.  Seton  Karr. 

Sir  Seymour  King,  K.C.I.E., 


Sir  W.Lec-Warner,K.C.S.I., 


Sir  Roper  Lethbridge, 

K.C.I.E. 

.Sir  James  Broadwood  I.yall, 
G.C.I.E.,  K.C.S.I. 

.Sir  James  Lyall  Macka}% 
K.C.I.E. 

.Sir  Alexander  Mackenzie, 

K.C.S.I. 

J.  M.  Maclean,  !M.P. 

General  J.  Michael,  C.S.I. 

J.  Sewell  Neville. 
Field-Marshal  Lord  Roberts, 
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K.C.I.E. 

.Sir  Raymond  West,  K.C.I.E. 
.Sir  Alexander  Wilson. 
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} C.I.E. 
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Andrew  Yule. 

I .S.  Digby  (.Secretary). 
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CANTOR  LECTURES. 
DECORATIVE  BOOKRINDINXr. 
By  Cyril  Daa'ENPORt. 


Lecture  II. — Delivered  'January  31,  1898. 


Italian,  IXench  .and  German  Bindings 

FROAI  1500  TO  THE  i8TH  CENTCRY. 

I . — Itaty. 

The  chief  difference  between  the  books  of 
the  latter  half  of  the  15th  century  and  those 
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that  preceded  them,  is  that  caused  by  the 
introduction  of  printing,  and  although  to  some 
extent  the  tradition  of  rich  jewelled  and 
enamelled  bindings  was  carried  on  in  England 
in  the  form  of  books  bound  in  velvet  and 
adorned  richly  with  small  pearls,  enamels,  and 
rarely  jewels,  generally  speaking,  the  bindings 
became  far  simpler.  But,  as  has  been  shown, 
these  simple  bindings  in  leather  paved  the  way 
for  the  developments  of  the  beautiful  art  of  gold 
tooling,  which,  used  in  an  elementary  and 
accessory  way  by  the  orientals,  in  the  hands 
of  their  Italian  copyists  reached  a high  point 
of  art  and  technique.  It  is  generally  considered 
that  the  gold  tooling  on  early  Italian  books 
was  first  done  on  those  issued  from  the  press 
of  Aldus  Manutius,  but  there  seems  little 
doubt  that  the  art  was  known  and  practised  by 
Italian  binders  before  him.  Indeed  it  is 
difficult  to  say  positively  whether  Aldus  bound 
any  of  his  books  himself.  On  one  of  those 
attributed  to  him  occurs,  in  blind,  the  device  of 
a dolphin,  and  on  many  what  is  known  as  the 
Arabic  knot.  This  knot,  copied  directly  from 
oriental  work,  is  sometimes  impressed  in  blind 
and  sometimes  in  gold.  The  early  Venetian 


Fig.  I. 


Italian  gold  tooled  binding  in  morocco.  Cmsar.  Florence. 
1514.  British  Museum. 

and  Florentine  bindings  are  remarkable  for  the 
consummate  skill  and  taste  with  which  the  few 
tools  used  upon  them  are  designed  and  used 
(fig.  i).  They  have,  I think,  ncvc}*  been  sur- 


passed in  these  qualities,  although  later  work 
is  technically  of  greater  excellence.  Many  of 
the  borders  found  on  early  Italian  bindings  are 
repeated  and  modified  again  and  again,  both 
in  English  and  French  work. 

So  much  cannot  be  said  for  the  Italian 
bindings  made  with  sunk  panels,  also  after  an 
oriental  pattern.  In  these  instances  the 
Italian  love  of  colour  has  resulted  in  work  that 
is  very  brilliant,  but  often  over-coloured.  The 
boards  are  not  of  wood,  but  pasteboard,  and 
the  sunk  panels  are  often  made  by  means  of 
double  boards,  the  upper  of  which  is  pierced. 
The  edges  of  the  double  boards  often  show  a 
depression  along  their  centres  where  the  two 
boards  join,  and  curiously  enough  this  de- 
pression is  often  artificially  produced  in  later 
Italian,  French  and  English  work  as  a deco- 
rative feature  in  itself.  The  ornamentation 
upon  these  books  is  frequently  finished  by 
hand  painting  in  gold  and  colours,  and  on 
such  of  them  as  contain  official  documents 
the  lion  of  St.  Mark  is  often  shown  in  the 
centre  oval.  The  art  of  the  Venetian  binders, 
however,  is  considered  to  have  reached  its 
highest  point  in  the  bindings  made  for  Jean 
Grolier,  Vicomte  d’Aguisy,  who  spent  some 
time  in  Italy  as  ambassador  from  Francis  I. 
to  Pope  Clement  VII.,  and  was  afterwards 
Treasurer-General  of  France.  He  was  a 
scholar  and  a man  of  taste,  and  is  well  known 
as  being  not  only  the  first  great  collector  of 
books,  but  also  the  first  amateur  to  have  his 
books  bound  for  himself  in  a particular  manner. 
The  designer  of  his  bindings  is  unknown.  It 
has  been  suggested  that  Geoffrey  Tory  may 
have  had  something  to  do  with  them,  and  it 
has  also  been  thought  that  Grolier  himself 
gave  the  general  idea  of  the  decoration.  The 
earlier  “ Groliers  ” were  no  doubt  bound  in 
Italy,  and  on  them  the  small  fleurons  and  tools 
are  cut  solid.  At  a later  time  the  tools  were 
cut  with  lines  across  them  ; these  are  usually 
considered  to  be  French  work,  but  it  is  difficult 
to  decide,  as  it  is  likely  that  Grolier  took  an 
Italian  finisher  with  him  on  his  return  to  France. 
The  backs  of  Grolier’ s books  are  sometimes 
ornamentally  treated.  On  one  board,  at  the 
lower  part,  is  the  legend  “ lO  GROLIERII  et 
amicorvm”  (Fig.  2),  and  on  the  other  board  are 
usually  the  words  “ Portio  mea  domine  sit  in 
terra  viventium  ” stamped  in  the  centre.  Many 
of  the  brown  morocco  bindings  are  marbled  with 
a dark  stain,  and  at  the  beginning  and  end  of 
each  volume  is  a section  of  vellum,  making  the 
joint  very  strong,  and  sometimes  stiff  to  open. 
The  fillets  on  some  of  Grolier’ s bindings  are 
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stained  black,  but  with  this  exception  no  colour 
besides  the  gold  is  used  on  any  of  his  Italian 
bindings,  although  red  and  blue  occur  on  some 
French  examples. 


Fig.  2. 


Gold  tooled  binding  in  clouded  morocco  executed  for  Jean 

Grolicr,  Vicomtc  d’Aguisy.  Juvenalis  et  Persius. 

Vcnetiis.  1535.  British  Museum. 

Tommaso  Maioli,  another  great  collector^ 
used  a similar  inscription  to  that  of  Jean 
Grolier,  and  put  on  most  of  his  books  the 
words  “ THO.  MAIOLI  ET  AMICORVM,”  and 
on  some  of  his  books  inlays  of  coloured  leather 
are  found,  one,  a copy  of  the  “ Hypneroto- 
machia  Poliphili,”  printed  in  Venice  in  1499, 
but  bound  later,  is  in  dark  blue  morocco  with 
the  centre  panel  of  the  upper  board  inlaid  with 
citron  morocco.  Several  of  the  simpler  bindings 
made  for  Maioli  have  the  grain  of  the  morocco 
slightly  filled  in  with  gold,  and  the  leathers  are 
sometimes  marbled  with  a dark  stain.  Many 
of  his  bindings  are  picked  out  with  background 
thickly  powdered  with  small  gold  dots. 

The  early  Italian  bindings  are  sometimes 
ornamented  with  “ cameo  ” impressions  on  the 
leather.  These  impressions  are  themselves 
often  made  in  a hollow  cut  or  pressed  into  the 
side  of  the  board.  One  of  the  most  tasteful 
instances  of  the  use  of  this  kind  of  ornament 
occurs  on  the  red  morocco  binding  of  a Greek 
“Anthology”  printed  at  Florence  in  1490. 
On  one  side,  in  a circular  hollow,  is  a cameo 
portrait  of  Alexander  the  Great,  and  on  the 
other  Philip  of  Macedon — the  gold  and  blind 
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tooling  in  this  book  is  most  charming.  Other 
instances  of  portraits  made  in  a similar  way 
are  found,  but  the  best  known  are  the  stamps 
found  on  books  which  belonged  to  Dem^-trio 
Canevari,  physician  to  Pope  Urban  VII.  Th**se 
stamps  vary  in  size  according  to  the  shape 
and  size  of  the  books  on  which  they  are  used — 
the  bindings  were  probably  made  in  \'»’nice 
between  1534 

tooling  is  distinctly  of  Venetian  character,  but 
they  were  not  made  for  Canevari  himself,  who 
was  not  born  until  1559. 

The  design  on  the  “Canevari”  stamps  repre- 
sents Apollo  driving  a golden  chariot,  with  a 
white  and  a black  horse,  towards  a hill  on  which 
is  a silver  Pegasus,  the  colour  being  added  by 
hand.  Apollo  has  a golden  helmet  and  a 
golden  cloak,  and  holds  a golden  whip  in  his 
hand.  On  the  larger  stamps,  some  silver  clouds 
are  shown  in  the  sky,  but  these  do  not  occur  on 
the  smaller  stamps.  Round  the  stamps  on  a 
ribbon  are  the  words  opens  KAI  MH  AOHins,  and 
gold  tooled  work  of  fine  design  usually  encloses 
the  whole,  with  sometimes  the  title  of  the  book 
in  an  ornamental  cartouche.  The  colouring  on 
the  cameo  is  frequently  very  faint,  but  some  of 
it  can  generally  be  found  in  protected  corners. 
Traces  of  all  the  original  colour  can  be  still  seen 
in  the  splendid  copy  of  “ Polydorus  Vergilius 
dc  Historia  Anglica,”  now  exhibited  in  one  of 
the  binding  show  cases  in  the  King’s  Library 
at  the  British  Museum  (Fig.  3). 

Fig.  3. 


Cameo  stamp  of  Apollo  driving  a chariot,  and  Pegasus, 
found  on  bindings  that  belonged  to  Demetrio  Canevari, 
physician  to  Pope  Urban  VIE,  in  the  lOth  century. 
British  Museum. 
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The  later  Italian  bindings  are  largely  heraldic, 
from  the  interesting  i6th  century  embroidered 
book  with  the  arms  of  Cardinal  Perretti,  after- 
wards Pope  Sixtus  V.,  to  those  made  for  Henry 
Benedict,  Cardinal  York,  there  are  numerous 
examples.  The  papal  bindings  are,  some  of 
them,  decorative  enough,  with  the  tiara  and 
cross  keys,  the  arms  in  each  case  being  those 
of  the  family  of  the  Pope.  But  generally  the 
art  of  decorating  bindings  in  Italy,  from  the 
1 6th  century  onwards,  suffered  a rapid  and 
remarkable  fall,  which  it  has  never  recovered. 
The  Italian  work  not  heraldic,  of  this  period, 
is  frittered  away  in  minute  stamps,  inferior 
in  design,  and  weak  in  combination.  A little 
inlay  of  coloured  leather  is  sometimes  found, 
and  also  there  are  instances  of  stained  and 
painted  leathers. 

2. — France. 

In  France  the  art  of  bookbinding  has  been 
highly  appreciated  for  a long  time,  and  many 
beautifully-illustrated  books  treat  of  the  subject. 

Heraldry  plays  an  important  part  in  the 
history  of  French  bookbinding,  and  for  this 
division  of  book  decoration  a most  valuable 
text-book  exists  in  the  “Armorial  du  Biblio- 
phile ” by  J.  Guigard. 

Such  a book  of  reference  for  English  “ super 
libros  ” is  much  wanted.  To  French  workmen 
we  in  England  owe,  no  doubt,  much  of  our 
excellence  in  book  decoration,  as  in  many 
instances  there  have  been  large  accessions  to 
our  native  workmen,  due  to  the  immigration  of 
Frenchmen,  especially  about  the  time  of  the 
revocation  of  the  Edict  of  Nantes  in  1685,  and 
these  workmen  prospered  here  so  well  that  I 
believe  without  exception  they  came  to  stay. 

From  1401  until  1791  there  existed  in  Paris 
a guild  known  as  that  of  St.  Jean  Latran — an 
account  of  it  will  be  found  in  Thoinan’s  “ Les 
Relieurs  Fran9ais  ” — and  no  doubt  the  encour- 
agement given  to  “booksellers,  printers, 
scribes,  illuminators  and  binders”  by  this 
guild  has  largely  contributed  to  the  generally 
high  level  of  French  bookbinding,  both  from 
the  technical  and  decorative  points  of  view. 
An  interesting  outcome  of  the  existence  of  this 
guild,  which  was  equivalent  to  our  trade 
unions,  was  the  fact  that  the  art,  its  secrets, 
and  special  styles  were  often  preserved  from 
father  to  son  in  the  same  family  continuously 
for  several  generations. 

The  early  i6th  century  French  bindings  are 
generally  in  calf,  stamped  in  blind.  The 
smaller  stamps  are  often  arranged  in  perpen- 
dicular lines,  and  this  characteristic  is  found 


in  the  few  existing  bindings  made  for  Louis  XII 
A commoner  form  is  the  large  panel  stamp, 
usually  of  some  scriptural  subject  and  often 
bearing  the  name  of  the  binder  on  a border. 
Such  are  the  works  executed  by  Jean  Norins, 
Louis  Bloc,  Andre  Boule,  R.  Mace,  and  several 
others,  and  in  these  bindings,  always  in  blind, 
is  no  sign  of  Italian  influence. 

But  from  the  earliest  introduction  of  gold 
tooling  in  French  bindings  the  designs  are 
strongly  of  Italian  character,  the  actual  work- 
manship rapidly  becoming  of  the  highest 
technical  excellence. 

Francis  I.  possessed  several  fine  bindings 
ornamented  with  gold  toolings  ; they  bear  his 
badge  of  a salamander,  and  often  also  his 
crowned  initial.  They  are  sometimes  supposed 
to  have  been  bound  by  the  artist  Geoffrey  Tory, 
who  was  “ Engraver  and  Royal  printer,”  and 
also  bound  books  ornamented  in  gold  with  his 
own  special  designs,  largely  taken  from  Italian 
models,  but  nevertheless  characteristic  of 
himself.  Whether  Tory  bound  any  of  the  fine 
bindings  of  Francis  I.  is  not  certain,  but  he  is 
credited  with  having  to  some  extent  designed 
for  Grolier.  Indeed  in  his  “ Champfleury,” 
he  mentions  that  he  had  been  employed  by 
Grolier  to  design  some  letters.  On  Tory’s 
bindings  is  sometimes  found  his  badge  of  a 
vase  “ qui  est  casse,  par  lequel  passe  ung 
toret,”  the  “ toret,”  a play  upon  his  name, 
being  the  instrument  with  which  the  china  was 
pierced  previous  to  putting  in  the  rivets. 

The  French  bindings  executed  for  Jean 
Grolier  are  like  the  Italian  ones,  but  have 
some  small  differences — the  most  notable  being 
that  the  small  leaf-shaped  tools  which  are 
“ solid  ” in  the  Italian  examples  are  “ azures  ” 
or  scored  across  with  lines,  in  the  French. 
Another  peculiarity  is  that  the  fillets  in  ribbons 
which  interlace  so  effectively  in  many  of  these 
bindings  are  sometimes  marked  in  the  French 
examples  with  colour,  black,  red  or  blue. 

The  love  of  colour  probably  reached  its 
strongest  manifestation  in  the  bindings  made 
for  Henry  IL,  Catherine  de  Medicis,  and 
Diane  de  Poictiers,  Duchess  de  Valentinois. 
On  the  bindings  of  each  of  these  collectors  the 
heraldic  element  enters  largely.  The  colour  is 
some  kind  of  enamel  when  used  simply  as  an 
additional  ornament  to  the  gold  tooling,  but 
when  an  entire  coat  of  arms  is  painted,  as  in 
the  case  of  Catherine  de  Medicis’s  copy  of  the 
works  of  Dionysius  Areopagita,  printed  in 
Paris  in  1562,  now  in  the  British  Museum, 
then  simple  oil  colours  alone  are  used.  On 
the  bindings  made  for  Diane  de  Poictiers,  her 
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design  of  an  arrow  with  laurel  and  a tomb 
often  is  found,  with  sometimes  her  coat  of 
arms,  “ Breze  impaling  Poictiers.”  On  the 
later  bindings,  however,  are  generally  found 
bows,  arrows,  quivers,  interlaced  crescents  and 
the  cypher  of  the  two  D’s  reversed,  the 
solution  of  the  monogram  being  still  unsolved, 
and  generally  there  is  a preponderance  of 
white  in  the  colouring. 

On  the  bindings  of  books  for  all  these 
three  personages  occur  monograms,  much  re- 
sembling each  other,  concerning  which  there 
has  been  much  controversy.  On  those  bound 
for  Henry  II.  are  two  D’s  reversed  crossed  by 
a bar,  probably  standing  for  “ Henri  Deux.” 
On  those  bound  for  Catherine  are  H and  C 
interlaced,  and  on  those  bound  for  Diane  are 
simply  two  D’s  reversed.  But  on  most  of  the 
bindings  made  for  all  these  three  personages 
the  king’s  monogram  with  crown  occurs  as  well 
as  the  others. 

The  “semis”  or  powdering  of  a small 
tool  symmetrically  over  the  field  is  found  first 
in  French  books  bound  for  Charles  IX.,  and 
these  were  probably  executed  by  Claude 
Piques,  his  “binder  in  ordinary.”  On  some 
of  Charles  IX. ’s  books  the  royal  coat  of  arms 
is  painted  in  oils  in  the  centre,  and  the 
“ semis  ” is  of  crowned  C.’s.  At  Lyons  during 
the  1 6th  century,  and  later,  were  produced 
numbers  of  beautifully  coloured  bindings,  usu- 
ally small,  of  interlacing  fillets  painted  in  some 
kind  of  enamel. 

All  the  children  of  Henry  II.  and  Catherine 
de  Medicis  seemed  to  have  liked  fine  bindings, 
and  it  is  even  said  that  Henry  III.  was  himself 
an  amateur  in  the  art.  His  bindings  often 
have  upon  them  a death’s  head  and  religious 
mottoes.  In  his  reign  lived  Nicholas  Eve,  one 
of  whose  bindings  is  in  the  British  Museum. 
This  binding  covers  a copy  of  the  Statutes  of 
the  order  of  the  Saint  Esprit,  instituted  by 
Henry  III.  It  is  one  of  the  forty-two  copies 
bound  “ et  converts  de  maroquin  orenge  du 
Levant,  enrichis  d’un  coste  des  armoires  de 
Sa  Majeste  pleines  dorees,  de  I’autre  de  France 
et  de  Pologne,  et  aux  quatre  coins  de  chiffres, 
et  le  reste  de  flammes,  avec  leur  fermoirs  de 
ruban  orenge  et  blue,  suivant  I’ordonnance  de 
M.  le  Chancelier,  du  26  et  quittance  du  27 
dec,  1579.” 

The  orange  of  the  leather  of  this  book  is 
now  faded,  and  the  ties  of  orange  and  blue  are 
nearly  worn  off,  otherwise  the  book  is  in  perfect 
•condition.  It  is  curious  that  the  general  style 
■of  decoration  attributed  to  the  Eves  is  not  like 
that  in  this  book,  but  is  the  kind  known  as 


“a  la  fanfare,”  richly  and  thickly  covered 
with  curving  sprays  of  laurel  and  palm,  spirals 
of  conventional  foliage  and  arabesques  of 
graceful  forms. 

The  workmanship  of  these  bindings  is  very 
skilled,  but  the  design  is  usually  too  full, 
and  not  always  as  consistant  as  it  might  be, 
There  is  very  rarely  any  colour  found  in  them. 
The  style  seems  to  be  common  during  the  time 
when  Nicholas  Eve  was  “ Relieur  du  Roy,” 
and  in  Thoinan’s  “ Les  Relieurs  Fran^ais  ” 
there  are  given  several  names  of  binders  of  the 
time  who  may  have  used  it,  as  also  may  Clovis 
Eve,  the  next  Royal  binder  but  one  to  Nicholas. 

Several  very  fine  instances  of  elaborate  bind- 
ings in  the  “fanfare”  style  were  made  for 
Jaques  Auguste  de  Thou,  President  of  the  Par- 
liament of  Paris  in  the  i6th  century;  for  him 
the  largest  specimens  I have  ever  seen  were 
done.  De  Thou  was  a great  collector  of  books, 
and  besides  the  magnificent  bindings,  usually 
credited  to  Clovis  Eve,  that  were  made  for  him 
were  numerous  simpler  ones,  nevertheless 
most  charmingly  bound  in  splendid  leathers, 
the  colours  of  which  were,  to  some  extent, 
chosen  according  to  the  subject  of  the  books 
they  covered. 

The  centre  ornament  of  these  books  is  the 
coat-of-arms  of  their  owner.  At  first  the 
paternal  coat  alone,  a chevron  between  three 
gadflies,  and  below  it  a monogram  ; then  two 
coats,  his  own  and  that  of  his  first  wife,  Marie 
Barban^on,  with  again  a monogram,  but  this 
time  containing  an  M in  addition  to  the  I.A.T.; 
and  lastly,  again  two  coats,  his  own  and  that 
of  his  second  wife,  Gasparde  de  la  Chastre, 
and  a monogram  containing  her  initials  as 
well  as  that  of  her  husband. 

In  the  17th  century  appeared  the  binders 
Le  Gascon  and  Florimond  Badier,  particularly. 
Their  work  and  methods  wore  very  similar — 
indeed,  some  authorities  consider  them  to  be 
the  same  man.  As  far  as  I have  been  able  to 
see,  however,  Badier’ s work  is  coarser  than 
that  of  “ Le  Gascon.”  Badier  fortunately 
sometimes  signed  his  work,  so  that  his  manner 
can  be  distinctly  ascertained.  Le  Gascon  is 
mentioned  in  the  register  of  the  Guild  of  St. 
Jean  Latran  in  1622.  Badier  married  the 
daughter  of  Jean  Gillede,  binder,  in  1645. 
Mr.  Herbert  P.  Horne  in  the  “ Binding  of 
Books,”  thinks  it  not  unlikely  that  Gillede  was 
“ Le  Gascon.”  There  is  no  doubt  that  most 
exquisite  work  was  done,  usually  on  small  books, 
by  some  very  skilled  workmen  who  invented  a 
new  style  between  about  1630  to  1665.  The 
chief  peculiarity  from  the  finisher’s  point  of  view 
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^bout  the  designs  in  these  bindings  is  the  use 
of  “dots.”  Not  only  are  “dots”  etfectively 
used  by  themselves,  but  even  the  smallest 
tools,  which  were  hitherto  used  solid,  are  scored 
across  so  that  the  impression  instead,  for 
instance,  of  being  a consecutive  one  line  spiral, 
becomes  a spiral  of  brilliant  points.  The 
result  is  an  effect  of  glittering  lacework,  and 
no  style  in  all  the  history  of  decorative  ideas 
applied  to  bookbinding  has  been  so  much 
copied  as  this  of  Le  Gascon. 


Fig.  4. 


Gold  tooled  binding-  in  morocco,  by  Le  Gascon,  in  the 
“ pointille  ” method.  Novum  testamentum  Graece. 
Amsterdam.  1633.  Briiish  Museum. 

His  moroccos  are  sometimes  clouded,  and 
sometimes  in  mosaic,  the  edges  of  the  leaves 
being  generally  gilt,  sometimes  with  marbling 
under  the  gold,  and  sometimes  painted. 
There  is  a strong  resemblance  in  the  “poin- 
tille ” curves  to  work  executed  in  silver  filagree 
with  twisted  wires,  but  whether  this  gave  the 
idea  to  Le  Gascon  is  an  open  question,  I think 
very  likely  it  was  so. 

The  Ruettes — father  and  son — bound  much 
in  the  style  of  Le  Gascon,  but  without  the 
mosaics. 

Ihe  Count  de  IIo3an  had  several  of  his 
bindings  made  by  Boyet,  whose  work  is  notable 
for  its  excellent  technical  qualities,  as  well  as 
for  the  doublures,  or  inner  ornamentation,  with 
which  they  are  often  decorated.  This  binder 
is  also  supposed  to  have  bound  for  Hilaire 
Bernard  de  Requeleyne,  Baron  de  Longepierre, 
an  amateur  writer  of  plays,  one  of  which  only 
reached  some  amount  of  popularity.  This  was 
called  “ Medea,”  and  in  allusion  to  it  his  books 


usually  have  upon  them  a charmingly  cut 
stamp  of  a golden  fleece.  Du  Seuil,  although 
his  name  occurs  in  many  sale  lists,  and  he  was 
actually  one  of  the  binders  in  ordinary  to  Louis  | 
XV.,  has  left  no  instance  of  work  that  can  ! 
positively  be  known  as  his.  ' 

The  family  of  the  Padeloups  gave  five 
generations  of  binders  to  the  world,  the  most 
celebrated  of  them  was  Antoine  Michel, 
called  “le  jeune.”  He  was  appointed  binder 
in  ordinary  to  Louis  XV.  in  1633,  in  con- 
junction with  Du  Seuil,  who  had  married  his 
cousin,  and  he  was  one  of  the  wardens  of 
the  Guild  of  St.  Jean.  Padeloup  le  jeune 
often  attached  his  ticket  to  his  bindings,  so 
that  we  can  sometimes  in  his  case  be  quite 
sure  of  the  binder.  He  invented  what  is  called 
the  “ Dentelle  ” bindings,  the  borders  being 
very  broad  and  extending  inwards  from  the 
outer  edges  of  the  boards  towards  the  centres 
in  an  irregular  manner,  somewhat  resembling 
a piece  of  lace  edging.  Padeloup  also  deco- 
rated several  of  his  books  with  symmetrical 
patterns  repeated  all  over  each  board  with 
small  inlays  of  coloured  leather.  The  taste 
for  these  inlaid  or  mosaic  bindings  rapidly 
spread  in  France.  Among  the  best  of  the 
many  excellent  workmen  who  made  them 
during  the  i8th  century,  may  be  mentioned  Le 
Monnier,  who  recovered  his  freedom  in  1757, 
Jacques  Antoine  Derome,  and  Nicholas  Denis 
Derome.  The  Deromes’  bindings  resemble 
those  of  Padeloup  in  many  particulars,  the 
dentelle  style  of  border  especially  is  often  used, 
and  often  the  stamp  of  a little  bird  with  out- 
stretched wings  is  worked  into  it ; when  this  • 
occurs  it  is  called  “ Dentelle  a I’oiseau.” 
There  were  about  fifteen  members  of  the  family 
of  the  Deromes  who  were  binders,  but  the  two 
mentioned  are  best  known,  the  latter  being 
called  “le  jeune.”  Derome  le  jeune  often  put 
tickets  in  his  books;  he  is  considered  to  have 
sinned  in  the  technical  peculiarity  of  having 
cut  the  edges  of  his  book  too  far  inwards 
towards  the  text — this  is  called  “ cropping.” 

He  is  also  generally  supposed  to  have  been  the 
first  great  binder  to  use  the  saw  in  the  backs 
of  his  books,  so  as  to  sink  the  bands  to  more 
easily  produce  the  flat  backs.  This  plan  was, 
however,  actually  used  in  England  on  em- 
broidered books  in  the  17th  century. 

The  Lemonniers,  twenty  of  which  family  are 
known  binders,  were  all  excellent  workmen,, 
the  best  known  being  a father  and  son — 
Louis  Fran9ois  and  Jean  Charles;  the  younger 
of  these  two  used  sometimes  a ticket  inside  the 
book,  and  sometimes  the  name  “ Le  Monnier 
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stamped  on  the  outside  of  the  bindings  them- 
selves. 

One  exquisite  specimen  of  a Le  Monnier 
binding  is  exhibited  in  one  of  the  binding  show- 
cases in  the  King’s  Library  at  the  British 
Museum.  It  is  a copy  of  the  Bible  printed  at 
Cologne  in  1739,  the  design  being  the  same  on 
each  side.  The  binding  itself  is  red  morocco, 
and  on  each  board  is  a gracefully  vandyked 
border  inlaid  with  cream  coloured  calf,  in  the 
corners  and  spaces  on  which  are  small  flower 
groups  with  leaves  all  inlaid  in  differently 
coloured  pieces  of  morocco,  on  which  is 
delicate  gold  tooling,  the  lines  of  junction  of 
the  little  pieces  of  leather  being  always  care- 
fully covered  with  a gold  line.  In  the  red  space 
within  the  border  is  a very  graceful  spray  of 
conventional  flowers,  with  buds  and  leaves,  all 
inlaid  in  a similar  way,  and  gold  tooled  as 
well.  On  the  rib  of  one  of  the  larger  leaves  is 
the  word  “ monnier,”  and  it  is  also  on  the 
lower  edge  of  the  books,  impressed  in  gold. 
The  whole  of  the  red  ground  is  covered  with  a 
series  of  gold  dots. 

The  books  which  belonged  to  the  three 
daughters  of  Louis  XV.,  are  sometimes  met 
with  out  of  large  museums.  They  are  simply 
and  prettily  bound  with  the  same  Royal  coat 
of  arms,  but  are  remarkable  because  they  are 
bound  in  leather  of  distinctive  colours.  Those 
which  belonged  to  Madame  Adelaide  being  in 
red,  those  which  w’ere  the  property  of  Madame 
Sophie  and  Madame  Victorie,  respectively, 
being  in  citron  and  olive. 

Later,  the  tradition  of  fine  bindings  among 
the  French  has  been  well  maintained  by  the 
fine  work  of  such  binders  as  Duru,  Thouvenin, 
Trautz  - Bauzonnet,  Cape,  and  many  others, 
technically  of  the  highest  excellence,  but  from 
the  artistic  aspect  wanting  in  originality  and 
life. 

3. — Germany. 

As  a whole,  the  most  noticeable  peculiarity 
about  the  German  bindings  from  the  i6th 
century  onwards  is  the  prevalence  of  panel 
stamps  w’ith  portraits.  On  the  earlier  cut 
leather  work  exist  several  figures — saints  and 
monks — but  the  identity  of  these,  I think,  is 
not  known  ; it  is,  indeed,  possible  they  are  not 
portraits  at  all,  but  the  large  majority  of  the 
panel  stamped  portraits  are  named.  Dates 
are  also  often  found  on  them,  and  they  are 
always  on  calf,  vellum,  or  pigskin. 

The  gold  used  on  German  bindings  of  all 
periods  is  curiously  inferior.  It  has  often 
changed  colour  completely,  and  is  now  quite 
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black  ; at  other  times  it  has  a strong  coppery 
tinge,  and  again  is  very  pale.  The  decorators 
of  these  books  trusted  to  the  fine  impressions 
on  the  leather  to  impart  distinction  and  beauty 
to  their  work,  and  in  many  cases  they  w'ere 
fully  justified. 

Several  German  bindings  bear  portraits  of 
personages  connected  more  or  less  closely 
with  the  Augsburg  Confession,  proclaimed  at 
Augsburg  in  1530  by  John,  Elector  of  Saxony, 
whose  portrait  occurs  in  gold  on  a copy  of  the 
Confession  itself,  surrounded  by  small  stamps 
in  blind  of  Moses,  St.  Paul,  the  Agnus  Dei, 
&c.  The  portrait  of  another  strong  adherent 
of  the  “ Confessio  des  Glaubens,”  Graf 
Churfurst  Friedrich  Pfalcz,  adorns  another 
binding,  dated  1561.  He  is  surrounded  by  a 
roll  stamp  on  which  are  portraits  of  Erasmus, 
Martin  Luther,  Philip  Melanchthon,  and  John 
Hus,  some  of  them  bearing  the  dates  1554  and 
1559.  Besides  the  roll  are  other  rather  larger 
stamps  with  representations  of  David  with  a 
harp,  St.  Paul,  the  Ancient  of  Days,  and 
allegorical  figures  of  Hope,  Prudence,  Faith, 
and  Justice.  This  Churfurst  Friedrich  was  an 
important  person.  He  promulgated  a “ Con- 
fession of  Faith  ” of  his  own,  and  took  part  in 
the  election  of  the  Emperor  Maximilian  II., 
who  afterwards  summoned  him  before  him  to 
justify  some  of  his  religious  opinions. 

Certainly  one  of  the  finest  panel  stamps 
used  on  German  bindings  is  one  of  the  Emperor 
Charles  V.  The  emperor  is  in  full  armour, 
with  a sword  in  his  right  hand  and  an  orb 
in  his  left.  His  helmet  is  by  his  side.  Above 
his  head  are  the  arms  of  Germany,  and  in  the 
corners  the  Arms  of  Aragon,  Aragon-Sicily, 
and  Spain,  of  which  countries  Charles  was 
king.  On  the  columns  on  each  side  of  him 
winds  a ribbon,  with  the  words  “ Plus  ultra 
Carol  Quint,”  and  beneath,  in  a long-shaped 
panel,  the  inscription,  “ Carole,  mortales  dubi- 
tant  Plomo  Sisne  Deusve.  Sunt  tua  sceptra 
hominis  sed  tua  facta  Dei.”  The  engraving 
of  this  panel  is  wonderfully  fine,  it  is  like  a 
beautiful  medal  in  leather. 

Charles  resigned  his  crown  in  1556,  and  in 
1557  he  became  a monk  in  the  monastery  of 
St.  Just  in  Estremadura,  his  chief  amusement 
being  to  try  to  make  two  clocks  of  his  own 
workmanship  keep  perfect  time  together.  On 
books  ornamented  with  this  stamp,  an  equally 
fine  one,  probably  cut  by  the  same  artist,  of 
John  Frederick  IL,  Duke  of  Saxony,  occurs  on 
the  other  side. 

Luther  and  Melanchthon  have  perhaps  been 
more  represented  on  bookbindings  than  any 
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other  persons.  Portraits  of  them,  of  all  sizes, 
from  full  length  to  very  small  roll  stamps,  are 
commonly  found,  sometimes  in  gold,  but  usually 
plain,  and  very  frequently  with  dates  added ; 

Fig.  5. 


German  binding  in  pigskin  with  panel  stamps  in  blind  of 

Martin  Luther  and  Melanchthon.  Dated.  Briiish 

Museum. 

the  stamps  themselves  are  not  of  particularly 
good  workmanship,  and  they  are  impressed 
both  on  calf  and  pigskin.  A very  fine  panel 
stamp  exists  of  Maximilian  II. , Emperor  of 
Germany,  who  died  in  1576.  This  stamp,  as 
far  as  I know,  is  always  on  vellum  or  pigskin. 
The  emperor  is  crowned,  and  is  in  royal 
robes,  over  armour.  He  carries  a sceptre  in 
his  right  hand,  and  an  orb  in  his  left,  and 
round  his  neck  the  jewel  of  the  Order  of  the 
Golden  Fleece.  At  the  top  are  two  escut- 
cheons, one  bearing  the  double-headed  eagle 
of  Germany,  the  other  the  arms  of  Spain 
quartered  with  Sicily.  Beneath,  in  an  oblong 
panel,  are  the  words,  “ Maximilianvs  II. 

D.G.  ROM.  IMP.  SEM.  AVGVS.  GERMA.  HVNGA. 
liOHEMI.  ETC.  REX.  ARCHID.  AVSTRI.  DVX 
SILESIE. 

Besides  these  great  people,  there  are  hosts 
of  others  represented  in  a similar  kind  of  way, 
from  simple  preachers  like  “ Primus  Truber 
Carnio,”  to  grandees  like  Louis  the  Pious, 
Duke  of  Wiirtemburg,  with  very  often  on  the 
other  side  elaborate  coats  of  arms  with  many 
quarterings  and  many  crests. 

Some  of  the  i6th  century  German  bindings 
have  chains  attached  to  them;  no  doubt  they 
were  chained  to  the  shelves  or  desks  on  or  in 
which  they  were  kept.  Others,  again,  have 
long  projecting  tags  of  leather,  with  a button 
at  the  end  to  fasten  to  a belt. 

Bindings  in  metal  were  made  to  a consider- 
able extent  in  Germany,  some  of  fine  work- 
manship, An  especially  good  e.xample  covers 
a copy  of  Bassiere’s  “ Flosculi  Historiarum,” 
now  in  the  British  Museum.  On  each  side 
is  a delicate  panel  of  filagree  silver  work, 
over  gilt,  having  in  the  centre  an  elon- 


gated silver  oval  with  niello  designs  upon  it  in 
dark  grey.  The  borders  are  also  ornamented 
with  niello.  This  binding  is  probably  i6th 
century  wmrk,  earlier  than  the  work  it  now 
covers.  A fine  17th  century  example  of  pierced 
and  engraved  metal  work,  with  a curiously 
jointed  double  back,  is  a copy  of  Orteln’s 
“ Frauenzimmer  Spiegel.”  It  is  gilt,  over  satin, 
and  has  flat  metal  caps  over  the  inner  edges  of 
the  leaves  at  the  head  and  tail  of  the  book. 

In  the  1 8th  century  many  bindings  in  silver, 
much  alloyed,  were  made  in  Germany.  They 
are  usually  repousse,  or  stamped  up  in  a more 
or  less  artistic  manner,  and  often  have  portraits 
of  eminent  personages  upon  them.  They  are 
best  when  only  arabesque  or  floral  designs  are 
on  them,  and  are  much  like  Dutch  work — 
indeed,  it  is  often  difficult  to  say  whether  they 
are  really  Dutch  or  German. 

At  all  times  there  arc  many  names  of  German 
binders  upon  the  bindings  themselves.  These 
names  are  generally  upon  a short  ribbon.  The 
best  known  among  them  are  perhaps  John 
Sulczpach,  Johannes  Hagmeyer,  Ambrose 
Keller,  and  Johannes  Vogel,  all  early  binders. 
Besides  these  full  names  are  many  initials. 
Later  Dutch  bindings  are  often  ornamented 
wuth  w^ater-colour  silver  paint  in  addition  to 
the  gold  tooling. 

The  Dutch  imitated,  w'ith  marked  success, 
most  of  the  well-known  styles  of  binding. 
Magnus  and  Poncyn,  both  of  Amsterdam,  are 
amongst  the  best  imitators  of  Le  Gascon.  The 
English  embroidered  books  have  been  more 
copied  by  the  Dutch  than  any  other  nation. 
Many  of  the  edges  of  Dutch  books  are  very 

Fig.  6. 


Dutch  binding  in  tortoiseshell  with  silver  mounts. 
Jewish  prayers.  Amsterdam.  1667.  British  Museum. 

elaborately  painted.  In  Holland,  however, 
one  style  seems  to  have  been  invented,  namely, 
the  very  decorative  bindings  in  tortoiseshell, 
or,  as  it  should  be  called,  turtleshell.  They 
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are  usually  strengthened  with  metal  clasps 
and  corners,  and  if  in  good  condition  are  very 
decorative  (Fig.  6).  In  Spain  also  tortoiseshell 
was  used  with  fine  effect,  the  metal  work 
being  of  a finer  kind  than  the  Dutch.  Little 
is  known  in  this  country  about  Spanish 
bindings.  Those  that  are  to  be  found  in 
our  great  libraries  are  usually  heraldic  and 
decorative,  and  of  good  design  and  workman- 
ship. The  same  may  be  said  of  Portuguese 
bindings.  In  the  East,  in  comparatively 
recent  times,  an  interesting  kind  of  work  was 
invented,  probably  originating  in  Persia  som.e- 
where  about  the  beginning  of  the  i6th  century. 
These  bindings  are  of  paper  boards,  covered 
with  some  kind  of  white  paste,  on  which  are 
paintings  of  more  or  less  delicacy,  which  were, 
when  finished,  varnished  thickly  with  a 
yellowish  glaze.  Some  of  the  earliest  of  these 
Persian  bindings  are  of  great  delicacy  and 
beauty,  often  representing  hunting  scenes,  but, 
through  the  excessive  darkening  of  the  varnish 
upon  them,  they  are  almost  impossible  to  see, 
and,  as  far  as  I have  found,  quite  impossible  to 
photograph.  The  style  was  quickly  taken  up 
in  India,  and  bindings  of  this  kind  are  common 
enough,  varying,  however,  from  the  simplest 
arabesque  borders  only,  to  most  elaborate 
battle  scenes.  One  I show  on  the  screen 
represents  the  Battle  of  Karnul,  with  in- 
numerable soldiers,  elephants,  cavalry,  camel 
corps,  and  portraits  of  Nadir  Shah  and 
Mohammad  Shah.  The  binding  measures 
2 feet  by  foot,  and  covers  a manuscript 
history  of  the  Mohammedan  dynasties  in  the 
East. 


Lantern  Slides  shown  at  the  Second  Lecture. 
Italian. 

1.  Gold  tooled  and  blind  stamped  binding  in  calf, 

with  Arabic  designs  and  letters.  Virgilius. 
Opera.  Venetian  {.^).  c,  1500. 

2.  Red  morocco  Florentine  binding,  gold  tooled 

and  blind  stamped,  with  cameo  portraits  of 
Alexander  the  Great  and  Philip  of  Macedon  in 
sunk  circles,  with  plaited  leather  clasps.  Greek 
Anthology,  c.  1500. 

3.  Caineo  binding  in  morocco,  with  designs  of 

Horatius  Codes  and  Curtins ; hand  coloured. 
Celsus.  De  Medicina.  Belonged  to  Jean 
Grolier.  Venice,  c.  1500. 

4.  Blue  morocco  binding  made  for  Tommaso  Maioli, 

with  inlay  of  citron  ; gold  tooled.  Hypneroto- 
machia  Polyphili.  Venice,  c.  1500. 

5.  Venetian  binding  in  dark  blue  morocco,  richly 

gold  tooled  with  leaves  and  Arabic  knots. 
Petrarch.  Canzoni.  Venice.  1501. 


6.  Florentine  binding  in  brown  morocco,  blind 

tooled,  and  with  cameo  portrait  of  Julius 
Ca2sar  in  sunk  circle.  Bonini  Enchiridion. 

1514- 

7.  Florentine  binding  in  dark  olive  morocco,  with 

rich  gold  tooling  and  blind  lines.  Caesar’s 
Commentaries.  15^4. 

8.  Binding  in  calf,  with  gold  tooling  and  blind  lines  ; 

made  for  Jean  Grolier.  Witichind.  Saxonis 
rerum  libri.  Basiltae.  1532. 

9.  Binding  in  dark  olive  morocco,  gold  tooled 

(belonged  to  Demetrio  Canevari,  physician  to 
Pope  Urban  VII.),  with  cameo  stamps  of 
Apollo  driving  a chariot;  coloured  by  hand. 
Polydorus  Vergilius  de  Hist.  Anglica.  Basileae. 

1534- 

10.  Venetian  binding,  with  sunk  panels  in  the  oriental 
fashion,  partly  stamped  in  gold  and  partly 
coloured  by  hand.  A presentation  book  to 
Oueen  Elizabeth,  with  her  arms  and  name. 
Mascher.  II  fiore  della  Retorica.  1560. 
ir.  Binding  with  the  arms  of  the  Foscarini  family  in 
gold.  Quirino.  Curso  delle  ragione  dell 
Republica  di  Venetia.  Venice. 

12.  Italian  binding  in  red  morocco,  with  fine  gold 

tooling  and  fan-shaped  comers  ; small  inlays 
of  coloured  leathers.  Ripamonti.  Hist.  Patriae 
Mediolani.  1641. 

13.  Binding  in  red  morocco  made  for  Pope  Clement 

XL,  with  his  arms  in  gold.  Michel.  Con- 
futatio  libri.  See.  Landishuti.  1719. 

14.  Binding  in  red  morocco  made  for  Henry  Benedict, 

Cardinal  York,  with  his  arms  in  gold.  Stellato. 
In  Fidei  controversiis  Interrogatio,  Sec.  Vienna?. 

1752. 

Trench. 

15.  Binding  in  calf  with  perpendicular  lines  of  small 

tooling  in  gold  and  blind.  Ihesented  to 
Henry  VIII.,  with  his  arms  coloured  by  hand. 
Galen.  Methodus  Medendi.  Paris.  1519. 

16.  Calf  binding  made  for  Francis  I.,  gold  tooled, 

with  his  arms,  initials,  and  device  of  a sala- 
mander. Suetonius  Tranquillus.  XII.  Ctesares. 
Venice.  1521. 

17.  Binding  in  brown  calf,  supposed  to  be  by 

Geoffrey  Tory,  gold  tooled,  with  his  mark  of 
a broken  pitcher.  Petrarca.  Opera.  Vinegia. 

1525- 

18.  Binding  made  for  Jean  Grolier;  gold  tooled  in 

arabesques  and  with  fillets  coloured  red  and 
green.  Macchiavelli.  II  Principe.  Vinegia. 
1540. 

iq.  Binding  in  pale  brown  morocco,  made  for  Diane 
de  Poictiers,  Duchessc  de  Valentinois;  gold 
tooled,  with  some  white  colour.  ^Moschopuli 
de  ratione  c.xam.  orationes  libellus.  Lutetice. 

1545- 

20.  Calf  binding,  with  gold  tooled  arabesques  and 
fillets  freely  coloured  in  white,  red,  green,  and 
blue.  Horae  in  laudem  Virginis  Mariae.  Paris. 

1549* 
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21.  Calf  binding  made  for  Henry  II,  of  France.  In 

the  centre  is  a gold  medallion  portrait  of  the 
king,  gold  tooled,  with  arabesques  and  fillets 
freely  coloured  in  white,  pink,  and  green. 
Coustumes  du  Bailliage  de  Sens.  Sens.  1556. 

22.  Olive  morocco  binding  made  for  Katharine  de 

Medici,  with  her  arms  painted  by  hand  in  the 
centre  ; gold  tooled,  with  arabesques  and  fillets 
richly  coloured  by  hand.  Dionysius  Areopagitae. 
Opera.  Paris.  1561. 

23.  Binding  credited  to  Clovis  Eve.  Made  for 

Marguerite  de  Valois,  with  her  arms  elaborately 
gold  tooled  on  red  morocco.  Caesar.  Com- 
ment, libri.  Paris.  1564. 

24.  Binding  by  Nicholas  Eve  in  orange  morocco  (one 

of  42  copies  made  by  him  for  Henry  HI.  of 
Erance),  with  the  royal  arms  of  France  and 
Poland  ; semis  of  fleurs  delysand  flames  ; gold 
tooled.  Le  Livre  des  Statuts  de  I’ordre  du 
Saint  Esprit,  &c.  Paris.  1578. 

25.  Binding  in  red  morocco  made  for  Henry  IV.  of 

France,  with  the  arms  of  France  and  Navarre ; 
gold  tooled.  De  Thou.  Historia  mei  temporis, 
&c.  Paris.  1604. 

26.  Binding  by  Le  Gascon ; red  morocco,  with  com- 

partments inlaid  in  olive  and  citron ; elabo- 
rately gold  tooled  in  the  pointille  manner. 
Chacon.  Hist.  Belli  Dacici,  &c.  Romae.  1616. 

27.  Binding  made  for  the  historian,  J.  A.  De  Thou, 

with  his  arms  impaled  with  those  of  his  second 
wife,  Gasparde  de  la  Chastre.  The  leather  has 
been  stamped  with  a pattern  before  being  put 
on  the  book ; gold  tooled.  Phaedrus.  Fab. 
./Esopiarum  libri.  Paris.  1617. 

28.  Small  binding  by  Le  Gascon  on  red  morocco, 

beautifully  tooled  in  gold  in  the  pointille 
manner.  New  Testament  in  Greek.  Amster- 
dam. 1633. 

29.  Mosaic  binding  by  Padeloup  le  jeune ; yellow 

morocco,  with  inlays  of  red  and  dark  green  ; 
gold  tooled ; small  geometrical  design  repeated 
all  over  each  board.  Longus.  Daphnis  et 
Chloe.  Paris.  1718. 

30.  Mosaic  bindings  by  Le  Monnier ; red  morocco, 

with  coloured  inlays  of  floral  design;  gold 
tooled.  Bible.  Cologne.  1736. 

31.  “ Dentelle  a I’oiseau  ” binding  in  blue  morocco ; 

gold  tooled.  By  Derome  le  jeune.  Pulci. 

■ Moi-gante  Maggiore.  Venetia.  1546,  but 
bound  about  1770. 

oi  German, 

32'.- Binding' by  Jean  Richenbach,  dated  1475;  pig- 
skin;  blind  tooled,  with  colour.  Jac.  de 
Voragine.  Tabula  Festivitatum,  &c. 

33.  Cut  and  stamped  calf  binding  ; design  of  monk  at 
' ' reading  desk.  Rainerus  de  Pisa.  Pantheo- 
logia.  Basle,  c.  1500. 

'3^.  Calf  binding,  with  gold  stamped  portrait  of  John, 
Elector  of  Saxony,  with  blind  stamped  roll 
having  small  panels  with  portraits— -Moses,  St. 


Paul,  &c.  Augsburg  confession.  AVittenburg. 

1531- 

35.  Calf  binding,  with  gold  stamped  portrait  of  Grai| 

Churfurst  Eriedrich  Pfalcz,  and  date  i5or,| 
with  blind  stamped  roll  bearing  portraits  o|i 
Erasmus,  Martin  Luther,  Melanchthon,  and; 
John  Hus  ; and  others  of  David,  St.  Paul, 
Hope,  Prudence,  &c.  Bullinger.  De  online, 
erroris,  &c. 

36.  Gold  tooled  calf  binding,  dated  1565,  with 

portraits  of  Primus  Truber,  Consul  Histranus,> 
and  Antonius  Dalmata.  New  Testament  in, 
Crobatisch.  Tubingen.  1563. 

37.  Blind  stamped  binding,  with  date  1570  in  gold; 

large  panel  portraits  finely  cut  on  each  side. 
On  the  upper  board  is  a portrait  of  Charles  V., 
Emperor  of  Germany,  with  the  anns  of  Ger- 
many and  Spain  and  his  badge  of  double' 
columns,  on  which  is  a ribbon  with  the  words, 

“ Plus  ultra  Carol’  Quint ; ” on  the  lower  board 
is  a portrait  of  John  Fredenck  II.,  Duke  of 
Saxony.  Christian  Catechism.  Lipsise.  C.  1570. 

38.  Vellum  binding,  with  panel  bust  stamps  of  Luther 

and  Melanchthon  in  blind,  dated  1578.  Theo- 
logical tracts  of  the  16th  century. 

39.  Pigskin  binding,  finely  ornamented  in  blind  with 

arabesque  borders,  and  having  in  the  centre  a 
beautifully  cut  portrait  of  the  Emperor  Maxi- 
milian II.  in  armour,  with  crown,  orb,  and 
sceptre.  Niirnbergische  Cronica.  1592. 

40.  Pigskin  binding,  ornamented  with  arabesques  in 

blind ; in  the  centre  an  oval  with  portrait  of 
Louis  the  Pious,  Duke  of  AViirttemberg,  on 
the  other  side  his  coat  of  arms.  Aristotle. 
Franc.  1592. 

41.  Silver  binding,  with  niello  work  and  filagree  over- 

gilt ; earlier  work  than  the  book  it  covers. 
Bassieres.  Flosculi  Historiarum.  Col.  Agripp. 
1688. 

42.  Silver  binding,  highly  repousse  arabesques  en- 

closing oval  portraits  of  Frederick  HI.,  Elector 
of  Brandenburg,  afterwards  Erederick  I.  of’ 
Prussia,  his  wife,  Sophia  Charlotte,  and  others. 
Castelli.  II  Pastor  Infido.  i8th  century. 

Dutch. 

43.  Red  velvet  richly  embroidered  in  gold  threads, 

with  the  arms  of  James  I.  of  England  ; sprays 
of  roses  and  thistles  in  the  corners.  Acta 
Synodalis  Nationalis  Dordrechti  Habitae. 
Leyden.  1620. 

44.  Tortoiseshell  binding,  with  silver  centrepiece, 

clasps,  and  corners.  Jewish  Prayers.  Amster- 
dam. 1667.  j 

Spanish. 

45.  Spanish  binding  in  calf,  gold  tooled,  with  arms  of| 

Philip  II.  of  Spain.  Guntherus  Cisterciensis. 
De  gestis  Imp.  Caes.  Friderici  Primi,  &c. 
Augsburg.  1507. 
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Portuguese. 

46.  Portuguese  binding  in  black  calf,  gold  tooled, 
Avith  floral  arabesque.  Ximenes.  Libro  dela 
Restauracion  del  hombre.  Lisboa.  1608. 


Miscellaneous. 


MINES  AND  QUARRIES. 

Dr.  C.  Le  Neve  Foster’s  general  report  and 
statistics  for  the  year  1897,  relating  to  the  mines  and 
quarries  in  the  United  Kingdom,  has  been  issued  as 
a Parliamentary  Blue-book.  It  appears  that  the 
total  number  of  persons  employed  at  all  the  mines 
under  the  Quarries  Act  in  the  United  Kingdom  and 
the  Isle  of  Man,  during  the  year  1897,  was  852,083, 
of  whom  728,713  were  employed  in  or  about  mines, 
and  123,370  in  or  about  quarries.  Of  the  728,713 
persons  employed  at  mines,  578,226  worked  below 
ground,  and  150,487  above  ground,  and  of  the  latter 
5,074  were  females.  Compared  with  the  previous 
year,  there  was  an  increase  of  1,901  males  working 
below  ground,  and  an  increase  of  1,049  males,  and  a 
decrease  of  40  females  working  above  ground,  making 
a net  increase  of  2,910  persons.  During  the  two 
prenous  years,  a considerable  diminution  had  to  be 
recorded.  The  number  of  females  working  at  mines 
is  decreasing  gradually.  At  collieries  their  work 
consists  principally  in  “banking  the  tubs,”  or  draAv- 
ing  mine  Avaggons  from  the  cages,  running  these 
Avaggons  to  the  Aveighing  machines,  screens,  and 
tips,  greasing  the  AA^aggons,  cleaning  the  safety 
lamps,  picking  out  any  Avaste  rock  from  the  coal,  or 
separating  ironstone  from  shale,  attending  to  offices, 
and  acting  as  messengers.  In  the  case  of  ore  mines, 
they  are  employed  for  picking,  breaking  Avith 
hammers,  and  attending  to  ore-Avashing  machinery 
and  appliances.  The  Avork  is  stated  to  be  healthy  in 
all  cases. 

Accidents. — It  is  stated  that  there  AA’ere  1,015 
separate  fatal  accidents  in  and  about  all  the  mines  and 
quarries,  more  than  20  feet  deep,  in  the  United  King- 
dom, involving  the  loss  of  i,  102  lives,  shoAving,  on  com- 
parison Avith  the  previous  year,  an  increase  of  1 1 in 
the  number  of  accidents  and  a decrease  of  86  in  the 
number  of  lives  lost.  Eight  hundred  and  ninety-seven 
of  these  accidents,  involving  the  loss  of  979  lives, 
occuned  in  collieries,  and  118,  involving  the  loss  of 
123  lives,  in  quarries.  With  one  exception  no  acci- 
dent in  mines  caused  more  than  ten  deaths,  Avhile 
in  1896  the  death  roll  Avas  SAvollen  by  three  great 
disasters.  Dr.  Foster  clraAvs  attention  to  the  fact 
that  the  decrease  in  the  death-rates  mentioned  in  the 
tAvo  preAious  reports  continues,  and  that  those  for 
, 1897  are,  in  fact,  the  loAvest  hitherto  recorded.  So 
I far  as  explosions  of  fire  damp  or  coal  dust  arc  con- 
cerned, the  year  1897  is  described  as  an  “annus 
1 mirabilis,”  for  the  deaths  by  accidents  from  explosions 
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formed  a smaller  proportion  of  the  total  numl)er  of 
fatalities  than  in  any  previously  recorded  year,  the 
exact  proportion  being  only  1-9  per  cent.  An 
examination  of  the  causes  of  these  accidents  brings 
to  light  two  striking  facts — first,  that  most  of  them 
Avere  due  to  open  flame,  either  of  naked  lights,  of 
matches,  or  of  safety  lamps  illegally  opened  ; and, 
second,  that  not  a single  fatal  ignition  of  gas  or 
coal  dust  can  Avith  certainty  be  ascribed  to  the  flame 
of  an  ex])losivc  in  shot-firing.  Falls  of  grounrl,  on 
the  other  hand,  Avere  responsible  for  490  deaths. 
Dr.  Foster  suggests  that  by  a more  lil)cral  use 
of  props,  many  of  the  fatalities  might  have  l>cen 
avoided.  The  roof,  he  says,  should  be  supjmrted 
systematically,  the  maximum  inters-al  betA\-een  two 
props  being  laid  doAvn  by  sj)ecial  rules.  He  calls 
attention  again  to  the  fact  that  the  German  riovem- 
ment  have  appointed  a commission  to  inquire  into  the 
question  of  accidents  from  falls  of  ground,  and 
expresses  an  emphatic  opinion  that  good  must 
necessarily  come  from  a similar  incjuiry  in  this 
country.  In  spite  of  the  increased  number  of  j)ersons 
using  shafts,  the  list  of  the  shaft  fatalities  is  smaller 
than  it  AA^as  in  1896.  The  number  Avas  only  49,  as 
against  68,  or  only  6 per  cent,  of  the  total  number  of 
fatalities.  A lamentable  increase  is  recorded  in  the 
number  of  miscellaneous  fatal  accidents  underground 
— an  increase  from  235  in  1896  to  307 — the  per- 
centage to  the  total  being  no  less  than  31 ‘4;  but  a 
satisfactoiy  diminution  in  the  number  of  fatal 
accidents  on  the  surface — 103  as  against  129  in  1896 — 
is  shoAA'n. 

Prosecutions. — During  the  year  107  prosecutions  of 
OAA'ners,  managers,  &c.,  for  offences  under  the  Mines 
Acts,  AA'ere  instituted,  and  conA'ictions  Avere  obtained  in 
88  cases,  AA'hile  proceedings  Avere  taken  in  521  cases 
against  Avorkmen,  in  506  of  AA’hich  the  offenders  Avere 
convicted.  In  no  less  than  93  cases,  men  Avere  found 
contravening  the  rules  about  matches  and  smoking, 
and  there  Avere  49  breaches  of  the  rules  concerning 
explosives. 


COD  AND  LOBSTER  HATCHING  IN  THE 
UNITED  STATES. 

In  the  latter  half  of  1895,  a neAv  fish  hatchery, 
under  the  direction  of  the  United  States  Fish  Com- 
mission, Avas  established  at  a small  place  called  Ten 
Pound  Island  in  Massachusetts  Bay,  and  in  the 
autumn  of  1897  there  AA'ere  hatched  and  “planted” 
in  the  Avaters  of  the  bay  over  60,000,000  small  cod 
fry.  At  the  end  of  the  year  some  30,000,000  eggs 
Avere  still  in  process  of  hatching.  The  number  of  eggs 
successfully  hatched  is  much  greater  in  the  early  than 
in  the  latter  half  of  the  season,  Avhen  only  54  }xw 
cent,  of  the  eggs  are  successfully  hatched  in  projwr- 
tion  to  the  first  half.  Sir  D.  Colnaghi,  H.M.  Consul 
at  Boston,  says  that  men  proficient  in  stripping  a 
codfish  of  its  spaAvn  are  put  on  board  the  shore 
fishing  boats  Avhich  land  tlicir  catch  at  Kittcry, 
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Maine^  in  the  proportion  of  one  man  to  each  boat. 
As  the  fish  are  taken  alive  from  the  water,  they  are 
inspected  and,  if  suitable  for  the  purpose,  are  stripped 
of  their  eggs,  which  are  placed  in  jars  and  forwarded 
to  Gloucester,  Massachusetts.  More  or  less,  the  eggs 
are  injured  in  transit,  but  it  has  been,  on  the  whole, 
advantageous  to  forward  them  to  Ten  Pound  Island, 
where  good  results  in  hatching  have  been  obtained. 
Nature  is  followed  as  far  as  possible  in  the  hatching 
process,  the  eggs  being  placed  in  perforated  boxes 
and  sea  water  direct  from  the  ocean  being  con- 
tinuously pumped  through  the  boxes,  so  that  the 
temperature  may  be  as  nearly  as  possible  the  same  as 
that  of  the  ocean.  As  soon  as  the  eggs  are  hatched, 
the  small  fish  are  planted  or  released  in  the  waters  of 
Massachusetts  Bay  and  have  to  rely  on  themselves, 
the  same  as  the  fry  spawned  in  the  open  ocean. 
Ipswich  Bay,  Massachusetts,  and  the  contiguous 
waters  appear  to  be  a favourite  spawning  ground  for 
codfish,  and  the  artificially  - hatched  fry,  therefore, 
mingle  with  the  many  others  of  their  kind  and  take 
the  same  chances  in  the  struggle  for  existence.  There 
are,  of  course,  no  data  on  which  to  base  any  calcula- 
tion as  to  the  per-centage  of  artificially-hatched  fry 
which  reach  maturity,  but  the  officers  of  the  Fish 
Commission  claim  that  the  fish  released  by  them  are 
hardier  in  proportion,  the  weaker  ones  having  been 
sifted  and  the  stronger  alone  planted.  As  regards 
the  success  of  the  hatchery,  it  is  proved  that  since  the 
Fish  Commission  commenced  operations  the  supply 
has  certainly  increased.  Some  years  ago  so  few 
codfish  were  taken  by  the  shore  fishermen,  that  the 
fishery  had  become  unreinunerative,  but  at  the  present 
time  fish  are  fairly  abundant,  and  the  fishery  gives 
employment  to  a good  number  of  men,  who  them- 
selves admit  that  the  hatchery  operations  have  been 
successful.  After  the  codfish  season  is  over,  the 
officials  turn  their  attention  to  lobster  hatching,  and 
the  same  operations  are  gone  through  as  with  the 
codfish.  It  is  said  that  for  some  occult  reason  the 
lobster  fishermen  regard  this  work  with  indifference, 
and  that  although  good  prices  are  offered  for  seed 
lobsters,  they  are  too  often  boiled  and  sold  in  defiance 
of  the  law.  Great  interest  is  taken  by  pisciculturists 
in  the  artificial  propogation  of  the  lobster,  but  it  is 
feared  that  unless  a law  similar  to  that  in  Nova 
Scotia,  which  provides  for  a close  season,  is  passed, 
the  work  will  be  useless. 


Obituary. 


Dr.  John  Hopkinson,  F.R.S. — The  sad  Alpine 
accident  at  the  Petite  Dent  de  Veisivi,  on  Satur- 
day, 27  th  August,  which  caused  the  death  of  Dr. 
Hopkinson  and  of  his  son  and  two  daughters,  has 
deprived  the  Society  of  Arts  of  a most  distinguished 
member.  This  terrible  disaster  cut  short  the  valuable 
life  of  one  of  the  most  eminent  scientific  men  of  the 
day  at  the  comparatively  early  age  of  49  years.  Dr. 


Hopkinson  was  the  eldest  son  of  Alderman  Hoi)kin- 
son,  an  ex-Mayor  of  Manchester,  and  he  was  born  in 
that  city  in  1849.  He  was  educated  at  Lindow-grove 
School  and  Queenwood  and  Owen’s  Colleges.  After 
remaining  two  and  a half  years  at  the  latter  place,  he 
went  to  Trinity  College,  Cambridge.  In  1871  he 
was  Senior  Wrangler  and  first  Smith’s  prizeman, 
and  he  subsequently  obtained  the  degree  of  D.Sc. 
from  the  University  of  London.  In  1872  he  became 
engineer  to  Messrs.  Chance  and  Company  at  Bir- 
mingham, and  he  introduced  many  improvements 
into  lighthouse  apparatus.  He  subsequently  removed 
to  London,  and  practised  as  an  electrical  engineer. 
In  1890  he  was  President  of  the  Institution  of  Elec- 
trical Engineers ; he  was  also  Professor  of  Electrical 
Engineering  at  King’s  College,  London.  The  list  of 
his  papers  read  before  the  Royal  Society  and  other 
scientific  institutions  is  a long  one.  Dr.  Hopkinson 
vras  elected  a member  of  the  Society  of  Arts  in  1882, 
and  on  November  22  of  that  year  he  read  a paper, 
“ Ice-making  and  Refrigerating.”  He  was  also  one 
of  the  Society’s  judges  at  the  tests  for  motors  for 
electric  lighting  in  1889. 


General  Notes. 

4 

School  of  Art  Wood-carving. — This  school, 
which  has  hitherto  been  held  in  the  Central  Technical 
College,  South  Kensington,  has  now  been  removed 
to  the  Imperial  Institute,  in  which  rooms  have  been 
granted  for  its  use  and  in  which  it  vrill  be  rc-epened 
after  the  usual  summer  vacation  on  Monday,  the  5tii 
September.  Free  studentships  in  both  the  day  and 
evening  classes  of  the  school  are  maintained  by  means 
of  funds  supplied  by  the  City  and  Guilds  Institute  for 
the  Advancement  of  Technical  Education  and  by  the 
Drapers’  Company.  Some  of  these  studentships  are 
at  present  vacant,  and  forms  of  application  for  them, 
also  information  as  to  the  school  generally,  may  be 
obtained  by  letter  addressed  to  the  INIanager,  School 
of  Art  AVood- carving.  Imperial  Institute,  London, 
S.W. 

College  of  Commerce. — A special  committee 
appointed  by  the  Board  of  Regents  of  the  University 
of  California,  to  inquire  into  the  advisability  of  estab- 
lishing a college  of  commerce  in  connection  with  the 
University,  reported  in  favour  of  the  undertaldng  early 
this  year,  and  the  proposal  has  been  adopted  Avithout 
a dissenting  voice.  The  president  of  the  University  has 
been  directed  to  make  application  to  the  President  of 
the  United  States  to  the  effect  that  an  engineer  of  the 
regular  army  may  be  detailed  to  act  as  instructor  in 
steam  engineering  and  marine  transportation.  It  was 
the  expressed  judgm  mt  of  the  regents  that  the  college 
Avould  expand,  and  that,  among  other  things,  iron 
shipbuilding  and  the  training  of  students  for  a con-  : 
sular  career  should  be  taught.  This  information  is  , 
given  by  Her  Majesty’s  Acting  Consul-General  at  San  ' 
Francisco,  in  a report  to  the  Foreign-office. 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  IV. C. 


Notices. 


DETERIORATION  OF  PAPER. 

The  Report  of  the  Committee  of  the  Society 
of  Arts  on  the  Deterioration  of  Paper  has  now 
been  published,  price  is.,  and  can  be  obtained 
on  application  to  the  Secretary,  Society  of  Arts, 
John-street,  Adelphi,  W.C.  Two  Appendixes 
are  printed  with  the  Report  i.  Abstracts  of 
Papers  on  German  Official  Tests,  1885-96 ; 
2.  Precis  of  Correspondence. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

DECORATIVE  BOOKBINDING. 

By  Cyril  Davenport. 

Lecture  III. — Delivered  February  7,  1898. 

English  Bookiunding  from  the  i6th 
Century  to  the  i8th  Century  in- 
clusive. 

The  commoner  English  bookbindings  of  the 
early  i6th  century  were  usually  ornamented 
with  impressions,  in  blind,  from  large  panel 
stamps,  many  of  which  appear  to  have  been 
of  Netherlandish  origin.  They  are  largely 
heraldic,  but  several  of  them  are  illustrative  of 
Biblical  subjects  or  incidents  in  the  lives  of 
saints. 

The  coat  of  arms  of  Henry  VIII.  with 
Tudor  emblems  is  commonly  found  (Eig.  i), 
as  is  also  the  coat  of  Katherine  of  Arragon, 
and  more  rarely  that  of  Anne  Boleyn.  These 
coats  are  generally  upheld  by  two  winged 
angels.  On  some  of  the  bindings  by  John 
Reynes  is  a curious  coat  of  arms  of  Jesus 
Christ  (Fig.  2),  and  on  several  of  them 


occurs  a stamp  bearing  a large  Tudor 
rose  as  a central  ornament  with  a ribbon 
enclosing  it,  on  which  are  the  words,  “ Hec 
Rosa^^Virtutis  de  cielo  missa  sereno  ylCternum 
Horens  regia  sceptra  feret.”  In  the  uppf-r 
corners  of  this  design  are  the  coats  of  arms  of 
St.  George  and  that  of  the  City  of  London,  so 
it  is  supposed  that  the  binder  who  usfd  it  was 
a freeman  of  the  City  of  London.  'I'he  initials 
of  the  binder  often  occur  in  the  lower  part  of 
the  panel.  “ I.N.”  probably  stands  for  Julian 
Notary;  “ R.L.”  for  Richard  Lant  ; and  so 
on,  the  binders  often  being  the  same  as  the 

Ek;.  I. 


English  panel  blind  stamped  binding  in  calf,  with  arms  and 
badges  of  Henry  VIII.  Collection  of  i6th  centurj-  tracts. 
British  Museum. 


printers.  Although  Royal  coats  occur  on  several 
of  these  bindings,  it  is  not  at  all  certain  that  the 
books  were  ever  Royal  property,  and  they 
should  not  be  considered  so  unless  their  known 
history  confirms  such  an  attribution. 

An  early  official  note  concerning  an  English 
bookbinder  occurs  in  a patent  of  Henry  VHL. 
dated  22nd  February,  1550,  making  Thomas 
Berthclet  the  king’s  printer.  Ihis  Ihomas 
Berthelet  also  bound  the  Royal  books,  and 
was  the  first  English  binder  to  use  gold  tooling 
on  leather.  A bill  of  his  for  such  work  still 
exists,  in  which  he  describes  the  bindings  as 
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being  “ after  the  Italian  fascion”  (Fig.  3),  “in 
crymosyn  satin,”  or  “ covered  iv’ith  black 

Fig.  2. 


English  panel,  blind  stamped  binding  in  calf.  By  John 
Reynes.  The  design  is  a coat  of  arms  with  emblems  of  the 
Passion,  &c.  Psalterium  Cistercieusis  ordinis.  c.  1525. 
B^-itish  Museum, 


Fig.  3. 


English  gold-tooled  binding  in  doe  - skin,  by  Thomas 
Bcrthelet  for  Henry  VIII.  Elyot.  The  Image  of  Govern- 
ance. London,  1541.  British  Muscumi. 

velvet.”  The  note  about  the  “ Italian  fascion,” 
of  course,  alludes  to  the  fact  that  many  of 


Berthelet’s  early  bindings  are  finished  with 
gold  tooling  made  by  means  of  stamps  cut  in  | 
imitation  of  several  of  those  used  on  15th  1 
century  Italian  bindings. 

It  is  indeed  often  difficult  to  distinguish 
between  an  early  English  gold  tooled  binding 
and  an  Italian  one,  but  there  is  one  peculiarity 
about  Berthelet’s  work  even  when  it  is  most 
like  the  Italian  originals,  and  it  is  that  he 
nearly  always  used  a black  dye  on  the  fillets 
with  which  these  bindings  are  generally  deco- 
rated. The  black  has  in  many  cases  worn  off, 
but  as  it  was  made  by  means  of  some  weak 
acid,  the  surface  of  the  calf— in  which  leather 
the  majority  of  Berthelet’s  bindings  are — is 
usually  eaten  away  to  some  extent,  and  the 
fact  that  the  stain  was  originally  there  can  be 
easily  recognised.  The  Italian  bindings  on 
which  these  are  modelled  do  not  have  these 
black  fillets. 

Berthelet  bound  books  for  Henry  VIII., 
Edward  VI.,  and  Mary;  and  besides  the  calf 
already  mentioned,  he  used  freely  white  deer 
skin  and  vellum — as  far  as  I know',  he  never 
used  morocco,  or,  as  it  would  then  have  been 
called,  goat  skin.  As  to  the  books  recorded  by 
him  as  having  been  bound  in  satin  and  velvet, 
there  are  no  data  by  which  they  can  be  iden- 
tified, but  as  each  of  the  three  sovereigns 
for  whom  Berthelet  worked  have  left  us 
specimens  of  bindings  made  for  them  in 
these  materials,  it  is  likely  enough  that  some 
of  them  are  really  Berthelet’s  work.  Because, 
however,  of  the  utter  difference  in  workmanship 
between  the  adornment  of  a satin  or  velvet 
binding  as  compared  with  one  in  leather,  we 
cannot  say  certainly  that,  because  in  the  satin 
and  velvet  books  of  the  early  i6th  century 
Royal  English  book  we  find  no  design  that 
resembles  Berthelet’s  stamps,  they  are  not  his. 

The  edges  of  valuable  books  were  decorated 
with  paintings  and  gildings  of  various  kinds 
from  a very  early  period,  and  Berthelet  fully 
appreciated  the  value  and  beauty  of  this 
addition  to  the  ornamentation  of  fine  bind- 
ings. The  particular  manner  in  which  he 
usually  dealt  with  the  edges  of  his  books  was 
to  have  them  slightly  tinted  with  some  pale 
yellow  pigment,  and  on  this  to  write  in  gold 
the  inscription,  “ Rex  in  .Dternum  vive.” 
After  these  words  occur,  in  many  instances,  | 
the  curious  word  “ Nez  ” or  “ Neez.”  Among  : 
the  several  interpretations  of  this  word  that  I 
have  heard,  one  of  the  best  is,  I think,  that  of  I 
Mr.  J.  L.  Scott,  of  the  Department  of  Manu- 
scripts in  the  British  Museum.  Mr.  Scott 
thinks  it  may  refer  to  Nebuchadnezzar.  In 
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the  Book  of  Daniel  these  words  are  addressed 
to  this  king",  'Saiiovxo^ou6(r(M}p  eVael  and  the 
initial  letters  of  these  words  make  Ncz.” 
The  strong  probability  is  that  when  this  in- 
scription is  found  on  the  edges  of  a book  that 
belonged  to  Henry  VIII.,  that  it  was  bound 
by  Thomas  Berthelet,  the  first  great  English 
bookbinder  whose  name  is  known  to  us. 
Berthelet  sometimes  finished  his  books  with 
some  reference  to  their  subject,  one  of  his  on 
“ Geometry  ” being  decorated  outside  with 
triangles,  &c. 

The  English  binders  were  not  allowed  to 
have  a very  peaceful  time  for  long,  as  in  1553 
the  influ.x  of  foreign  workmen  was  so  hardly 
felt  that  an  Act  was  passed  for  the  special 
protection  of  English  printers  and  binders,  and 
it  was  made  unlawful  for  anyone  to  buy  or  sell 
any  book  ready  bound  from  abroad ; and 
among  the  registers  of  the  Stationers’  Com- 
pany may  be  found  several  other  petitions 
against  the  foreign  workmen.  Among  these 
registers  are  many  curious  and  interesting 
items  about  bookbinders,  their  apprentices, 
and  their  methods,  all  of  which  are  very  care- 
fully laid  down  ; indeed,  some  of  the  rules 
seem  too  stringent.  For  instance,  in  one  dated 
“ XXV.  March,  1586,”  it  is  laid  down  that  “in 
the  volume  called  folio  there  maie  be  bound 
styched  onelie  ffortie  sheetes  and  not  above. 
In  the  volume  called  o(  tavo  twelve  sheetes 
onlie  and  not  above;”  and,  further,  on  the 
same  register  it  is  ordered  that  no  bookseller 

“ shall  putt  any  woorke to  be  bounde, 

unto  or  by  any  Iforrayner,  stranger,  or  to  any 
person  whatsoever  that  are  not  freeman  of  this 
citie.”  Of  course  the  foreigners — chiefly  French- 
men— became  freemen  “ of  this  citie,”  and  so, 
m due  time,  became  practically  English  them- 
selves ; and  it  is  very  likely  due  to  the  taste 
and  skill  introduced  by  these  no  doubt  excel- 
lent craftsmen  that  we  owe  much  of  the  delicate 
workmanship  that  we  find  all  along  in  English 
gold  tooled  work.  The  ordinary  processes  of 
binding  a book,  although  they  are  undoubtedly 
skilled  labour,  are  such  as  any  man  with 
manipulative  skill  can  easily  learn,  but  the 
art  of  gold  tooling  on  the  finished  leather  is  a 
very  different  matter,  and  to  be  well  done 
requires  most  delicate  care  and  knowledge, 
and  the  utmost  skill  and  steadiness  of  hand. 
This  art  the  French  have  certainly  excelled  in 
even  up  to  the  present  day.  So  that  possibly 
we  must  not  regret  too  much  that  the  highly 
skilled  French  workmen  came  over  and  brought 
some  of  their  careful  finish,  to  the  enhance- 
ment of  the  good  sewing  and  forwarding  that 
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they  doubtless  found  here  from  very  early 
times. 

Henry  VI II.  and  1‘dizabeth  possessed  several 
small  books  bound  in  gold,  some  of  which  still 
exist.  'rii(!y  were  g(,*nerally  enamelled  as  well, 
some  of  them  being  very  fine  specimens  of 
such  work.  Such  books  must  have  been 
always  of  great  value,  and  therefore  they 
never  became  common  ; but  no  doubt  there 
were  many  more  of  them  than  we  have  now' 
left,  as  mention  exists  of  such  presents  having 
been  given  to  Queen  hdizabeth’s  maids  of 
honour.  Some  of  these  are  still  in  private 
hands,  but  others  can  be  seen  at  the  British 
Museum,  both  in  the  Departments  of  Manu- 
scripts and  Printed  Books.  But  in  fact,  during 
all  the  Tudor  period  very  decorative  bindings 
were  made  in  England.  Berthelet  set  the 
fashion,  and  he,  like  all  great  masters,  had 
imitators.  More  than  that,  his  example  en- 
couraged others  to  strike  out  lines  for  them- 
selves. Few’  names  of  binders  at  this  time  are 
knowm.  It  is  supposed  that  John  Day,  a 
printer,  bound  some  of  the  books  that 
belonged  to  Queen  Elizabeth.  These  are 
generally  bound  in  calf,  with  black  fillets 
imitated  from  Berthelet,  but  charmingly  orna- 
mented as  w'ell  with  real  inlays  of  white 
vellum,  on  which  are  gold  impressions  from 
large  blocks.  The  letters  “I.D.P.”  occur  on 
some  of  these  blocks,  and  it  is  supposed  that  they 
mean  “JoImi  Day  Printer.”  (Fig.  4.)  I think 
these  stamps  have  more  of  a foreign  character 
than  English,  but  it  is  possible  enough  that 
John  Day  had  them  cut  for  him  by  a foreign 
workman.  The  bindings  are  bold  and  excel- 
lent in  design,  usually  bearing  in  the  centre 
the  Royal  coat  of  arms,  the  field  being  covered 
with  what  the  French  call  a “ semis  ” of  triple 
dots.  Some  of  Elizabeth’s  books  have  also  a 
“ semis”  of  roses.  It  is  certain  that  Matthew 
Parker,  Archbishop  of  Canterbury,  employed 
bookbinders  to  bind  the  books  he  had  printed 
at  his  private  press  at  Lambeth.  It  is  not  now 
positively  known  if  any  of  these  bindings  still 
exist,  but  it  is  very  likely  that  the  copy  of  his 
book,  “ De  Antiqvitate  Britannicie  Ecclesi:e,” 
printed  in  1572,  which  the  archbishop  is  sup- 
posed to  have  presented  to  Queen  Elizabeth, 
was  bound  under  his  direct  auspices.  It  is 
bound  in  green  velvet  beautifully  embroidered, 
the  design  being  a park,  within  which  are  deer 
and  roses,  being,  in  fact,  a play  upon  the  word 
“ Parker.” 

The  most  noteworthy  collectors  of  this  i6th 
century,  as  distinct  from  the  binders,  whose 
names  and  work  are  known,  not  counting  the 
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sovereigns  who  have  invariably,  from  the  time 
of  Henry  VII.,  been  most  constant  and  appre- 
ciative lovers  of  fine  bindings,  were  Henry 
FitzAlan,  Earl  of  Arundel,  Thomas  Wotton, 
and  Robert  Dudley,  Earl  of  Leicester. 

Henry  FitzAlan  took  advantage  of  the  sup- 
pression of  the  monasteries  in  the  earlier  part 
of  the  century  and  acquired,  in  consequence, 
several  valuable  works  which  otherwise  would 
never  have  left  the  security  of  the  religious 
walls.  Besides  these  priceless  treasures,  he 
also  acquired  many  of  the  books  that  had 
belonged  to  Archbishop  Cranmcr,  a large 


Fig.  4. 


English  gold-tooled  binding  in  calf,  inlaid  with  vellum. 

Belonged  to  Queen  Elizabeth,  and  was  probably  bound 

by  John  Day.  Gospels  in  Anglo-Saxon.  London,  1571. 

Ihitish  Afiiscum. 

number  of  which  bear  his  signature.  The 
whole  of  the  FitzAlan  library  was  bequeathed 
to  his  son-in-law.  Lord  Lumley,  who  was  after- 
wards tutor  to  Henry  Prince  of  Wales,  and  by 
this  prince  it  was  purchased  in  1609.  There 
seems  little  doubt  that  Henry  FitzAlan  had 
taste  in  bindings,  the  very  few  instances  left 
as  they  were  in  his  time  being  of  considerable 
beauty,  and  bearing  as  a central  ornament  the 
Arundel  badge  of  a white  horse  “ courant  ” 
with  a spring  of  oak  in  its  mouth.  On  one 
beautiful  specimen  this  horse  is  represented  by 
a little  cameo  of  white  leather  inlaid  on  calf, 
the  date  of  the  printing  being  1544,  that  of 


the  binding  probably  about  the  same.  Lord 
Lumley  generally  signed  his  books,  but  beyond 
this  he  does  not  appear  to  have  changed  them 
to  suit  his  own  fancy  ; but  their  ne.xt  owner, 
the  Prince  of  Wales,  did  so  very  largely — 
indeed,  he  rebound  almost  every  book  in  calf 
bindings  heraldically  decorated.  The  best 
known  of  these  bindings  have  in  the  centre 
the  Royal  coat  of  arms  with  the  silver  label  of 
the  eldest  son,  and  in  the  corners  either  the 
ostrich  plumes,  crowned  roses,  lions,  or  fleur 
de  lys,  designed  too  largely  for  good  taste. 
These  are  always  stamped  in  gold,  except  the 
ostrich  plumes,  which  are  in  silver.  The  books 
bearing  these  stamps  are  perhaps  of  the 
greatest  general  interest  of  any  old  Royal 
English  bindings,  because  they  are  some- 
times to  be  met  with  outside  the  large  Royal 
libraries,  some  of  them,  at  some  period  of 
their  history,  having  been  allowed  to  leave  the 
remainder  and  get  into  the  open  market. 
Besides  these.  Prince  Henry  had  others  bound 
which  have  the  Prince  of  Wales’s  plumes  as  a 
centre  ornament ; many  of  these  are  excellent 
in  taste  and  pleasing  in  colour,  the  smaller 
ones  especially.  We  owe  a great  debt  of 
thanks  to  Prince  Henry,  because  he  brought 
together  at  St.  James’s  Palace  all  the  old 
books  that  he  could  get  hold  of  that  had 
belonged  to  his  Royal  predecessors,  and  by 
his  appreciation  of  them  and  the  additions  he 
made,  not  only  by  the  accession  of  the  libraries 
just  mentioned  of  the  Earl  of  Arundel  and 
Lord  Lumley,  but  also  by  that  of  Isaac  Casau- 
bon  and  a Welshman  named  Maurice,  he 
actually  laid  the  foundation  of  the  Royal 
library  of  England,  which  was  ultimately  pre- 
sented to  the  nation  by  George  IL,  in  1757, 
and  has  been  preserved  ever  since  in  the 
British  Museum. 

Thomas  Wotton,  the  father  of  a well-known 
writer.  Sir  Henry  Wotton,  was  also  a cele- 
brated collector  of  books  who  had  his  volumes 
bound  for  him  in  a particular  way.  He  died  in 
1587.  His  bindings  are  always  in  brown  calf, 
tooled  in  gold  with  black  fillets,  after  the  style 
used  by  Thomas  Berthelet.  Some  of  them  have 
a small  coat  of  arms  impressed  in  silver  as  a 
centre  ornament,  and  many  of  them  bear  the 
words,  “ THOM2E:  WOTTONI  ET  AMICORVM,” 
on  them,  being  almost  the  same  words  as  were 
used  by  Jean  Grolier,  Treasurer  of  France,  at 
an  earlier  date.  In  consequence  of  the  occur- 
rence of  this  motto,  as  well  as  some  distant 
similarity  in  the  style  of  some  of  the  designs 
used  by  both  collectors,  Wotton  is  known  as 
the  “English  Grolier.” 
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The  decorative  badge  of  the  bear  and  the 
ragged  statf,  used  by  the  family  of  Dudley, 
Earls  of  Leicester,  is  often  found  on  books 
that  belonged  to  Robert  Dudley.  The  initials 
R.l^.  are  often  combined  with  the  badge, 
which  is  stamped  variously  in  gold,  in  silver, 
and  in  silver  and  gold.  The  remaining  gold 
tooling  on  several  of  these  books  is  very  well 
designed  and  decorative.  Although  the  semis, 
or  powdering,  of  various  small  kinds  over  the 
ground  of  binding  designs  occurs  in  English 
bindings  made  for  Queen  Elizabeth,  the  idea 
is  considered  to  be  French  originally.  In 
England  the  method  of  decorating  the  larger 
part  of  a book  with  a symmetrical  repetition  of 
small  stamps  did  not  come  into  any  general 
use  until  the  reign  of  James  I.,  and  under  this 
king  the  semis  was  largely  used.  The  most 
usual  stamps  used  for  the  powderings  are 
lions,  thistles,  fleur  de  lys,  and  roses,  and  in 
many  instances  the  etfect  is  very  rich.  In 
combination  with  these  are  used  large  corner 
pieces  and  usually  heraldic  centres,  and  the 
decorative  method  of  binding  books  in  velvet 
stamped  in  gold  was  also  made  use  of  in  this 
reign  more  than  in  any  other,  although  it  was 
first  thought  of  in  the  time  of  Elizabeth,  and 
was  also  afterwards  done  at  Little  Gidding. 

John  Gibson  was  appointed  king’s  binder 
while  James  was  in  Scotland,  and  there  is  a 
list  of  books  bound  by  him  in  Dibdin’s 
“ Decameron.”  Unfortunately,  not  one  of 
these  has  been  identified.  There  is,  however, 
one  binding  which  is  likely  enough  to  have 
been  bound  by  him.  It  covers  the  original 
manuscript  by  King  James  of  his  BA2IAIKON 
AHPON,  written  for  the  benefit  of  his  “dearest 
son  Henry  the  Prince.”  The  book  is  very 
decoratively  bound  in  purple  velvet  and  rarely 
ornamented  with  thin  plates  of  gold,  engraved 
with  delicate  lines.  The  centre  is  the  ancient 
coat  of  Scotland,  with  the  collar  and  badge  of 
the  thistle,  unicorn  supporters,  and  motto. 
Above  are  the  initials  I.R.,  and  the  clasp 
plates  and  corners  are  conventional  thistles  and 
curves.  No  other  book  is  ornamented  in  this 
way.  When  James  came  to  England  John 
and  Abraham  Bateman  were  his  binders,  and 
they  probably  bound  most  of  the  books  now 
left  of  his,  but  there  is  no  certainty  about  any 
one  of  them. 

During  the  reign  of  Charles  I.  the  same 
style  of  binding  generally  prevailed  as  during 
his  predecessor’s  time— powderings,  heraldic 
ornaments,  and  large  corners  ; also  between 
1625  and  1642  were  made  the  curious  “ Har- 
monies ” of  Nicolas  Ferrar  at  Little  Gidding. 


The  finest  of  these  were  bound  in  velvet,  tooled 
in  gold  or  silver,  with  small  stamps  of  peculiar 
designs.  They  were  nearly  always  large  books, 
which  in  those  days  was  rare.  One  measures 
29  by  20  inch(;s,  thereby  strongly  contrasting 
with  the  generality  of  }>rinted  bof>ks,  which 
had  been  small  ever  since  the  invention  of  the 
typographic  art.  The  decoration  on  most  of 
the  Little  Gidding  bindings  consists  of  a 
circular  ornament  in  the  centre,  and  in  each 
corner  a quarter  of  the  same.  'I'he  velvet  used 
is  blue,  purple,  or  green,  and  the  leather  is 
always  black.  These  bindings  are  supposed 
to  have  been  bound  by  the  nieces  of  Nicholas 
Ferrar,  under  the  special  direction  of  Mary 
Collet,  taught  by  a binder  from  Cambridge  ; 
and  they  have  every  appearance  of  having 
been  made  by  skilled  amateurs  not  possessing 
too  many  shop  appliances.  But  for  the  en- 
couragement of  lady  bookbinders,  it  may  safely 
be  said  that  no  more  splendid  bindings  have 
ever  been  made  than  those  prepared  by  Mary 
Collet  for  King  Charles  and  his  sons.  Both 
for  size,  magnificence  of  colour,  and  richness 
of  decoration  they  have  never  yet  been  excelled. 
The  finest  specimens  now  left  are  in  the  pos- 
session of  the  Marquis  of  Salisbury,  the  Earl  of 
Normanton,  and  Captain  Gaussen. 

An  interregnum  in  bookbinding,  as  in  every 
other  fine  art,  occurred  during  the  civil  wars 
in  England,  and  the  Restoration  is  marked  by 
the  work  produced  by  the  second  great  English 
bookbinder  whose  work  is  known. 

In  June,  1660,  the  office  of  “ Royal  book- 
binder ” was  conferred  upon  Samuel  Mearne, 
who  died  in  1683.  The  finest  of  his  books 
were  bound  for  the  king,  as  might  be  expected, 
and  these  have  always  some  Royal  heraldic 
mark  upon  them,  often  consisting  of  two  inter- 
laced C’s  crowned,  between  two  palm  branches ; 
they  are  either  in  red,  or  dark  blue,  morocco. 
Other  of  his  volumes  are  charmingly  tooled  in 
compartments  with  delicate  pointille  fillings, 
after  the  style  introduced  by  the  great  French 
binder,  Le  Gascon.  Mearne  invented  what  is 
known  as  the  “ Cottage  style”  of  decoration  on 
a book.  Books  ornamented  in  this  way  have  the 
lines  of  an  inner  panel  amplified  at  each  end, 
upper  and  lower,  into  the  outline  of  a gable  roof. 
The  lines  composing  this  gable  are  usually 
stained  black,  following  again  the  lead  given 
by  Ihomas  Berthelet,  and  the  sj^aces  that 
remain  are  often  very  richly  filled  with  festoons 
and  masses  of  very  delicate  and  beautiful  gold 
tooled  work  executed  with  small,  very  finely 
cut  stamps  of  peculiar  designs. 

The  simpler  books  bound  by  Mearne  have 
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an  inner  panel  outlined  in  gold  with  fleurons  or 
other  ornamented  designs  at  each  corner.  The 
leather  he  used  was  the  finest  morocco,  with  a 
smooth  surface.  The  gilt  edges  of  the  finer 
books  bound  by  Samuel  Mearne  are  sometimes 
ornamented  in  a remarkable  manner.  They 
are  painted  in  water-colours  under  the  gold. 
This  painting  was  executed  when  the  leaves 
were  fanned  out,  then,  when  finished,  the  gold 
was  applied  as  usual.  The  result  is  that  often 
enough  these  painted  edges  have  remained 
unseen  for  centuries,  as  they  only  show  when 
held  in  a particular  way.  Mearne  was  the 
first  binder  to  use  this  kind  of  ornamentation  ; 
he  was  followed  in  it  by  his  son  and  successor, 
Charles,  and,  after  some  interval,  by  James 
Edwards,  of  Halifax. 

The  influence  of  Samuel  Mearne’ s art  was 
directly  felt  for  a very  long  time  (Fig.  5),  and. 


Fig.  5. 


English  gold-tooled  binding  in  morocco.  In  the  style  of 
Samuel  Mearne.  Fables  of  Pilpay.  London,  1699. 
Ih-ifish  Museum. 

to  some  extent,  remains  with  us  to  the  present 
day  ; and  although  he  founded  much  of  his 
work  on  French  models,  he  ultimately  de- 
veloped a style  of  his  own  of  which  we  may 
well  feel  proud. 

'J'he  decline  in  the  art  of  bookbinding  which 
occurred  in  England  from  the  death  of  Samuel 
Mearne  until  the  coming  of  Roger  Payne, 
about  1770,  would  have  been  worse  than  it  was 
if  it  had  not  been  for  the  long  continuance  of 


the  styles  used  by  Samuel  Mearne.  Nearly  all 
the  better  work  done  during  this  time  owes 
what  excellence  it  may  possess  to  his  initia- 
tive, the  cottage  style  particularly  remaining 
with  us,  and  lending  itself  to  all  sorts  of 
modifications  and  amplifications,  many  of 
which  are  very  good. 

Among  our  more  original  designers  must  be 
mentioned  Flkanah  Settle,  a most  remarkable 
man  in  many  ways,  eccentric  to  the  last 
degree.  He  lived  during  the  latter  half  of  the 
17th  century,  and  is  known  as  the  “ City 
poet.”  He  wrote  poems  addressed  to  various 
people  of  note,  many  of  which  he  presumably 
bound  himself  and  ornamented  with  heraldic 
designs  and  decorative  borders.  The  leather 
he  used  was  generally  bad  sheep’s  skin,  some- 
times calf,  and  the  ornamentation  is  done  in 
gold  tooling  in  a rough  and  ready  manner, 
the  various  bearings  on  the  coats  of  arms, 
and  the  small  pieces  at  the  corners,  being 
laboriously  stamped  one  by  one,  colour  being 
added  now  and  then.  Although  the  actual 
finishing  of  these  books  is  very  faulty,  they  are 
not  by  any  means  unpleasing  generally,  and  I 
think  they  are  likely  to  be  more  appreciated 
and  valued  as  time  goes  on  ; they  certainly 
have  a strong  personal  interest,  as  each  one  is 
made  for  some  particular  patron.  The  binders 
of  Little  Gidding  and  Flkanah  Settle  are  the 
only  instances  in  the  history  of  English  book- 
binding where  amateur  work  has  made  any 
lasting  mark. 

The  trade  bindings  came  much  to  the  front 
with  the  skilled  work  done  by,  or  for,  Eliot  and 
Chapman.  These  binders  worked  for  Robert 
Harley,  Earl  of  Oxford,  in  the  i8th  centuiy, 
and  used  ornamental  centre  pieces  and  broad 
borders.  Several  books  are  curiously  orna- 
mented with  small,  finely-engraved  stamps  cut 
in  emblematic  designs  by  Thomas  Pingo,  the 
medallist.  These  books  belonged  to  Thomas 
Hollis.  They  are  not  uncommon  ; the  leather 
is  usually  fine,  smooth  red  morocco,  the  orna- 
mentation is  more  curious  than  beautiful,  and 
is  best  when  there  is  not  much  of  it. 

Towards  the  end  of  the  century,  a book- 
binder of  the  name  of  Roger  Payne  came  from 
Windsor  and  set  up  in  London.  He  was  at 
first  apprenticed  to  Osborne,  a Holborn  book- 
seller, but  somewhere  about  1770  he  set  up  for 
himself.  He  was  very  poor  all  his  life,  and 
addicted  to  drink,  but  in  spite  of  these  draw- 
backs, his  original  genius  for  the  ornamenta- 
tion of  books  showed  itself  with  such  effect 
that  he  not  only  produced  some  of  the  very 
finest  English  bookbindings  existing,  but  has 
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had  a greater  influence  on  the  art  in  England 
than  any  other  binder  except  Le  Gascon. 

Bookbinding  is  essentially  an  imitative  art, 
and  Roger  Payne  undoubtedly  studied  the  best 
work  both  of  Samuel  Mearne  and  T.e  Gascon. 
Many  of  his  smaller  stamps  are  copied  from 
one  or  other  of  them  ; but  they  arc  always 
modified,  and  the  general  arrangement  of  his 
masses  of  gold  work  is  quite  his  own. 

Most  of  Payne’s  books  have  large  orna- 
mental corners  worked  with  very  fine  stamps, 
circles,  and  dots  (Fig.  6),  and  many  of  them  have 
Fig.  6. 


English  gold-tooled  binding  in  morocco.  ]!y  Roger  Payne 
about  1790.  Gri'ek  Antholog)-.  Venice,  1550.  Ihitish 
Museuvi. 

ornamental  doublures,  or  insides  to  the  boards. 
His  books  are  usually  sewn  with  silk,  and  the 
backs  strengthened  with  supplementary  pieces 
of  leather,  making  them  very  strong  but  stiff  to 
open.  His  favourite  leather  was  smooth  or 
straight-grained  morocco,  but  often  he  used 
Russia,  an  excellent  leather  to  take  the  im- 
pression of  the  stamps  in  gold,  but  a very  bad 
one  for  lasting.  It  is  said  that  Roger  Payne 
cut  his  own  stamps — often  in  iron — and  this  is 
likely  enough.  The  gold  tooling  on  most  of 
his  books  is  excellent,  bright,  and  strong,  and 
has  most  probably  been  re  - gilded  several 
times.  He  took  the  greatest  interest  in  each 
book  he  bound,  and  very  often  added  a careful 
note  in  his  own  handwriting  saying  what  he 
had  done  to  the  work,  and  what  stamps  he 
used,  many  of  them  being,  to  some  extent, 
chosen  according  to  the  subject. 


Payne  towards  the  end  of  his  life  (he  died  in 
1797)  took  Richard  Wier  to  be  his  partner. 
Wier  drank  as  well  as  Ikayne,  but  nevertheless 
he  and  his  wife  were  the  first  binders  in 
Imgland  to  study  and  practice  successfully 
the  dillicult  art  of  mending  and  repairing 
paper,  d his  is  now  a very  important  branch 
of  the  binder’s  profession,  and  it  is  one  that 
is  likely  in  the  future  to  be  of  even  more  im- 
portance than  it  is  at  the  present  moment. 
When  much  of  the  paper  used  now  arrives  at 
the  stage  when  mending  is  necessary,  it  will 
tax  all  the  ingenuity  of  the  chemists  and 
paper-menders  to  the  utmost  to  repair  it  in 
such  a manner  as  to  preserve  the  legibility  of 
the  printed  matter  in  a satisfactory  manner. 
Indeed  already,  in  my  own  experience,  the 
greatest  difficulty  occurs  sometimes  in  quite 
modern  books,  which  are  much  used,  in  the 
endeavour  to  keep  them  together.  It  is  sin- 
cerely to  be  hoped  that  the  endeavours  of  the 
committee  which  has  lately  been  considering 
this  subject,  will  have  some  practical  result. 

James  Edwards,  a bookbinder  of  Halifax, 
and  an  artist,  who  came  to  l.ondon  about  1785, 
invented  and  patented  a curious  manner  of 
rendering  vellum  transparent.  He  did  this  by 
means  of  pressure  and  soaking  in  pearlash, 
but  no  doubt  there  are  other  ways  of  producing 
the  same  result.  He  bound  his  books  in  white 
paper,  on  which  he  painted  delicate  designs  in 
water  colours,  over  all  these  he  placed  his 
transparent  vellum,  which  acts  as  a complete 
preservative,  so  that  if  the  vellum  is  not  torn 
the  paintings  under  it  are  as  fresh  as  if  done 
yesterday. 

Edwards  and  another  binder,  John  Whit- 
aker, often  used  what  is  known  as  “ Etrus- 
can ” design  on  their  bindings.  The  Greek 
fret  and  classical  vases  are  the  most  easilv 
recognised  of  these.  Whitaker  used  with  great 
effect  the  darkening  effect  of  a strong  solution 
of  soda  upon  pale  calf.  He  made  stencil 
plates  and  sprinkled  the  soda  through  the 
spaces  as  required,  or  actually  painted  it  upon 
the  leather.  Some  of  his  bindings  are  very 
delicate  in  graduated  browns,  and  pleasing  in 
effect.  On  some  of  Edwards’s  finer  books  the 
edges  are  painted  in  the  same  way  as  Samuel 
Mearne’ s.  Edwards,  in  all  probability,  did 
this  work  himself,  and  on  his  books  it  is  always 
very  delicate  and  pretty.  It  was  imitated  to 
some  extent  afterwards,  but  never  very  exten- 
sively as  it  is  troublesome  to  execute.  It  often 
is  found  on  the  edges  of  small  books  bound  in 
vellum,  where  its  existence  has  not  been 
suspected. 
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The  remaining  English  bookbinders  of  the 
1 8th  century,  several  of  whom  went  on  into  the 
beginning  of  this  century,  were  nearly  all  close 
imitators  of  Roger  Payne,  but  being  better  9- 
workmen,  their  productions  are  more  highly 
finished  and  more  accurately  tooled ; in  the 
trade,  much  more  admired.  At  the  same  time 
the  artistic  value,  which  is  so  marked  in  all 
Roger  Payne’s  work,  is  wanting  in  most  of  the 
bindings  done  by  Kalthoeber,  Charles  Lewis, 
Charles  Hering,  Walther,  and  others.  Charles 
Lewis  was  perhaps  the  best  of  these.  He 
bound  well  and  largely  for  the  Right  Hon. 
Thomas  Grenville,  and  his  books  are  most 
easily  know'n  by  the  peculiarity  they  usually 
possess  of  broad  flat  bands  on  the  backs. 

They  also  often  have  excellent  decorative  work 
inside  the  boards.  These  binders  used  some- 
times tickets  in  their  bindings,  and  sometimes 
their  names  gilded  in  small  letters  on  the 
leather. 


Lantern  Slides  shown  at  the  Third  Lecture. 

1.  Velvet  binding,  with  enamels  on  silver  of  the 

Royal  coat  of  arms  and  Tudor  badge  of  a 
Portcullis.  Made  for  Hemy  VIII.  With  five 
silver  boxes,  each  containing  an  impression  of 
the  Great  Seal.  A copy  of  the  Indentures 
made  between  Henry  VIII.  and  John  Islippe, 
Abbot,  for  the  foundation  of  the  chantrey  at 
Westminster,  c.  1504. 

2.  Binding  in  calf,  gold  tooled,  probably  by  Thomas 

Berthelet.  The  Royal  arms  within  a diamond- 
shaped fillet  with  decorative  border.  Galteri 
Deloeni  LibelJus  de  tribus  hierarchiis.  c.  1510. 

3.  Golden  binding,  3 X ij  inches,  with  remains  of 

black  enamel  on  leaf  sprays.  Psalms.  Be- 
longed to  Henry  VHI.  c.  1520. 

4.  Green  velvet  binding,  with  centrepieces,  corners, 

and  clasps  of  silver,  partly  gilt,  bearing  the 
letters  of  the  names  marguerite  and  anna  | 
being  those  of  former  owners  ; Anna,  wife  of 
Ferdinand,  king  of  the  Romans,  and  Margaret 
Tudor.  Le  Chappelet  de  Jesus.  i6th  century. 

S-  Calf  binding,  gold  tooled,  probably  by  Thomas 
Berthelet.  Belonged *to  Henry  VIIL,  and  has  | 
his  arms  with  suj^porters  within  an  oval,  and  ! 
ornamental  comers. 

G.  Dark  calf  binding,  gold  and  blind  tooled,  made 
for  Mary,  Duchess  of  Suffolk,  with  her  arms  ji 
and  initials.  Plerbarium.  Francofurti,  1535. 

7.  White  deerskin  binding,  probably  by  Thomas 

Berthelet,  gold  tooled.  Made  for  Hemy  VHI., 
■\\ith  his  initials  and  motto.  The  edges  ha've 
the  words  “Rex  in  Hiternum  vive  Nez,” 
written  in  gold  upon  them.  Elyot.  The 
Image  of  Governance.  London.  1540. 

8.  Pale  calf  binding,  gold  tooled  in  arabesque  and 

ribbon  pattern.  Made  for  Henry  Fitz  Alan,  ! 


Earl  of  Arundel,  with  his  badge  of  a white  j 
horse  having  an  oak  sj)ray  in  his  mouth.  | 
Bible.  Venetiis.  1544.  i 

Brown  calf  binding,  gold  tooled  in  arabesque  and  ' 
ribbon  pattern.  Made  for  Thomas  Wedton, 
with  his  arms  impressed  in  silver  in  the  centre. 
Montecmcis.  Contra  sectam  Mahumeticam. 
Parishs.  1543. 

10.  Brown  calf  binding,  gold  tooled.  Made  for 

Robert  Dudley,  Earl  of  Leicester,  with  his 
crest  of  a bear  and  ragged  staff  impressed  in 
silver  in  the  centre.  Clemens  Alexandrinus. 
Opera.  Florentiae.  1550. 

11.  Brown  calf  binding,  gold  tooled  in  arabesque  and 

ribbon  patterns.  Probably  by  Thomas  Ber- 
thelet. Made  for  Ed^vard  VI.,  with  his  coat 
of  arms  and  crowned  initials.  Dated  1552. 

The  ribbons  or  fillets,  many  of  the  curves  of 
which  are  circular,  are  stained  black.  The 
back  of  this  book  is  made  so  that  it  looks  like 
the  front.  Bembo.  Hist.  Venetoe,  libri  xii. 
Venice.  1551. 

12.  Scottish  binding  in  black  calf,  curiously  hand 

tooled  in  gold,  and  coloured.  Made  for  Mary 
Queen  of  Scots,  with  her  coat  of  arms  and  su])-  i. 
porters.  The  Black  Acts.  Edinburgh.  1556.  r 

13.  Calf  binding,  with  double  boards,  the  upper  one  ;■ 

pierced.  In  a recessed  oval  on  the  upper  board 
is  a hand-painted  portrait  of  Queen  Elizabeth, 
to  whom  the  book  belonged,  and  in  the  lower  , 
board  a corresjionding  painting  of  her  coat  of 
anns.  Dated  1568.  Gold  tooled,  and  elabo- 
rately coloured.  Bible.  Lyons.  1566. 

14.  Calf  binding,  with  double  boards.  Gold  tooled, 

and  having  inlaid  vellum  corner  pieces.  In  the  ' 
centre  is  a recessed  oval,  and  a painting  of  the 
coat  of  amis  of  Queen  Elizabeth,  to  whom  the 
book  belonged,  with  her  initials.  Nicolay. 
Navigationes  orientales.  Lyon.  1568. 

15.  Red  velvet  binding,  with  gold  centre-pieces, 

corners,  and  clasps,  beautifully  enamelled  in 
translucent  colours.  The  designs  are  generally  j 
conventional  flowers,  but  on  the  centre-pieces 
is  the  red  Lancastrian  rose  crowned.  Christian 
Meditations.  Lugduni.  1570. 

16.  Calf  binding,  inlaid  with  vellum.  Gold  tooled. 

Probably  by  John  Day.  With  the  arms  and 
initials  of  Queen  Elizabeth,  for  whom  it  was 
bound.  Gospels  in  Anglo-Saxon.  London,  j 
H7I. 

17.  Green  velvet  binding,  gold  stamped  and  ^ 

with  coloured  pieces  of  silk.  Made  for  Queen  3 
Elizabeth,  with  her  coat  of  anns  and  initials. 

The  edges  are  highly  ornamental  with  gold  and 
painting.  Biblia.  Tiguri.  1544,  but  probably  i 
bound  about  1575.  ; 

18.  Golden  binding,  with  figures  in  high  relief  and 

enamelled.  2^  by  i^  inches.  Belonged  to  j 
Queen  Elizabeth.  On  one  side  the  Serpent  in  I 
the  Wilderness,  on  the  other  the  Judgment  of 
Solomon. 
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19.  Scottish  binding  in  purple  velvet,  ^vith  centre- 

pieces, corner-pieces,  clasps,  and  initials  I.R. 
of  ])ierced  and  engraved  gold.  The  centre- 
pieces are  the  arms  of  Scotland,  and  the 
smaller  j)ieces  conventional  sprays  of  thistle, 
MS.  of  BA2IAIK0N  AtiPON  written  by  King 
James  VI.  of  Scotland.  1599. 

20.  Blue  morocco  binding,  very  elaborately  gold 

tooled  in  arabesque  and  dotted  ribbon  pattern. 
Made  for  James  I,,  with  his  coat  of  arms,  in- 
laid in  coloured  leather,  and  initials.  Thevet. 
Vies  des  homines  illustres.  Paris.  1584. 

21.  Brown  calf  binding,  elaborately  gold  tooled  in 

leafy  design,  with  heavy  corners.  Made  for 
James  I.,  whose  coat  of  arms  is  within  a rect- 
angular panel  in  the  centre,  jiartly  coloured  by 
hand  and  partly  inlaid.  Ortelius.  Theatrum 
orbis  terrarum.  London,  1606. 

22.  Binding  in  calf,  gold  tooled  with  fleurons  and 

dotted  ribbon.  Made  for  Henry  Prince  of 
"Wales,  with  his  badge  of  ostrich  feathers  im- 
pressed in  silver  in  the  centre.  Livius.  Hist. 
Romana,  Geneva,  1609. 

23.  Calf  binding,  gold  tooled.  Made  for  Henry 

Prince  of  Wales,  with  his  coat  of  arms  in  the 
centre.  In  the  corners  are  large  ostrich  plume 
badges  impressed  in  silver.  Adam  Goddam. 
Super  libros  sententiarum.  Paris.  1512,  but 
bound  about  1610. 

24.  Red  velvet,  stamped  in  gold  and  silver.  Made 

for  Henry  Prince  of  Wales,  with  his  badge  of 
ostrich  plumes  and  coronet.  Becano  Baculus 
Salcolbrigiensis,  &c.  Oppenheim.  1611. 

25.  Vellum  binding,  gold  tooled.  Made  for  James  I., 

with  his  coat  of  arms  and  semis  of  large  and 
small  stars.  Robert,  Abbot  of  Salisbury. 
De  gratia  sanctorum,  &c,  Londini.  1618. 

26.  Vellum  binding,  gold  tooled.  Made  for  Prince 

Charles,  with  his  badge  of  ostrich  feathers, 
heavy  corner-pieces,  and  semis  of  flaming 
hearts.  Almanacks.  1624. 

27.  Black  morocco  binding,  gold  tooled.  Made  for 

Charles  I.,  with  his  coat  of  arms,  heavy  corner- 
pieces,  broad  arabesque  border,  and  semis  of 
roses,  thistles,  and  fleurs-de-lys.  Raderus. 
Bavaria  Pia,  &c,  Munich.  1628. 

28.  Crimson  velvet  binding,  with  pierced  and  engraved 

centre-pieces  of  silver.  In  the  centre,  on  one 
side,  a medallion  portrait  of  Charles  I , and  on 
the  other,  one  of  Queen  Henrietta  Maria. 
New  Testament.  London.  1643. 

29.  Red  morocco  binding,  elaborately  gold  tooled 

with  leaf  sprays  and  arabesques  by  Samuel 
Mearne.  In  the  cottage  style,  the  lillets 
stained  black.  Made  for  Charles  IL,  whose 
crowned  monogram  is  in  the  centre.  Common 
Prayer,  London.  1699. 

30.  Red  morocco  binding,  elaborately  gold  tooled  with 

arabesques  and  leaf  sprays  by  Samuel  Mearne. 
In  the  cottage  style,  the  fillets  stained  black. 
Common  Prayer.  London.  1678. 


31.  Red  morocco  binding,  made  for  William  HI., 

with  his  anus,  the  three  fleurs-de-lys  lx;ing 
placed  in  the  fourth  quarter.  Audley,  Karl 
of  Castlehaven.  Memoirs.  London.  1681. 

32.  Jiinding  in  blue  morocco,  delicately  gold  trxfledin 

the  cottage  style  with  leaf  sjxays  ami  aral>esques. 
Fables  of  Piljjay.  London.  iG/^. 

33.  Red  morocco  binding  with  rectangular  inlay  of 

black,  richly  gold  tooled  with  large  conven- 
tional flowers  in  outline,  and  arabesques. 
Parajflirasc  on  St.  Paul’s  Ki)istles,  London, 

1 702, 

34.  Red  morocco  binding,  finely  gold  trxfled  with 

vases  and  flower  sprays.  In  the  cottage  style, 
the  fillets  stained  black.  Common  Prayer  in 
Dutch.  London.  1704. 

35.  Binding  in  transj)arent  vellum,  with  ]>ainting 

underneath  it,  by  James  Edwards  of  Halifax ; 
there  are  also  paintings  on  the  edges  of  the 
leaves.  Made  for  Charlotte  of  Mecklenburgh, 
Queen  of  George  HI.,  with  her  arms.  Common 
Ihayer.  London.  1760. 

36.  Smooth  olive  morocco  binding,  gold  tooled,  by 

Roger  Payne.  Large  corner-pieces  and  anns 
of  C.  M.  Cracherode,  to  whom  the  book 
belonged.  Erotemata  Lascaris.  Venetiis. 
1495,  but  bound  about  1770. 

37.  Red  morocco  binding,  gold  tooled.  Bound  for 

George  I.,  with  his  arms  and  crowned  initials. 
Conference  for  establishing  the  succession  to 
the  crown,  &c.  C.  1719. 

38.  Red  morocco  binding,  with  centre  arabesque  gold 

tooling  in  diamond  shape,  and  corners.  Bound 
for  George  II.,  whose  arms  are  in  the  centre. 
Bishop  of  Coventry’s  Defence  of  Christianity. 
London.  1728. 

39.  Scottish  binding  in  blue  morocco,  gold  tooled. 

The  centre  panel  of  long,  rectangular  shape. 
Nisbet.  Doctrine  of  Decimal  Arithmetick. 
Edinburgh.  1738. 

40.  Straight  grained  blue  morocco  binding,  gold 

tooled,  with  large  corners,  by  Roger  Payne, 
Shell  cameo  inserted  in  centre  of  upper  cover. 
Virgilius.  Works.  Venice.  1505,  but  bound 
about  1775. 

41.  Blue  morocco  binding,  delicately  gold  tooled  after 

the  manner  of  Roger  I'ayne,  by  Charles 
Kalthoeber.  Bound  for  George  HI.,  whose 
arms  are  in  the  centre.  The  Mazarine  Bible. 
Bound  about  1800. 

42.  Straight  grained  red  morocco  binding,  gold  tooled 

after  the  manner  of  Roger  I’ayne,  by  Kal- 
thoeber.  Cicero.  Epistolai  ad  lamiliares. 
Venice.  1649,  but  bouml  about  1810. 

43.  Orange  morocco  binding,  plain  outside  with 

broad  flat  bauds,  gold  tooled,  by  Charles 
J.cwis.  "W  ith  inlaid  vellum  doublure.  Bound 
for  the  Right  Hon.  Thomas  Grenville,  with 
his  arms.  Bartholoma.nis  Glanvilla.  De 
proprietatibus  rerum,  8tC.  Bound  about 
1830. 
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Miscellaneous. 


INDUSTRIES  OF  BRITISH  INDIA. 

The  Board  of  Trade  have  received,  through  the 
India-office,  copies  of  a Report  and  Tables  giving 
such  particulars  as  are  obtainable  of  certain  Indian  in- 
dustries, carried  on  upon  a somewhat  extensive  scale. 

The  following  particulars,  arranged  in  alphabetical 
order,  are  from  the  Board  of  Trade  Journal : — 

Bone-criishmg  Seven  at  Bombay,  two  in 

Bengal,  one  at  Madras,  one  in  Malabar,  two  at 
Coimbatore,  one  in  South  Canara,  and  two  at 
Karachi. 

Cement  Udrks. — Only  one  cement  work  is  reported, 
located  in  Madras. 

Coffee  Works. — These  are  reported  to  be  fifty  six 
in  number,  all  in  Madras. 

Cotton  Ginning,  Cleaning  and  Pressing  Mills. — 
There  is  a great  number  of  these  in  Madras,  Bombay, 
Sind,  Berar,  the  Central  Provinces,  Central  India 
and  Rajputana,  the  North-Western  Provinces,  the 
Panjab,  Bengal,  and  Burma. 

Cotton  Spinning  and  Weaving  Establishments  not 
classed  as  Mills. — Twenty  mentioned,  nineteen  of 
which  are  in  the  Madras  Presidency,  one  in  Upper 
Burma,  and  several  unenumerated  in  Bengal. 

Ciitch  Factories. — One  in  Bengal. 

Dairy  Farms.  — Excluding  some  in  Bengal,  of 
which  the  number  has  not  been  stated,  thirty  of  these 
are  returned  ; six  in  the  North-West  Provinces  and 
Oudh,  eight  in  the  Panjab,  four  in  Sind,  five  in 
Bombay,  three  in  the  Central  Provinces,  and  four  in 
Madras.  This  most  useful  industry  promises  to  attain 
important  dimensions. 

Dye  Works. — Seven  are  entered,  all  in  the  Bombay 
Presidency. 

Flour  Mills. — There  are  seventy-two  of  these,  but 
the  statement  is  defective. 

Glass  Factory. — One  is  in  operation  near  Calcutta 
for  the  manufacture  of  glass  in  accordance  with 
European  methods.  Another  has  been  established  in 
Ahmadabad,  but  has  not  yet  commenced  work. 
There  are  various  small  glass-making  establishments 
in  other  places,  but  when  they  do  not  use  broken 
imported  glass,  they  turn  out  articles  of  a rough  and 
inferior  class,  though  in  some  cases  artistic  in  form 
and  colour. 

Ice  Factories. — These  are  numerous,  but  the 
particulars  are  incomplete. 

Indigo  Factories. — There  are  a great  number  of 
these  in  Bengal  and  the  North-Western  Provinces, 
all  o^\•ned  as  private  concerns,  only  three — two  in 
Bengal,  and  the  other  in  the  North-Western  Provinces 
--being  managed  on  the  joint-stock  principle,  with 
limited  liability.  Great  numbers  are  now  owned  and 
worked  by  natives,  but  these  are  still  singly  small 
factories.  In  the  Madras  Presidency  also  there  are  a 
great  number  of  indigo  factories,  mostly  small 
concerns.  In  the  Panjab  there  are  said  to  be  nineteen 
factories. 


Iron  and  Brass  Foundries. — These  are  numerous,  1 
scattered  over  Bombay,  Sind,  Madras,  Bengal,  the  j 
Panjab,  and  Burma.  ' 

Jute  Presses. — All  these  are  in  Bengal.  One  is  ' 
reported  to  have  been  staited  in  Jubbulp.ore  and  two  ‘ 
in  Benares  for  the  pressing  of  hemp. 

Lac  Factories. — Thei  e are  forty-one  of  these  in  the 
North-Western  Provinces,  all  at  Mirzapur.  Ihc 
number  in  Bengal  is  not  fully  stated ; they  are 
numerous,  and,  excepting  the  factory  at  Cossiporc, 
near  Calcutta,  mostly  small. 

Mineral  and  Aerated  Water  Manufactories. — 
These  are  numerous,  and  scattered  over  every  pro- 
vince ; so  far  as  information  has  been  received,  there 
are  seventy-three  in  Bengal,  thirty-seven  in  Madras, 
seventy-six  in  Bombay,  twenty-three  in  Sind,  seventy- 
three  in  Burma,  sixty-four  in  the  Panjab,  seventy- 
seven  in  the  North-West  Provinces  and  Oudh,  twenty- 
three  in  the  Central  Provinces,  and  three  in  Rajputana. 

Mines  (other  than  coal  mines) . — Incomplete.  The 
mica  mines  in  Hazaribagh  (Bengal),  the  ruby  and 
steatite  mines  of  Upper  Burma,  the  tin  mines  in 
INIergui,  and  the  gold  mines  in  ISIadras  and  Mysore 
are  alone  reported. 

Oil  Mills  and  f/  V/A.  — Incomplete.  The  expression 
of  oil  is  largely  carried  on  in  various  places,  though 
the  mills  in  most  cases  are  small.  The  list  includes 
the  petroleum  wells  in  Burma,  which  are  the  only 
wells  as  yet  worked  on  a large  scale,  the  wells  in 
Assam,  and  the  petroleum  refineries  at  work  at 
Rangoon  and  at  Lakhimpur  in  Assam. 

Potteries. — Under  this  heading  are  included  the  ex- 
tensive potteries  of  Raniganj  and  Jubbulpore,  belong- 
ing to  Messrs.  Burn  and  Co.,  of  Calcutta,  where 
piping,  tiles,  and  other  large  articles  are  made  in  con- 
siderable quantity;  also  seventy-sesen  small  concerns 
in  the  North-West  Provinces  and  Oudh,  six  in  the 
Panjab,  and  two  in  Bombay.  The  industry  is  wide- 
spread over  India,  and  is  increasing.  Art  potter}^  is 
produced  in  Bombay  and  other  places,  and  native 
works  turn  out  characteristic  ware  at  Delhi,  Multan, 
Aligarh,  and  elsewhere,  though  it  cannot  be  said  that 
the  work  is  done  on  a large  scale. 

Quarries. — Two  quarries  are  entered,  that  of  the 
Rajmahal  Stone  Company  with  a capital  of  Rx.  25,000, 
and  the  Kangra  Valley  Slate  Quarry  Company  with  a 
capital  of  Rx.  12,000.  There  are  eight  lime  quanies 
in  Assam,  of  which  three  were  not  worked  during  the  ■ 
year. 

Rice  Mills. — Of  these  there  are  seventy  in  Lower 
Burma,  one  in  Upper  Burma,  one  in  Bengal,  three  in 
Godaveri,  one  in  Tanjore,  sixteen  in  Kistna,  eight  in 
Coimbatore,  one  in  Madras,  and  eight  in  the  Bombay  | 
Presidency. 

Rope  Works.— Eightetn  are  entered,  of  which  five  j: 
are  in  the  Madras  Pi  esicency , twelve  in  Bengal,  all  near  1 ' 
Calcutta,  and  one  in  Bombay.  The  works  near  Cal- 
cutta  are  owned  and  managed  by  Europeans  and 
produce  rope  and  cordage  fit  for  all  marine  and  other  ii 
uses.  Native  rope  works  are  very  common,  but  they  || 
are  small  and  the  rope  inferior. 
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Saltpetre  Refineries. — There  are  a great  number  of 
these,  worked  by  natives  on  a small  scale,  in  Madras, 
in  Bihar,  the  North-Western  Provinces,  and  about  a 
' dozen  in  and  around  Calcutta ; one  of  the  latter 
1 owned  and  worked  by  a European  firm, 
i Silk  Filatures. — With  the  exception  of  one  in  the 
I Dehra  Dun,  these  are  all  in  Bengal. 

Silk  Mills. — Two  silk  mills  at  Bombay,  and  another 
in  Calcutta,  and  various  silk- weaving  factories  in 
Bengal.  These  latter,  to  a large  extent,  weave  tasar 
silk,  are  owned  and  managed  by  natives,  and  do  not 
employ  European  machinery  and  apparatus.  The 
fabrics  woven  in  the  three  mills  are  mainly  intended 
for  Burmese  consumption. 

Soap  Factories. — Three  at  Meerut.  One  of  these 
(the  North-West  Soap  Company,  with  a branch  at 
Calcutta)  makes  very  good  toilet  soaps.  There  are 
many  small  native  soap  works  in  Bengal  and  other 
provinces,  but  the  soap  manufactured  is  crude  and 
inferior. 

Sugar  Factories.  — 'SvA  in  Madras.  In  Bengal  the 
large  Cossipore  factory,  with  a capital  of  Rx.  100,000, 
and  numerous  small  factories,  number  not  stated.  In 
the  North-Western  Provinces  two,  the  extensive 
Rosa  factory  at  Shahjahanpur,  with  a capital  of 
Rx.  160,000,  and  a smaller  one  at  Cawnpore,  and  one 
in  the  Panjab. 

Tanneries. — One  hundred  and  fifiy-one  of  these 
are  returned,  of  which  one  hundred  and  'thirty-eight 
are  in  Madras,  six  in  Sind,  one  in  Bombay,  one  near 
Calcutta,  two  at  Cawnpore,  one  at  Agra,  one  in 
Rangoon,  and  one  in  Ajmere.  The  leather  works  at 
Cawnpore  are  important  and  of  large  dimensions. 

Tile  Manufactories. — Thirty-two,  of  which  twenty- 
seven  in  the  Madras  Presidency,  one  in  Coorg,  three 
in  the  Panjab,  and  one  in  Assam. 

Timber  Mills. — Of  these  there  are  seventy-four 
altogether,  the  majority  of  them  in  Burma. 

Tobacco  Farms  and  Factories. — The  only  entry 
under  this  head  is  the  plantation  belonging  to  Messrs. 
Begg,  Dunlop,  and  Co.,  at  Poosa,  where  tobacco  is 
grown,  cured,  and  manufactured  after  the  American 
methods.  Twenty-four  factories  for  the  manufacture 
of  cigars  have  been  reported  in  Trichinopoly,  one  in 
Madras,  seven  in  Madura,  and  eight  in  the  Godavcri 
district.  The  cigar-making  industry  in  Southern 
India  has  assumed  large  proportions. 

Woollen  Weaving  Establishments . — Five  of  these 
are  reported  from  the  Panjab,  where  carpets  are 
manufactured,  but  there  are  others  elsewhere  not 
reported. 


ELEMENTARY  AND  HIGHER  EDUCA  7 ION 
IN  FLORENCE. 

Elementary  education  in  Italy  is  compulsory  for 
children  between  six  and  nine  years  of  age.  Institutes 
for  public  instruction  arc  maintained  by  the  State 
cither  entirely  or  in  conjunction  with  the  commune. 
Those  not  belonging  to  the  State  must  follow  the 


same  jnogramme  as  Cjovcrnment  schools.  In  the  year 
1895-96  the  number  of  children  bound  by  law  to 
receive  elementary  education  in  the  commune  of 
Florence  was  as  follows : — (Children  between  six  an<l 
nine  years  of  age  inscribed  in  public  schools,  8,389 ; 
children  in  j)rivatc  schools,  2,052  ; children  e lucate'l 
at  home,  104  ; anrl  those  flispenscd  with  for  justified 
motives,  997,  Secondary  instruction  (classical)  is 
provided  in  the  frymnasium  and  Lyceum,  the  latter 
leading  to  the  university.  According  to  Consul- 
General  Chapman,  there  is  a technical,  commercial, 
and  professional  school,  the  object  of  which  is  to 
educate  girls  as  commercial  clerks,  accountants,  trans- 
lators, &c.,  in  a word,  to  import  to  them,  iKjside-  the 
ordinary  course,  such  supplementary  instruction  as 
may  enable  them  to  attend  to  all  professions  requiiing 
a moderate  degree  of  culture.  Very  few  schrmls  of 
this  sort  exist  in  Italy.  The  present  school  was 
founded  in  1879,  and  at  jiresent  it  consists  of  three 
classes,  in  which  the  following  education  is  im- 
parted : — First-class. — Italian,  so  as  to  enable  pupils 
to  compose  with  facility  and  precision  ; arithmetic,  as 
a preparation  for  book-keeping ; geography,  French 
and  English  languages.  Second-class. — Commercial 
correspondence,  theoretical  and  practical  book- 
keeping, commercial  geography,  French  and  English 
languages,  political  economy,  civil  and  commercial 
law,  &c.  Third-class. — Continuation  of  the  study  of 
the  above  subjects  in  conjunction  with  their  practical 
application,  especially  with  reference  to  trade  and 
commerce.  There  is  no  limit  of  age,  but  an  examina- 
tion is  prescribed  for  admission  which,  for  the  first- 
class,  should  correspond  to  that  for  obtaining  an 
elementary  certificate,  and  for  the  second-class,  to 
that  required  for  admission  to  normal  and  secondan.- 
schools.  The  admission  fee,  originally  very  small, 
has  been  gradually  raised  to  f\  los.  In  the  year 
1883,  the  new  president  commendatore,  Edward 
Philipson,  an  active  supporter  of  anything  advan- 
tageous to  Florentine  interests,  gave  a fresh  impetus 
to  the  school  by  proposing,  in  the  first  instance,  the 
formation  of  a committee  of  lady  patronesses  chosen 
among  the  leading  families  of  Florence,  with  the  view 
that  they  should  periodically  visit  the  school,  assist 
the  lady  director  in  her  office,  be  present  at  the 
examinations,  and  also  look  after  the  employment  of 
the  girls  leaving  the  school  with  certificates.  In  1884, 
this  institution  was  officially  recognised  by  the 
Government  as  a girls’  technical  school,  the  pro- 
gramme being  slightly  modified  in  conformity  with 
the  Government  regulations.  Tuition  in  national  and 
natural  history,  geometry,  and  drawing  was  also 
added.  In  1892,  it  was  further  supplemented  by  a 
“ professional  ” section  formed,  by  the  help  of 
Princess  Corsini,  for  the  teaching  o(  neeillcwork, 
ironing,  mending,  8cc.,  which  is  attended  by  about 
40  pupils.  The  average  annual  number  of  girls 
attending  the  technical  ami  commercial  sections  is 
about  100. 

Besides  21  universities  there  arc  in  Italy  13  superior 
institutes  or  smaller  institutes  having  special  tacullies  ; 
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of  these  three  are  situated  in  Florence,  and  comprise 
(i)  the  institute  of  higher  studies,  (2)  the  high  school 
for  girls,  and  (3)  the  school  of  social  sciences  and 
jurisprudence.  The  institute  of  higher  studies  com- 
prises the  following  faculties  : — Philosophy  and  litera- 
ture (four  years’  course),  physical  and  natural  sciences 
(four  years’  course),  medicine  and  surgery  (six  years’ 
course),  chemistry  and  pharmacy  (five  years’  course), 
and  midwifery  (two  years’  course).  It  was  founded 
in  1859  and  its  present  organisation  dates  from  1872, 
under  an  agreement  between  the  Government,  the 
province,  and  the  commune  of  Florence.  Its  admini- 
stration is  entrusted  to  a board  of  directors  consisting 
of  six  members,  three  of  whom  are  appointed  by  the 
commune,  two  by  the  Government,  and  one  by  the 
province.  Not  being  a body  corporate  this  institute 
possesses  no  patrimony,  and  the  buildings,  collections, 
and  equipment  are  State  property.  By  Article  3 of 
the  above-mentioned  agreement  the  annual  allowance 
for  the  maintenance  of  the  institute  was  fixed  at 
j{,2I,6oo,  the  State  contributing;^!, 300,  the  remainder 
being  paid  one-third  by  the  province  and  two-thirds 
by  the  commune.  In  1896  the  total  revenue  amounted 
to  £2(),^6‘]  and  the  expenditure  to  Pro- 

fessors receive  between  £200  and  £T)20  per  annum. 
On  its  staff  of  teachers  are  Senatore  Pasquale 
Villari ; Commendatore  Severini,  Professor  of  Asiatic 
languages;  Commendatore Giglioli;  Professor Lustig, 
the  discoverer  of  the  serum  for  curing  the  bubonic 
plague ; Senatore  Mantegazza,  and  many  others.  An- 
nexed to  this  institute  there  is  a national  museum  of 
anthropology  and  ethnology,  an  Indian  and  a psycho- 
logical museum,  a museum  of  ancient  physical  and 
astronomical  instruments,  a meteorological  observatoiy 
and  many  cabinets  and  laboratories,  the  latter  being 
partly  on  the  premises  and  partly  annexed  to  the 
museum  of  natural  history  in  the  via  Romana,  which 
also  belongs  to  the  institute.  It  is  also  furnished 
with  an  Oriental  printing  office,  under  the  superin- 
tendence of  the  president  of  the  faculty  of  philosophy 
and  philology,  possessing  all  the  Oriental  type  which 
belonged  to  the  once  celebrated  Medicean  printing 
office,  consisting  of  Arabic,  Turkish,  Persian,  Syriac, 
and  Armenian,  to  which  other  types  of  all  sorts  of 
Asiatic  languages  have  been  added. 


VITICULTURE  IN  RUSSIA. 

Although  the  results  of  last  year’s  grape  harvest, 
especially  in  the  Crimea,  were  disappointing — a fact 
due  to  unfavourable  weather,  and  to  the  ravages  of 
the  phylloxera — viticulture  in  Russia  has  within  the 
last  fifteen  years  made  enormous  strides.  At  one 
time  confined  to  the  south-east  of  the  Crimea,  it  now 
extends  in  a northerly  and  north-easterly  direction 
into  the  provinces  of  Kherson,  Podolia,  and 
Bessarabia,  some  of  the  plantations,  notably  that  of 
Prince  Troubetzkoi,  covering  an  area  of  500  acres. 
In  the  Government  of  Bessarabia  in  particular,  the 
progress  made,  according  to  the  Acting  British 


Consul-General  at  Odessa,  has  been  veiy  marked, 
both  in  the  extent  of  land  under  cultivation,  and  in 
the  quality  of  wines  pioduced.  The  former  fact  is 
brought  out  by  a comparison  of  the  area  under  culti- 
vation in  1893,  Avhich  amounted  to  108,000  acres,  and 
that  in  1897,  Avhich  Avas  175,000  acres.  The  latter 
fact  is  CA’ident  Avhen  Ave  consider  that  a province, 
which  at  one  time  produced  only  Avine  rated  as 
v'ery  inferior,  has  noAv  gained  a reputation  for 
the  quality  of  its  superior  Avines,  Avhich  are  quite 
equal  to  good  quality  French  Avines,  over  Avhich 
they  have  a considerable  advantage  in  point  of 
price.  The  causes  militating  against  the  Avine  harvest 
in  the  Crimea  have  also  been  present  in  Bessarabia, 
so  that  the  finer  quality  Avines  are  this  year  more 
limited  in  quantity  and  higher  in  price  than  in  a good 
season.  The  quality  of  the  Bessarabian  Avines,  both 
red  and  AV'hite — the  red  bearing  a close  resemblance 
to  Burgundy,  the  Avhite  partaking  of  the  nature  of 
hock — should  render  them  acceptable  in  England  and 
other  countries,  and  it  is  confidently  believed  that  in 
course  of  time  Russian  Avine  Avill  compete,  Avith  effect, 
on  the  markets  of  Europe  ; in  fact,  it  may  be  Avorthy 
of  note  that  it  figured  in  1897  among  the  exports 
from  South  Russia,  AA'hen  the  first  shipment  of  the 
kind  Avas  made  to  the  British  Isles.  The  develop- 
ment of  viticulture  has  led  to  the  establishment,  in 
Odessa,  of  two  champagne  factories.  One  of  these 
has  not  yet  commenced  operations,  but  the  other  has 
been  Avorking  under  most  favourable  circumstances 
for  some  time,  competing  most  successfully  Anth 
French  champagne. 


EM  PL  O YMENT  OF  WOMEN  IN  GERMANY. 

The  German  GoA'emment  appears  to  be  folloAving 
the  example  of  England  and  America  in  employing 
women  in  the  Post-office  Department.  The  experi- 
ment of  using  them  as  clerks  and  directors  of  smaller 
post-offices  has  been  satisfactory.  The  department 
is  noAv,  according  to  the  United  States  Consul  at 
Freiburg,  going  a step  further,  and  is  appointing 
AAmmen  assistants  in  the  telegraph  and  telephone 
offices.  A great  many  Avomen  have  also  been 
appointed  to  take  full  charge  of  smaller  post-offices, 
preference  being  given  to  the  wddoAvs  of  deceased 
postmasters.  Those  who  haA'e  been  in  the  employ  of 
the  GoA'ernment  a long  time,  are  to  receive  a salary 
of  1,200  marks  {£60)  per  annum,  with  an  extra 
alloAvance  of  500  marks  {£2^)  for  house  rent.  In 
Norway,  A\mmen  have  for  some  time  been  employed 
in  the  railway  and  post-office  services,  and  are  noAv 
receiving  appointments  as  super\isors  of  railway 
stations.  They  receive  the  reports  from  the  guards, 
ansAA^er  the  questions  of  travellers,  caU  out  the  trains 
in  the  Avaiting-rooms,  ring  the  station  bell  at  the 
departing  of  the  train,  and  telegraph  its  departure  to 
the  next  station.  They  perform  the  duties  of  Govern- 
ment telegraph  operators,  and  often  those  of  post- 
masters. 
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Notices. 


EXAMINATIONS,  1899. 

The  dates  fixed  for  the  Society’s  Examinations 
in  1899  are  Monday,  March  13th,  Tuesday, 
14th,  Wednesday,  15th,  and  Thursday,  i6th. 

The  Programme  of  Examinations  is  now 
ready.  Copies  of  the  Programme,  with  full 
details,  and  an  Appendix  containing  last 
year’s  questions  and  reports  by  the  Examiners, 
can  be  had,  price  3d.,  post  free,  on  application 
to  the  Secretary,  Sir  Henry  Trueman  Wood, 
Society  of  Arts,  Adelphi,  W.C. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 
ELECTRIC  TRACTION. 

By  Prof.  Charles  A.  Carus  - Wilson, 

M.A.,  M.Inst.C.E. 

Lecture  I. — Delivered  May  2,  1898. 

The  subject  about  which  I have  been 
announced  to  speak  to  you  to-night  is  a very 
wide  one,  and  you  will  understand  that  it  is 
impossible  in  the  short  time  allotted  to  cover 
anything  but  a very  small  area  of  the  field  of 
electric  traction,  and  that  it  will  be  necessary 
to  confine  ourselves  to  some  special  branch  of 
it.  I propose,  then,  to  direct  your  attention  to 
some  principles  connected  with  the  subject  of 
the  direct  current  motor  in  its  application  to 
electric  traction. 

The  old  ideas  that  we  used  to  have  of  the 
treatment  of  this  subject  are  proving  to  be 
inapplicable  to  the  solution  of  many  problems 
that  are  now  pressing  upon  the  electrical 
engineer.  If,  for  instance,  you  were  to  ask  those 
who  are  designing  the  electrical  equipment  of 
the  Central  London  Railway  which  is  now 
being  made  from  the  west  to  the  east  o^. 


London,  they  would  tell  you  that  there  were 
problems  in  connection  with  that  enterprise 
which  had  not  hitherto  presented  themselves 
for  solution  to  electrical  engineers.  'J’hese 
problems  are  almost  entirely  connected  with 
the  motor  element  of  the  electrical  equipment, 
and  it  is  to  them  that  I propose  more  par- 
ticularly to  direct  your  attention  in  the  follow- 
ing  lectures. 

Although  I have  been  announced  to  speak 
on  the  subject  of  electric  traction,  the  first 
thing  I am  going  to  do  is  to  ask  you  to 
consider  the  electric  motor  in  a state  of  rest. 
This  may  appear  to  be  unreasonable,  but 
we  are  too  much  accustomed  to  con.sider 
the  motor  as  being  always  in  a state  of  motion, 
and  the  reason  why  J am  going  to  confine  my 
remarks  to-night  entirely  to  the  motor  in  a 
state  of  rest  is  because  the  solution  of  the 
problems  to  which  I have  referred  can  be 
arrived  at  only  by  a thorough  knowledge  of 
what  is  going  on  in  an  electric  motor  when  it  is 
at  rest.  If  we  can  understand  what  is  taking 
place  in  an  electric  motor  when  it  is  at  rest,  it 
will  be  easy  to  understand  its  action  when  it  is 
in  motion. 

At  the  risk  of  going  over  ground  that 
must  be  familiar  to  many  present,  I propose 
to  describe  briefly  the  relation  between  the 
armature  and  the  magnets  of  a motor.  Here 
I have  a direct  current  motor,  made  by 
the  Crocker  Wheeler  Company,  of  Ampere,  in 
New  Jersey,  and  kindly  lent  me  by  the  General 
Electric  Company.  This  particular  motor  is 
not  designed  for  electric  traction,  but  I need  not 
say  that  the  principles  on  which  it  acts  are 
identical  with  those  that  are  so  designed.  Now 
in  the  electric  motor  we  have  the  two  parts, 
the  armature,  and  the  magnets.  Let  us  briefiy 
notice  what  takes  place.  Suppose  that  Fig.  i 
represents  a section  of  an  armature  and  pole 
pieces,  taken  at  right  angles  to  the  shaft.  All 
round  the  armature  there  lie  a number  of  wires 
parallel  to  the  shaft,  which  are  called  surface 
conductors,  because  they  lie  on  the  surface, 
being  thus  distinguished  from  those  that  lie 
inside  the  armature,  and  are  of  no  use  for 
producing  force.  Suppose  that  A and  B 
represent  two  of  these  conductors  lying  on  each 
side  of  the  armature.  When  a current  passes 
through  the  motor  we  have  current  passing  in 
one  direction  on  one  side  of  the  armature,  and 
on  the  other  side  in  the  opposite  direction,  as 
shown  by  the  cross  at  A and  the  dot  at  B. 
When  we  send  a current  through  the  magnets, 
we  get  lines  of  force  through  the  magnetic 
circuit  of  the  motor,  the  direction  of  which  is 
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indicated  by  arrows  in  the  figure.  The  result 
is  that  we  have  a force  on  the  wires,  the 
direction  of  which  is  shown  in  the  figure.  Now 
on  the  other  side  of  the  armature  the  current  is 
in  the  opposite  direction,  so  that  the  me- 
chanical force  on  the  wire  is  reversed.  We 
have  thus  a twist  or  torque  tending  to  turn  the 
armature  to  which  the  conductors  are  fixed. 

To  illustrate  what  I have  been  saying  I am 
going,  firstly,  to  magnetise  the  magnets  by 
passing  a current  through  the  shunt-winding. 
These  magnets  are  now  strongly  excited,  and 
the  lines  of  force  are  passing  through  the  mag- 
netic circuit.  Now  I am  going  to  pass  a cur- 
rent through  the  armature,  and  the  current  will 
be  indicated  on  this  ammeter.  This  is  a 
Weston  ammeter  with  an  illuminated  dial, 
kindly  lent  by  Messrs.  Elliott  Brothers,  it  is 


ture ; that  is  to  say,  supposing  we  have  a 
magnetic  field  of  constant  strength,  and  pass 
a current  through  the  armature  of  gradually 
increasing  amount,  we  should  see  this  scale 
gradually  pulled  further  down,  indicating  a 
gradually  increasing  pull. 

On  the  other  hand,  we  see  also  that  if  we 
keep  the  current  in  the  armature  constant,  and 
vary  the  strength  of  the  magnetic  field,  we  find 
exactly  the  same  effect  as  before ; that  is  to 
say,  the  balance  would  be  pulled  down  exactly 
in  proportion  as  we  increased  the  strength  of 
the  field.  Now,  for  the  present,  I am  going  to 
express  the  strength  of  the  field  by  the  letter 
M,  so  that  we  may  say  that  T varies  as  the 
product  of  C M,  where  C represents  what  is 
varying  in  the  armature,  and  M represents 
what  is  varying  in  the  magnets. 


calibrated  up  to  15  amperes,  and  measures  the 
current  passing  in  the  armature  of  the  motor. 

This  spring  balance  is  attached  to  a cord 
passing  round  this  wooden  pulley,  which  is 
keyed  on  to  the  shaft,  so  that  we  can  measure 
the  force.  We  have  now  got  a current  of  5 
amperes  passing  in  the  armature,  and  we  have 
a pull  on  the  balance  of  16  lbs.  Here,  then, 
we  have  the  very  simplest  illustration  of  the 
twisting  force  produced  by  a current  when  it 
passes  through  the  conductors  of  an  armature 
in  the  presence  of  a magnetic  field. 

Now  there  are  two  elements  which  go  to 
make  up  the  force  which  we  have  here 
measured ; the  one  is  the  current  in  the  arma- 
ture, and  the  other  is  the  magnetic  field. 
Suppose  that  we  write  T for  the  pull  on  the 
spring  balance,  then  we  see  that  T varies  in 
the  first  place  g,s  C,  the  cprrept  ip  the  qrrna- 


I want  to  say  a few  words  about  this  quantity 
M.  I have  spoken  of  it  briefly  as  represent- 
ing the  strength  of  the  magnets,  but  we  have 
to  be  very  much  more  precise  of  course  than 
that,  and  we  must  inquire  more  exactly  what 
this  quantity  M represents. 

It  is  always  a help  to  give  a thing  a name, 
and  we  will  call  M the  induction-factor  of  the 
motor.  Now  the  induction-factor  can  be  ex- 
pressed by  a very  simple  formula,  namely— 

M =3^  A N 10 

This  is  a very  easy  formula  to  remember,  and 
we  shall  find  it  very  useful. 

In  the  first  place,  A represents  the  number 
of  conductors  on  the  surface  of  the  armature  ; 
that  is  to  say,  if  we  take  this  armature  out  of 
its  place,  and  take  of  all  the  wrapping  sur- 
jfpunding  it,  pnd  find  how  many  condpctor§ 
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there  are  lying  on  the  outside  surface  of 
the  armature,  this  would  give  us  what  we 
call  A,  the  number  of  surface  conductors.  In 
this  machine  the  number  of  surface  conductors 
is  very  easily  found,  because  there  are  32  slots 
cut  in  this  armature,  and  in  each  one  of  those 
slots  there  are  32  conductors,  making  in  all 
1,024  surface  conductors,  so  that  for  this  par- 
ticular dynamo  A is  1,024.  Ne.  are  sometimes 
liable  to  be  misled  in  counting  the  number  of 
conductors,  because  the  conductors  are  some- 
times arranged  in  parallel  with  one  another, 
and  two  may  only  serve  actually  as  one  con- 
ductor, so  that  we  have  to  be  careful  in  count- 
ing the  number  of  conductors  round  the  surface 
of  the  armature  not  to  count  as  two  conductors 
two  wires  which  are  really  simply  acting  as 
one.  In  this  case  each  one  of  these  32  con- 
ductors in  each  of  these  32  slots  is  carrying 
half  of  the  whole  current  that  goes  through  the 
armature,  so  that  we  know  we  are  not  making 
a mistake. 

The  quantity,  I,  that  I have  written  down 
depends  upon  the  way  in  which  the  armature 
is  wound.  In  the  case  of  a machine  with  two 
poles  p is  unity,  and  in  every  bi-polar  machine 
P must  be  unity  ; but  when  you  come  to  four 
poles,  p may  be  one  or  it  may  be  two,  accord- 
ing to  the  way  the  armature  is  wound,  whether 
in  series  or  in  parallel.  Generally  we  may 
define  p as  being  the  ratio  of  the  number  of 
surface  conductors  in  series  between  the  main 
terminals  of  the  machine  to  the  number  of 
surface  conductors  lying  between  two  adjacent 
neutral  points.  It  is  obvious  that  in  a two- 
pole  machine  this  ratio  must  be  unity,  but  in  a 
four-pole  machine  it  may  be  two  or  may  be 
one,  according  to  the  way  the  armature  is 
connected. 

The  quantity  N is  of  an  essentially  different 
nature  to  either  of  the  two  quantities  A or/, 
since  these  are  fixed  for  any  given  machine, 
and  cannot  be  altered  ; that  is  to  say,  you 
cannot  alter  the  number  of  surface  conductors 
on  a machine,  and  you  cannot  alter  the  way 
the  armature  is  connected  up.  But  N is  not 
a fixed  quantity,  since  it  is  the  number  of 
useful  lines  of  force  which  enter  the  armature 
from  any  one  pole,  and  consequently,  we  are 
able  to  make  N vary  as  we  please  by  varying 
the  current  passing  round  the  magnets. 

Let  us  take  this  motor,  and  see  if  we  can 
calculate  M roughly  from  the  equation  I 
have  given  you.  Here  we  have  p z=z  \,  and 
A 1 ,024.  What  is  N for  this  machine  ? How 
many  useful  lines  of  force  are  there  per  pole  ? 
We  know  that  the  number  of  lines  of  force  per 


pole,  passing  across  the  air  gap  from  the  pole 
into  an  armature  of  a machine  of  this  kind,  must 
be  somewhere  aVjout  4,000  or  5,000  lines  per 
square  centimetre ; let  us  say  4,500.  I have 
measured  the  area  roughly,  and  find  it  to  be 
about  8 centimetres  this  way,  and  17  centi- 
metres that  way,  giving  us  about  136  square 
centimetres ; multiplying  this  by  the  4,500 
lines  per  square  centimetre,  we  get  610,000  as 
a rough  estimate  of  the  number  of  lines  per 
pole.  Hence  we  find  the  value  of  M to  be  6'2, 
that  is  to  say,  this  quantity  that  1 call  the 
induction-factor  has  in  this  particular  motor  a 
value  roughly  of  about  6.  We  shall  find  that 
the  induction-factor  will  form  the  basis  of  all 
our  calculations  about  the  action  of  a motor  in 
electric  traction,  and  it  is  absolutely  necessary 
to  have  some  such  factor  as  this  in  our  minds 
when  we  are  talking  about  a motor.  When 
you  tell  me  that  a motor  has  an  induction- 
factor  of  6,  I can  tell  you  exactly  what  that 
motor  will  do  under  any  conditions. 

Hitherto  I have  attempted  simply  to  calculate 
the  value  of  M,  assuming  a certain  value  for 
the  number  of  useful  lines  per  pole.  Let  us  see 
how  we  can  measure  this  quantity  M.  One  of 
the  simplest  ways  of  doing  this  is  to  measure 
mechanically  the  pull  produced  by  a given 
current.  We  can  then  find  M by  a very 
simple  formula  which  I will  give  you. 

Suppose  that  t represents  the  twist  or  torque 
on  the  shaft  in  inch-pounds.  Then  if  the  motor 
has  an  induction-factor  of  M,  and  the  armature 
is  carrying  a current  of  C amperes,  the  torque 
in  inch-pounds  on  the  shaft  of  the  armature 
is  given  by — • 

/=  1-41  CM. 

We  can  use  this  formula  in  two  ways,  we  can 
either  take  M as  known  and  find  the  torque 
for  a given  current,  or  measure  t and  find  M. 
We  will  suppose  that  we  do  not  know  what  M 
is,  and  find  M by  measuring  the  torque  for  a 
given  current.  You  will  notice  that  the  torque  of 
which  I am  speaking  is  simply  the  pull  indicated 
on  the  balance,  multiplied  by  the  radius 
of  the  pulley  round  which  this  cord  is  passing. 
In  this  case  the  diameter  of  the  pulley 
is  5^  inches,  so  that  the  radius  is  275  inches, 
and  we  have  simply  to  multiply  the  pull  as  in- 
dicated on  the  scale  by  275  to  give  the  torque. 
We  must  be  careful  to  notice  that  we  get  a 
small  indication  on  the  scale  without  any  cur- 
rent in  the  armature  ; this  is  due  to  the  fact 
that  it  requires  a certain  amount  of  force  to 
turn  the  armature  against  the  friction  of  the 
bearings  of  the  niachines  and  the  brushes. 
There  is  no  current  passing  new,  and  in  this 
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case  it  requires  nearly  2 lbs.  pull  on  the  balance 
to  turn  the  armature.  So  that  you  see  when 
we  want  to  find  exactly  how  much  torque  is 
produced  by  the  current  we  have  to  deduct 
this  2 lbs.  from  the  pull  as  indicated  on  the 
scale. 

I will  first  of  all  magnetise  the  magnets, 
and  then  I will  send  the  current  through  the 
armature.  There  is  now  a current  of  6 amperes 
passing,  and  the  pull  on  the  scale  is  21  lbs. 
From  this  we  have  to  deduct  2 lbs.  for  friction, 
giving  us  19  lbs  as  the  effort  actually  produced 
by  the  action  of  the  current  on  the  magnetic 
field.  We  have  to  multiply  this  by  2-75,  giving 


multiplying  the  current  by  1-41  times  M,  thus 
obtaining  the  torque  in  inch-pounds  for  that 
current. 

The  quantity  M varies  with  the  number  of 
useful  lines  of  force  passing  from  each  pole 
i into  the  armature.  Suppose  that  we  make  an 
experiment,  and  vary  the  magnetising  current 
in  the  magnets,  and  for  each  current  that  we 
have  there  passing,  observe  the  pull  on  the 
balance,  ve  could  then,  by  the  method  I have 
just  shown  you,  measure  the  value  of  M for 
each  value  of  the  current  in  the  magnets.  We 
could,  in  that  way,  get  a curve,  which  I shall 
call  the  induction  curve,  such  as  we  have  here 


Fig.  2. 


us  52-5  inch-pounds  of  torque.  We  have  now 
simply  to  equate  this  to  1-41  CM,  where  M is 
the  unknown  quantity  and  C is  6 amperes,  and 
we  get  the  value  of  M roughly  about  6. 

You  see  this  is  a very  simple  way  of 
measuring  the  induction-factor  of  this  machine. 
It  has  been  done  quite  roughly,  but  it  shows  how 
it  can  be  done  in  practice  ; that  is  to  say,  we 
have  here  a method  of  finding  the  .value  of  M, 
the  induction  factor.  When  once  we  have 
determined  the  value  of  M for  any  machine, 
the  number  of  useful  lines  of  force  passing 
through  the  . armature,  being  constant,  we  can 
tell  exactly  what  mechanical  effect  we  shall 
get  from  that  machine  for  any  given  current  by 


in  Fig.  2.  If  we  set  off  the  values  of  the 
magnet  current  in  amperes  horizontally,  and 
the  value  of  M vertically,  we  shall  get  a curve 
which  you  will  all  recognise  as  being  very 
much  like  what  is  called  the  characteristic  of 
the  machine.  Perhaps  you  say  “ Why  do  you 
not  call  it  the  characteristic  of  the  machine 
instead  of  calling  it  the  induction  curve?” 
Well,  in  the  first  place,  it  is  not  the  character- 
istic, and  in  the  second  place  it  has  a great 
many  advantages  over  what  is  called  the 
characteristic,  as  I hope  to  show  later  on.  You 
will  have  noticed  that  all  this  time  I have 
assumed  that  the  armature  is  at  rest.  Now 
when  we  speak  of  the  characteristic  of  a 
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machine,  we  suppose  that  the  machine  is  run- 
ning at  a certain  speed.  Hitherto  I have  said 
nothing  at  all  about  speed,  I have  considered 
simply  the  motor  in  a state  of  rest.  I want  you 
to  understand  that  this  induction  curve  repre- 
sents the  magnetic  condition  of  the  motor  in  a 
state  of  rest.  I can  obtain  the  characteristic 
from  the  induction  curve  by  simply  multiplying 
the  value  of  M by  the  number  of  revolutions 
per  second.  The  induction  curve  is  the  basis 
of  all  characteristics,  and  is  entirely  indepen- 
dent of  speed. 

The  figure  I am  now  showing  you  on  the  screen 
is  the  induction  curve  of  the  motors  used  on 
the  City  and  South  London  Railway.  Amperes 
in  the  magnets  are  measured  horizontally,  and 
corresponding  values  of  the  induction  factor 
vertically.  You  see  that  the  current  in  the 
magnets  goes  up  to  150  amperes,  and  the 
value  of  M increases  from  nothing  to  a little 
over  62.  In  the  motor  we  have  here  on  the 
table,  the  magnetisation  is  produced  by  what 
is  called  a shunt  winding,  that  is  to  say,  that 
the  current  through  the  magnets  is  entirely 
independent  of  that  through  the  armature.  In 
the  machine,  whose  induction  curve  is  given 
in  Fig.  2,  the  current  through  the  magnets  is 
the  same  as  that  which  goes  through  the 
armature,  and  this  has  a very  important 
influence  on  the  mechanical  effect  produced. 

Let  us  consider  what  result  we  should  get  if 
we  increased  the  current  in  the  magnets,  and 
observed  the  value  of  the  torque  in  a machine 
of  this  kind.  If  we  could  neglect  the  reluct- 
ance of  the  iron  in  the  magnetic  circuit,  the 
induction  curve  would  be  a straight  line 
passing  through  the  origin,  i.e.,  M would  be 
directly  proportional  to  the  current.  Now,  the 
torque  is  proportional  to  the  product  of  M and 
C,  hence  the  torque  would  vary  as  the  square 
of  the  current.  In  practice  we  cannot  neglect 
the  reluctance  of  the  iron,  and  the  induction 
curve  therefore  bends  over  as  in  Fig.  2,  with 
the  result  that  the  torque  increases  as  the 
square  of  the  current  only  near  the  origin. 
If  however  we  could  make  the  iron  portion  of 
the  magnetic  circuit  so  massive  that  we  could 
neglect  the  magnetic  reluctance  of  the  iron, 
the  torque  would  increase  as  the  square  of  that 
current.  Herein  lies  the  great  advantage  of 
using  what  is  called  series  winding.  We  shall 
find  that  in  the  design  of  railway  motors,  this 
increase  in  the  torque,  due  to  series  winding, 
is  of  the  greatest  value. 

It  is  clearly  of  the  utmost  importance  to 
reduce  as  much  as  possible  the  saturation  of  the 
iron,  because  if  the  value  of  M does  not  increase 


directly  with  the  current,  the  curve  bends  over, 
and  the  torque  does  not  then  increase  as  the 
square  of  the  current,  but  at  a very  much  low(-r 
rate.  I may  illustrate  this  by  the  curv(?  in 
Fig.  2.  You  see  that  instead  of  the  induction 
factor  increasing  with  the  current  in  the  mag- 
nets, it  bends  over  rapidly.  This  is  entirely 
due  to  the  saturation  of  the  iron.  If  this 
motor  was  going  to  be  used  with  currents 
not  exceeding  40  amperes,  we  should  find 
the  torque  increasing  as  the  square  (T  the 
current,  since  up  to  that  point  M increases 
nearly  directly  as  the  current.  As  a matter  of 
fact,  this  machine  is  used  for  currents  ranging" 
from  about  75  amperes  up  to  about  iso 
amperes,  whc're  you  see  the  induction-curve  is 
very  nearly  horizontal,  so  that  although  this 
motor  is  series  wound,  it  has  none  of  the 
advantages  of  a series  wound  motor,  d'hat  is 
to  say,  instead  of  the  torque  increasing  with 
the  square  of  the  current,  it  increases  only  v.-ry 
little  more  than  the  first  power  of  the  current. 

In  Fig.  3 we  have  the  induction  curve  of  a 
well-known  series  wound  motor  made  by  the 
General  Electric  Company,  and  called  by 
them  the  G.E.  800  Railway  Motor.  The  in- 
duction curve  is  obtained  by  a method  that 
I shall  describe  later,  not  by  the  torque 
method.  For  a current  of  20  amperes  in  the 
machine  the  induction  factor  is  40,  while  for  a 
current  of  40  amperes  the  induction  factor  is 
nearly  60.  The  maximum  current  in  this 
machine  is  generally  about  40  amperes,  and 
the  minimum  is  about  15  amperes.  Between 
those  limits  the  induction  curve  is  fairly  straight, 
though  it  is  beginning  to  bend  over  owing  to 
the  saturation  of  the  iron.  You  see  that  the 
induction  curve  is  very  much  more  straight 
between  the  limits  of  current  through  which 
this  machine  is  being  used  than  the  curve  in 
Fig.  2. 

From  the  induction  curve  I have  constructed 
a torque  curve,  by  using  the  formula  giving 
the  torque  in  terms  of  C and  M ; that  is  to  say, 
I have  taken  different  values  of  the  current 
and  multiplied  by  I’qi  times  M,  the  corres- 
ponding value  of  the  induction  factor,  and  set 
up  vertically  a distance  representing  the  num- 
ber of  inch-pounds  of  torque. 

You  sec  that  I have  here  drawn  two  torque 
curves,  one  is  the  curve  of  total  torque  obtained 
from  the  induction  curve,  and  the  other  is  a 
curve  which  lies  a little  below  it.  This  second 
curve  is  obtained  from  an  actual  test  of  the 
motor,  and  represents  the  number  of  inch-pounds 
of  torque  actually  observed  on  a brake,  while 
the  motor  was  running.  The  small  circles  in 
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the  figure  are  points  of  actual  observation. 
You  notice  that  this  curve  lies  below  the  other 
curve.  What  is  the  meaning  of  that  ? It 
means  simply  that  of  the  total  torque  produced 
by  the  action  of  the  current  on  the  magnets, 
and  obtained  by  the  equation  i-qi  C M,  a 
certain  amount  is  lost  in  overcoming  internal 
friction,  hysteresis,  gear  loss,  &c.,  so  that  the 
ratio  of  one  ordinate  to  the  other,  for  any  given 
current,  represents  the  mechanical  efficiency  of 
the  motor  for  that  current. 


hysteresis,  &c.,  leaving  only  2,780  inch-pounds  , 
of  torque  available  for  useful  effort.  This  gives  j 
us  the  mechanical  efficiency,  which  is  equal  to  ' 
84  per  cent.  This  is  a small  per-centage,  but  1 
it  must  be  borne  in  mind  that  the  loss  of  540  : 
inch-pounds  includes  the  loss  of  the  gearing 
which  is  considerable,  and  that  in  a gearless 
equipment  the  per-centage  loss  would  be  very 
much  less,  and  the  mechanical  efficiency 
might  be  as  high  as  94  or  95  per  cent.  We 
have  thus  arrived  at  the  stage  at  which  we 


Fig.  3. 


In  Fig.  4 we  have  the  efficiency  curves  for 
this  motor  for  any  given  current,  the  loss  due 
to  the  friction  of  the  gears,  &c.,  is  set  off 
vertically  as  a certain  per-centage  of  the  whole 
amount  of  energy  supplied  to  the  motor,  and  you 
see  that  each  vertical  ordinate  represents  the 
per-centage  available  for  useful  effort,  after 
deducting  that  lost  in  heating  and  overcoming 
frictional  and  other  resistance  to  motion. 

Let  us  now  make  a short  calculation  about 
this  motor ; suppose  that  we  take  a current  of 
40  amj)eres.  You  see  that  the  value  of  the 
induction  factor  for  this  current  is  about  59. 
If  we  multiply  that  by  1-41  times  40  we  get  a 
total  torque  of  3,320  inch-pounds  available  for 
all  purposes.  Now  of  this  amount  of  torque  a 
certain  proportion,  540  inch-pounds,  is  lost 
in  overcoming  friction  of  gear  and  bearings. 


can  calculate  the  precise  amount  of  torque 
produced  by  a given  current  in  a motor,  when 
we  know  the  number  of  surface  conductors,  and 
the  number  of  useful  lines  of  force  passing 
through  the  armature.  We  must  now  proceed 
to  consider  how  the  torque  on  the  shaft  of  the 
motor  is  communicated  to  the  draw-bar  of  the 
railway-car  in  actual  practice.  Referring  once 
more  to  the  action  of  this  motor  on  the  table,  it 
is  obvious  that  it  makes  no  difference  whether 
this  cord  pulls  a weight  up  vertically,  or 
acts  against  an  equal  force  horizontally.  Let 
us  suppose  that  it  acts  horizontally,  that  is  to 
say,  that  a cord  runs  olf  this  pulley  in  a hori- 
zontal direction.  It  is  clear  that  we  should 
have  exactly  the  same  dynamical  conditions  if 
the  end  of  the  cord  were  fixed  and  the  pulley 
free  to  roll  along  a horizontal  rail.  The  func- 
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tion  of  the  cord  is  now  to  ensure  that  the  pulley  The  force  which  we  have  hitherto  considered 
rolls  without  slipping.  We  can  effect  this  as  acting  at  the  rim  of  the  wheel  now  appears 


equally  well  by  pressing  the  pulley  on  the  rail. 
If  the  resistance  to  slipping  caused  by  the 
pressure  exceeds  the  original  pull,  the  cord 


as  a force  acting  at  the  centre  of  the  wheel 
parallel  to  the  rail,  tending  to  push  the  whole 
motor  along  the  rail. 


may  be  dispensed  with,  and  we  then  have  the  Fig.  5 is  a view  of  one  of  the  locomotives 
conditions  of  an  ordinary  railway  motor.  used  on  the  City  and  South  London  Railway. 
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The  armature  of  the  motor  is  concentric  with 
the  axles  of  the  driving  wheels  ; these  corres- 
pond to  our  wooden  pulley,  and  roll  on  the 
rail.  The  torque  produced  by  the  action  of  the 
magnets  on  the  current  in  the  armature  tends 
to  make  this  wheel  roll  along  the  rail. 

Let  us  see  how  we  can  apply  our  equations 
to  find  out  the  amount  of  the  pull  obtained  by 
using  two  such  motors  in  a locomotive  of  this 
kind.  First  of  all  we  must  observe  that  the 
torque  produced  is  equal  to  the  product  of 
the  horizontal  force,  T,  acting  at  the  centre  of 
the  wheel,  called  the  draw-bar  pull,  multiplied 
by  the  radius  of  the  wheel  ; that  is  to  say,  T 
multiplied  by  half  the  diameter  of  the  driving 
wheel  is  the  t that  we  have  used  in  our  equa- 
tions. In  this  case  the  wheels  are  27  inches  in 
diameter,  so  that  all  that  we  have  to  do  is  to 
know  what  is  the  value  of  the  induction  factor 
of  these  motors  for  any  given  current  and  the 
mechanical  efficiency,  and  we  can  at  once  tell 
what  amount  of  draw-bar  pull  or  horizontal 
effort  available  for  hauling  purposes  we  can 
get  with  two  of  those  motors.  If  we  refer  to 
the  induction  curve  of  these  motors,  which  I 
have  shown  you  in  Fig.  2,  we  shall  see  that  for 
150  amperes  in  the  motor  the  value  of  the 
induction  factor  is  63.  If  we  put  these  values 
in  the  equation  t — 1-41  C M,  remembering 
d 

that  / = T where  d is  27  inches,  we  shall 

find  that  T is  980  lbs.  Now  this  is  the  total 
pull  produced  by  each  of  these  motors  with 
150  amperes,  so  that  we  have  to  deduct  what 
is  lost  in  overcoming  friction.  We  put  that  in 
the  way  of  a certain  per-centage  of  mechanical 
efficiency.  Let  us  suppose  the  mechanical 
efficiency  is  95  per  cent.,  we  should  have 
then  936  lbs.  per  motor  of  horizontal  effort 
available  for  useful  purposes,  or  a total  of 
1,872  lbs.  for  the  whole  locomotive.  You 
sec  then  that  when  we  have  the  induction 
curve  of  the  motor,  and  the  diameter  of  the 
driving  wheel,  we  can  tell  exactly  how  much 
horizontal  pull  we  can  get  from  the  locomotive 
for  any  given  current. 

The  case  that  we  have  just  considered  is  the 
simplest  of  all,  since  no  gearing  is  used,  but  in 
the  majority  of  cases  the  armature  of  the  motor 
is  not  mounted  directly,  upon  the  main  driving 
axle  of  the  locomotive,  but  is  connected  to  it  by 
means  of  gearing,  that  is  to  sa}q  a spur  wheel  is 
placed  on  the  main  driving  axle,  and  on  the 
shaft  of  the  motor  is  keyed  a small  wheel,  the 
pinion  meshing  into  the  spur  wheel.  We  then 
have  three  wheels,  the  spur  wheel,  the  pinion, 
and  the  driving  wheel.  The  only  alteration  that 


has  to  be  made  in  our  equations  is  that  the 
amount  of  torque  that  we  get  with  a given 
current  in  the  motor  is  greater  than  what  we 
should  get  if  that  motor  was  put  directly  on 
the  main  driving  axle,  in  the  proportion  of  the 
number  of  teeth  in  the  spur  wheel,  to  the 
number  of  teeth  in  the  pinion.  If  we  call  v the 
velocity  ratio  of  the  gearing,  that  is  the  ratio 
of  the  speed  of  the  motor  to  that  of  the  driving 
axle,  which,  of  course,  is  the  same  thing  as  the 
ratio  of  the  number  of  teeth  in  the  two  wheels, 
then  we  have  simply  to  multiply  by  v to  get 
the  draw-bar  pull  obtained  by  a given  current, 
with  a given  induction  factor.  Of  course,  the 
introduction  of  gearing  would  reduce  the  speed 
of  the  locomotive  in  the  proportion  of  57  to  i,  so 
that  the  rate  of  working  would  be  unaltered. 

The  only  further  change  is  that  when  we 
come  to  deal  with  gearing  we  cannot  get  such  a 
high  per-centage  of  mechanical  efficiency,  and 
instead  of  taking,  as  we  have,  95  per  cent,  of 
mechanical  efficiency,  we  shall  have  to  be  con- 
tent with  something  like  85  per  cent.  Almost 
all  the  street  railway  equipments  that  are  now 
being  used  are  geared  equipments,  but  some 
of  the  largest  railway  locomotives  are  made 
without  gearing.  The  locomotives  now  being 
built  for  the  Central  London  Railway  are  to  be 
provided  with  a gearless  equipment.  I am 
sorry  to  find  that  they  are  being  made  in  the 
United  States  by  an  American  firm.  There  is 
not  the  least  reason  why  they  should  not  be 
made  in  Great  Britain,  and  I hope  that  the 
next  large  electric  railway  will  be  engineered 
by  a British  firm. 

I propose  now  to  show  you  some  views  of 
standard  geared  equipments.  Here  is  a stan- 
dard geared  equipment  made  by  the  Westing- 
house  Company,  who  have  kindly  furnished 
me  with  these  photographs  of  their  latest  types 
of  geared  motors.  Fig.  6 is  a view  of  a 150 
horse  - power  railway  motor.  It  shows  the 
complete  motor  as  it  is  turned  out  from  the 
works  ready  to  be  put  on  to  the  car.  I shall 
not  describe  at  any  length  how  it  is  put  on  to 
the  car.  There  are  plenty  of  sources  from 
which  anyone  interested  in  that  subject  can 
find  out  how'  this  is  done.  I propose  to  take 
this  motor  into  two  pieces  in  order  that  you 
may  clearly  understand  what  there  is  inside, 
and  how  the  force  produced  by  the  torque  on 
the  armature  is  ■Converted  into  draw'-bar  pull. 

Before  we  open  up  this  motor  I w'ant  to  give 
you  a typical  diagram  of  the  magnetic  circuit 
of  one  of  these  raihvay  motors.  In  Fig.  7 you 
have  a section  taken  at  right  angles  to  the 
shaft  of  the  armature.  This  is  a four-pole 
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railway  motor  with  a slotted  armature.  There  on  the  surface  of  the  armature,  and  the  value 

are  four  magnets  in  this  case.  Of  course  there  of  M,  and  we  can  find  the  torque  produced  by 


Fig.  6. 

are  two  distinct  magnetic  circuits.  All  the  I any  current  in  that  machine.  I propose  to 
equations  that  we  have  hitherto  discussed  are  1 divide  the  machine  in  two  ; that  is  to  say, 


to  remove  the  whole  of  the  top  and  disclose 
the  armature  lying  inside. 


applicable  to  such  a machine  as  this.  We 
have  simply  to  know  the  number  of  conductors 
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In  Fig.  8 the  top  magnets  have  been  removed, 
showing  the  inside  with  the  bearings  ready  for 
the  main  shaft. 


wheels  are  each  actuated  by  one  motor.  This 
truck  is  used  with  a second  truck,  either 
with  or  without  motors,  so  that  the  locomotive 


Fig..  9. 


In  Fig.  9 we  see  two  motors  m.ounted  I may  have  two  or  four  m.otors.  Each  truck 
on  what  is  called  a truck.  The  main  driving  1 is  provided  with  a pivottcd  bearing,  so  that 
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a long  car  can  be  used  with  one  of  these  trucks 
at  each  end. 

In  conclusion,  I will  calculate  what  effect  we 
could  get,  supposing  that  this  truck  is  equipped 
with  two  motors  like  the  G.E.  800  motor,  the 
induction  curves  of  which  you  have  already 
seen.  In  those  motors,  when  the  current  was 
40  amperes,  the  value  of  M was  59,  and 
allowing  84  per  cent,  of  mechanical  efficiency, 
we  get  a torque  of  2,780  inch-pounds.  We 
have  now  to  consider  what  is  the  value  of 
the  velocity  ratio.  A common  ratio  used  in 
street  railway  practice  is  to  have  67  teeth  in 
the  spur  wheel  and  14  in  the  pinion.  That 
would  give  us  a velocity  ratio  of  478. 

Having  settled  the  velocity  ratio,  all  that 
we  want  to  know  is  the  diameter  of  the 
driving  wheel.  For  street  railway  practice, 
33  inch  is  very  commonly  used.  If  then  we 
take  a driving  wheel  of  33  inches  in  diameter, 
we  get  a horizontal  pull  of  800  lbs.  available 
for  useful  purposes  ; that  is  to  say,  after 
deducting  friction  and  all  internal  losses,  a 
current  of  40  amperes  in  one  of  these  motors 
would  give  us  a horizontal  pull  of  800  lbs. 
This  is  the  origin  of  the  name  “ G.E.  800.” 
Two  of  such  motors  would  give  us  a pull  of 
1,600  lbs.,  and  if  the  complete  locomotive  con- 
tained four  of  these  motors,  we  should  get  a 
total  effective  pull  of  3,200  lbs. 


Miscellaneous. 

♦ 

BOOKWORMS. 

The  following  notice  of  certain  species  of  book- 
worms is  taken  from  a re^^ew  in  Nature  of  Father 
O’Connor’s  recently  published  “Facts  about  Book- 
worms.” 

The  expression  the  bookworm”  is  often  used; 
but  it  is  inaccurate,  for  some  seven  or  eight  species, 
perhaps  more,  actually  do  commit  depredations  in 
books.  Besides,  these  creatures  are  not  restricted  in 
their  diet  to  books.  Dry  food  of  no  kind  comes 
amiss,  and  one  of  the  species  which  the  author  refers 
to,  Dermestes  lardarius,  has  received  its  specific 
name  on  account  of  the  fact  that  it  delights  chiefly  in 
bacon.  Anohium  paniceian,  another  beetle,  is  fond 
of  books  ; but  it  feeds  upon  almost  anything  that 
comes  in  its  way  ; the  most  singular  food  recorded  as 
having  been  sought  out  by  this  exceedingly  omnivor- 
ous insect  is  cayenne  pepper. 

Several  other  beetles  and  their  larvae  fairly  come 
under  the  designation  of  bookworms  ; and,  indeed,  it 
is  only  in  this  class  of  insects  that  we  meet  with 
species  capable  of  producing  tho.se  elaborately  curved 
tunnels  which  often  disfigure  old  books,  and  of  which 
one  or  two  sarpples  are  figured  by  Afr.  Q'Connor. 


When  uninterrupted  in  their  ravages,  some  of  these 
beetles  are  able  to  progress  through  the  interior  of 
books  for  f|uite  a long  distance,  eating  their  way 
before  them  like  an  earthworm  boring  through  the 
soil.  Messrs.  Kirby  and  Spence,  and  also  .Mr. 
O’Connor  quote  an  instance  of  a bookworm  which 
travelled  through  no  le.ss  than  twenty- -.even  folio 
volumes  in  so  straight  a tunnel  that,  by  pa  -.ing  a 
string  through  the  j)erfectly  round  hole  that  it  had 
made,  the  entire  set  of  volumes  could  be  lifted  at  once. 

To  the  pojrular  mind  the  term  “ worm  ” implies 
anything  of  a smallish  kind  that  scuttles,  wriggles,  or 
crawls;  and  with  this  notion  is  blended  an  iflea  of 
voracity  and  omnivorousne.ss.  We  may  fairly,  there- 
fore, put  down,  as  does  Mr.  ff'Connor,  the  “silver- 
fish  ” among  the  category  of  bookworms.  This 
creature,  Lepisma  saccharina,  is  of  course  not  a 
beetle,  but  a representative  of  that  archaic  group  of 
insects  the  Thysanura ; it  is  fjuaintly  descrilred  by 
Hooke  in  his  “ Micrographia  ” as  “a  small  white 
vSilver-shining  Worm  or  Moth  which  I found  much 
conversant  among  Books  and  Pajrers,  and  is  supposed 
to  be  that  which  corrodes  and  eats  holes  through  the 
leaves  and  covers.  It  appears  to  the  naked  eye  a 
small  glittering  Pearl-coloured  Moth,  which  upon  the 
removing  of  Books  and  Papers  in  the  Summer,  is 
often  observed  very  nimbly  to-  scud,  and  pack  away 
to  some  lurking  cranny,  where  it  may  the  better  pro- 
tect itself  from  any  appearing  dangers.”  Unlike  the 
black-headed  bookworm,  Ptimts  fur  (which  it  has 
been  suggested  acquires  its  black  head  from  its  par- 
tiality to  black  letter  books),  the  Lepisma  lets  printed 
matter  severely  alone,  and  carefully  eats  round  it. 
The  object  of  the  I.episma  seems  to  be  rather  the 
paste  than  the  paper  or  the  binding.  But  it  is  not 
select  in  the  matter  of  diet ; and,  among  other  foods, 
shares  with  the  clothes  moth  a taste  for  garments  and 
carpets.  It  has  furnished  Hooke  with  some  physio- 
logical reflections  which  we  quote  from  Mr.  Butler's 
“Our  Household  Insects.”  “When  I consider,” 
observes  the  author  of  the  “ Micrographia,  “ what  a 
heap  of  Sawdust  or  chips  this  little  creature  (which  is 
one  of  the  teeth  of  Time)  conveys  into  its  intrals,  I 
cannot  chuse  but  remember  and  admire  the  excellent 
contrivance  of  Nature  in  placing  in  animals  such  a 
Fire  as  is  continually  nourished  and  supply  d by  the 
materials  convey’d  into  the  stomach,  and  fomented 
by  the  bellows  of  the  lungs  ; and  in  so  contriving  the 
most  admirable  fabrick  of  Animals  as  to  make  the 
very  spending  and  Avasting  of  that  fire  to  l>e  in'^tru- 
mental  to  the  procuring  and  collecting  more  materials 
to  augment  and  cherish  itself,  which  indeed  seems  to 
be  the  principal  end  of  all  the  contrivances  obserA  able 
in  bruit  Animals.” 

A less  obtrusive,  though  hardly  less  tiresome  foe  to 
the  book-lover  is  an  insect  which  has  been  called  the 
“book -louse”  {Atropos  divinatoria).  The  term 
“ louse,”  however,  is  unnecessarily  ofYensivc  to  the 
insect,  for  it  is  not  parasitic  and  does  not  belong  to 
the  same  group  as  that  which  contains  the  obscene 
Pediailus.  Jt  ;s  «a  ^T'uropteron,  allied  therefore  to 
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the  dragonflies.  It  may  be  reasonably  placed  under 
the  heading  of  bookworms— although  Mr.  O’Connor 
has  not  placed  it  there— owing  to  its  partiality  for 
paste.  The  specific  name  of  the  insect  is  connected 
with  the  fact  that  it  shares  with  the  Death  AVatch  (a 
beetle)  the  habit  of  producing  an  ominous  ticking 
sound,  carrying  terror  to  the  heart  of  the  supersti- 
tious. It  appears,  however,  that  this  is  meiely  an 
amorous  conversation  with,  or  an  act  of  adoration 
directed  towards  the  female  insect,  who  is  fascinated 
and  overcome  by  this  continued  expression  of  feeling. 
This  sound  is  caused  by  the  insect  knocking  its  head 
upon  the  ground,  and  it  has  been  wondered,  by  those 
who  under-estimate  the  power  of  love,  how  so  small 
and  tender  an  insect  can  create  so  loud  a sound. 
Nevertheless  it  seems  to  be  the  fact  that  it  does.  The 
author,  after  dealing  shortly  with  various  kinds  of 
bookworms,  proceeds  to  the  practical  consideration  of 
how  to  get  rid  of  them.  Paste  containing  such 
deadly  elements  as  corrosive  sublimate  is  recom- 
mended for  binding  purposes ; elsewhere  we  have 
seen  the  suggestion  that  pepper  is  a useful  article  to 
mingle  with  the  paste.  But  this  would  be  obviously 
a substance  of  no  use  wherewith  to  confront  that  par- 
ticular kind  of  bookworm  Avhich  relishes  a diet  of 
cayenne.  The  general  panacea  for  insects  of  all 
kinds  is  camphor.  But  here,  again,  the  bookworm  is 
not  to  be  so  easily  combated.  Specimens  of  one  kind 
have  been  found  comfortably  and  confidingly  nestling 
beneath  pieces  of  camphor  which  it  was  hoped  would 
put  a speedy  end  to  them.  Possibly  the  best  cure 
would  be  to  put  the  books  themselves  to  their 
legitimate  uses,  i.e.,  to  read  them  ; this  would  neces- 
sitate a constant  shaking  which  would  prevent  the 
pest  from  obtaining  a secure  lodgment.  But  con- 
sidering that  the  Royal  Society  of  Science  of  Gottin- 
gen in  the  year  1744,  and  the  Society  of  Bibliophiles 
of  Mons,  in  the  year  1842,  offered  in  vain  a prize  for 
the  solution  of  these  difficulties,  it  is  not  surprising  to 
find  that  on  the  whole  the  bookworm  has  triumphed 
over  the  bibliophile  and  the  naturalist. 


BRIQUETTE  MAKING  IN  GERMANY. 

Consul  Powell,  of  Stettin,  in  his  last  report,  calls 
attention  to  a briquette  factory  at  Langenburg, 
Pomerania,  which  is  somewhat  of  a new  venture,  as 
it  has  only  been  in  existence  for  two  5^ears,  but  has 
proved,  so  far,  a complete  success.  It  is  the  Consul’s 
opinion  that  proprietors  of  turf  moors  in  Scotland  and 
Ireland  might  start  factories  of  a similar  nature  with 
profit.  The  owner  and  manager  of  the  factory  has 
taken  a patent  in  England  for  his  machinery;  it 
could  therefore  be  employed  either  by  purchase  or 
by  royalty.  The  turf  at  Langenburg  is  cut  from  the 
adjacent  moor  and  is  brought  by  water  in  an  undried 
condition,  and  can  be  used  immediately.  The  turf  on 
coming  from  the  moor  is  thrown  into  the  first  breaker- 
machine,  somewhat  in  effect  like  a large  turnip  cutter, 
and  in  this  it  is  broken  into  small  lumps.  From  the 
first  it  passes  to  the  second  breaker,  and  is  ground 


into  mull  or  a fine  powder.  From  here  it  goes  into 
the  drier,  a steam  cylinder  which  is  filled  wiih  the 
exhaust  steam  from  the  engine,  and  is  perforated  by 
tubes  much  in  the  manner  of  boiler  tubes,  but  larger. 
This  cylinder  revolves,  and  being  on  a gentle  slope, 
the  mull  passes  slowly  through  the  tubes  and  by  this 
means  becomes  thoroughly  dry.  From  the  drier  it 
passes  to  a hopper  which  feeds  the  plunger.  This 
plunger  receives  the  power  of  a 75  horse-power 
engine,  and  by  pressing  the  mull  in  a form  against 
the  preceding  briquette  pushes  them  forward  each 
stroke  the  width  of  a briquette.  The  factory  turns 
out  80  briquettes  a minute  or  35  tons  per  day,  with 
an  average  output  of  about  255,500  centners  (12,775 
tons)  a year,  and  the  demand  is  far  greater  than  the 
supply,  the  reason  for  this  being  that  the  briquettes 
are  so  marvellously  cheap,  an  average  price  being  6^d. 
per  130  briquettes,  or  at  the  rate  of  something  like 
two  briquettes  for  j’^d.  retail,  that  this  is  certainly  the 
poor  man’s  fuel,  as  they  burn  slowly  and  give  a fairly 
good  heat.  In  a closed  o\en  one  briquette  will  remain 
in  a glowing  state  for  24  hours  ; in  an  open  grate 
it  burns  more  quickly,  but  remains  for  a longer  time 
alight  than  any  coal,  giving  a good  red  heat.  The 
cost  of  working  is  comparatively  light,  as  but  few 
men  are  required  to  attend  to  the  machinery.  The  cost 
at  Langenburg  of  material  and  working  one  centner 
(112  lbs.)  is  35  pf.  (4jd.),  and  per  ton  about  7s.  AVith 
a more  extended  plant,  the  owner  of  this  factory  is  of 
opinion  that  this  could  be  reduced  to  5s.  per  ton. 


SANITARY  INSTITUTE. 

The  twenty-sixth  London  course  of  lectures  and 
demonstrations  for  sanitary  officers  will  be  given  in 
the  Parkes  Museum,  Margaret-street,  AV.,  on  Mon- 
days, AVednesdays,  and  Fridays,  at  8 p.m.,  com- 
mencing October  17th.  The  lectures  will  be  given 
by  well-known  authorities,  and  will  comprise  the 
following  subjects  ; — Introductory  Lecture.  Sanitary 
Laws  and  Regulations  governing  the  Metropolis. 
Sanitary  Law — English,  Scotch,  and  Irish  ; General 
Enactments;  Public  Health  Act,  1875;  Model  Bye- 
laws, &c.  The  Law  relating  to  the  Supervision  of 
Food  Supply.  Trade  Nuisances.  Objects  and  Methods 
of  Inspection,  Nuisances,  &c.  AVater  .Suppl)^,  Drink- 
ing AVater,  Pollution  of  AVater.  Diseases  of  Animals 
in  relation  to  Meat  Supply ; Characteristics  of  Vege- 
tables, Fish,  &c.,  unfit  for  Food.  Infectious  Diseases 
and  Methods  of  Disinfection.  Principles  of  calcu- 
lating Areas,  Cubic  Space,  &c.  ; Interpretation  of 
Plans  and  Sections  to  Scale.  Ventilation,  AVarming 
and  Lighting.  Sanitary  Building  Construction. 
Sanitary  Appliances.  Details  of  Plumbers’  AVork. 
House  Drainage.  Scavenging,  Disposal  of  House 
Refuse.  Sewerage  and  Sewage  Disposal.  In  ad- 
dition to  the  above  lectures,  the  course  \vill  include 
a number  of  practical  inspections  and  demonstrations 
illustrating  the  various  matters  with  which  a sanitary 
officer  may  have  to  deal  in  the  course  of  his  duties. 
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Notices. 


EXHIBITION  OF  LITHOGRAPHY, 

The  Lords  of  the  Committee  of  Council  on 
Education  announce  that  they  have  decided, 
at  the  suggestion  of  the  Council  of  the  Society 
of  Arts,  to  hold  during  the  autumn  an 
Exhibition  of  Lithography  in  the  buildings  of 
the  South  Kensington  Museum,  on  the  West 
side  of  Exhibition-road.  As  lithography  was 
discovered  by  Senefelder  in  the  year  1798,  the 
present  is  the  centenary  year  of  the  invention, 
and  therefore  offers  a suitable  occasion  for 
such  an  exhibition  as  is  proposed. 

The  Department  will  be  assisted  in  the 
selection  and  arrangement  of  the  exhibits  by 
the  influential  Committee,  with  some  additional 
members,  which  had  been  already  organised 
by  the  Society  of  Arts.  It  is  proposed  that 
the  Exhibition  should  be  opened  about 
ist  November,  and  remain  open  for  four 
months.  The  lithographs  will  have  to  be 
sent  in  not  later  than  ist  October. 

Any  further  information  will  be  furnished  on 
application  to  the  Secretary,  Department  of 
Science  and  Art,  South  Kensington,  S.W.,  to 
whom  all  communications  on  the  subject 
should  be  addressed. 


PRACTICAL  EXA2MINATIONS  IN 
MUSIC. 

The  practical  examinations  in  Music  were 
not  concluded  this  year  until  the  13th  July, 
too  late  for  the  results  to  be  included  in  the 
Report  of  the  Council.  They  lasted  for  15 
days. 

The  system  of  examination  was  the  same  as 
that  for  last  year.  Candidates  are  asked  to 
select  for  themselves  which  of  four  standards 
they  choose  to  be  examined  in.  Standard  I. 
is  easy.  Standard  II.  moderately  difficult. 
Standard  III.  difficult,  and  Standard  IV.  very 
difficult.  For  each  standard  a list  of  music  is 


given,  and  a selection  from  this  list  is  sent  to 
the  candidates  six  weeks  previous  to  the 
examination.  Candidates  are  expected  to 
play  or  sing  pieces  from  the  selected  list,  as 
well  as  to  play  a piece,  or  a portion  of  a piece, 
at  sight. 

In  all  539  candidates  were  examined,  an 
increase  of  147  over  last  year;  5 of  these 
took  up  two  subjects,  so  that  there  wen;  54  \ 
examinations.  Of  these  there  were  515  passes 
and  29  failures.  The  failures  last  year  were 
considerably  larger  in  proportion,  being  4^  in 
405  examinations. 

The  following  were  the  subjects  taken  up  : — 
Piano,  singing,  violin,  violoncello,  mandolin, 
zither,  and  organ.  399  entered  for  the  piano, 
of  whom  376  passed  and  12  obtained  medals; 
79  entered  for  the  violin,  of  whom  73  passed 
and  15  obtained  medals;  i entered  for  the 
violoncello  and  passed ; i passed  for  the 
mandolin  ; 4 entered  and  passed  for  the  organ  ; 
59  entered  for  singing,  and  57  passed,  5 
obtaining  medals  ; i entered  for  the  zither 
and  passed. 

Mr.  John  Farmer,  of  Balliol  College,  Oxford, 
and  Director  of  the  Harrow  Music  School, 
acted  as  Examiner,  Mr.  Ernest  Walker,  M.A., 
Mus.  Bac.  Oxon.,  and  IMr.  Burnham  Horner, 
as  Assistant-Examiners. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 
ELECTRIC  TRACTION. 

By  Prof.  Charles  A.  Carus  - Wilson, 

M.A.,  AI.Inst.C.E. 

Leciure  II. — Delivei'cd  May  9,  1898. 

In  the  last  lecture  we  treated  of  the  motor  in 
a state  of  rest.  To-night  I propose  to  discuss 
the  question  of  the  motor  in  a state  of  motion. 
For  this  purpose  I shall  make  use  of  the  same 
motor  as  before  to  illustrate  experimentally 
some  of  the  points  I want  to  bring  to  your 
attention.  The  first  thing  that  I want  to  re- 
mind you  of— -I  suppose  there  are  few  here  who 
are  not  aware  of  the  fact — is  that  a motor  in 
action  is  at  the  same  time,  in  one  sense,  a 
generator.  In  order  to  explain  this  more  fully 
I will  make  an  experiment.  I have  started 
this  motor  in  the  usual  way,  and  these  instru- 
ments are  recording  as  before  ; the  ammeter, 
a,  giving  the  current  in  the  armature,  and  the 
volt-meter,  v,  the  tension  at  the  brushes.  The 
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connections  are  made  as  shown  in  Fig.  10. 
The  magnet  circuit  is  permanently  connected 
to  the  line. 


In  the  first  place  I want  to  show  you  that  the 
tension  at  the  brushes  is  the  same  as  that  of 
the  line,  both  in  sign  and  in  amount.  To  do 
this  I have  simply  to  lift  one  of  the  brushes  off 
the  commutator,  as  at  b in  the  figure,  by  doing 
which  I virtually  cut  out  the  armature  altogether, 
and  you  see  that  the  volt-meter  reading  does 
not  alter.  Take  no  notice  of  what  the  am- 
meter is  doing,  observe  only  that  when  I raise 
the  brush  off  the  commutator,  the  volt-meter 
reading  does  not  alter ; that  is  to  say,  the 
volt  - meter  reading  gives  you  the  number 
of  volts  on  the  line  to  which  the  motor  is 
connected^ 

I now  have  to  show  you  that  the  motor  itself 
is  inducing  a tension  of  the  same  sign,  with 
respect  to  the  volt-meter,  as  that  of  the  line. 
To  do  this  I shall,  for  an  instant,  break  the 
circuit  from  the  line  at  a point  shown  by  yin 
the  figure,  and  leave  the  volt-meter  still  con- 
nected to  the  brushes  of  the  motor.  You 
see  that  the  deflection  of  the  volt-meter  is 
hardly  altered  at  all.  To  show  that  this  is 
not  due  to  the  inertia  of  the  volt-meter  needle,  I 
will  break  the  circuit  as  at  d.  You  see  how  very 
quickly  the  volt-meter  needle  drops.  This 
proves  that  the  reading  we  observed  when  we 
broke  the  circuit  at  ywas  due  to  the  tension 
induced  by  the  motor  itself  acting  as  a gene- 
rator. When  I disconnect  the  motor  from 
the  line,  there  will  be  an  indication  on  the 
volt-meter  as  long  as  the  motor  is  moving. 
Of  course,  directly  the  circuit  is  broken  at  y 
the  motor  begins  to  run  slower,  but  there  is 
still  a reading  on  the  volt-meter  ; and  in  order 
to  prove  to  you  that  the  reading  you  have  there 
is  being  induced  by  the  motor,  I will  lift  the 
brush  off  the  commutator,  and  you  see  the 
needle  drops  at  once.  As  long  as  there  is  any 
motion,  we  get  a tension  induced,  and  an 
indication  on  the  volt-meter.  I would  ask  you 
then  to  remember,  that  as  long  as  the  motor  is 
moving,  it  is  inducing  a tension  of  the  same 
sign,  with  respect  to  the  voltameter,  ns  that  of 


the  line.  This  result  is  of  great  import- 
ance,  because  it  follows  that  in  the  armature 
itself,  the  tension  of  the  line,  and  the  tension 
induced  by  the  motion  of  the  motor,  are 
opposed  to  one  another.  I do  not  like  the 
term  counter-electro-motive  force,  but  prefer  to 
use  the  expression  induced  tension,  and  to  say 
that  the  tension  induced  by  the  motion  is 
opposed  to  that  of  the  line  in  the  motor 
armature. 

Now  this  question  arises.  “ If  a motor  is 
moving  at  a certain  rate,  how  many  volts  will 
be  induced  by  the  motion  at  the  terminals  of 
the  motor?  ” The  answer  is  very  simple.  If 
you  remember,  last  week  I introduced  you  to 
what  I called  the  induction  factor.  If  n 
represents  the  number  of  revolutions  per 
second  of  a motor,  to  get  the  induced 
tension  at  the  terminals  of  the  brushes  }'’ou 
have  simply  to  multiply  7i  by  M the  induction 
factor,  and  you  get  the  induced  tension  in  volts 
at  the  terminals  of  the  motor.  Suppose  this 
armature  to  be  running  at  1,200  revolutions  a 
minute,  that  is  at  20  revolutions  a second.  We 
found  last  week  that  the  induction  factor  of  this 
motor  was  about  6 : hence  the  induced  tension 
at  the  brushes  would  be  6 times  20,  that  is 
120  volts.  If  then  you  know  what  the  induction 
factor  is,  you  know  that  when  it  is  running  at 
any  given  speed,  you  have  simply  to  multiply 
the  revolutions  per  second  by  the  induction 
factor,  and  that  at  once  gives  you  the  induced 
tension  in  volts  at  the  terminals  of  the  motor. 
And  generally,  if  you  have  a motor  running 
under  any  conditions  whatever  at  a known 
speed,  the  motor  will  be  inducing  a certain 
number  of  volts,  which  number  is  given  by  the 
product 

Wherever  we  have  a current  passing,  the 
strength  of  that  current  must  always  be  deter- 
mined by  Ohm’s  law.  This  law  holds  equally 
well  in  the  case  of  a motor  when  it  is  running 
as  it  does  in  the  case  of  any  other  conducting 
circuit.  The  only  difference  in  the  case  of  the 
motor  is  that  the  tension  which  is  sending  the 
current  through  the  armature  is  the  difference 
between  that  of  the  line  and  the  induced  ten- 
sion. This  motor  is  now  running  at  1,040 
per  minute,  and  the  induction  factor  is  now  6‘i. 
When  the  motor  is  running  at  that  speed  with 
that  induction  factor  the  tension  induced  is 
exactly  io6  volts.  The  tension  of  the  line  you 
see  to  be  107  volts.  Hence  the  effective  volts 
which  is  causing  the  current  to  pass  into  the 
motor  is  i volt.  You  now  only  want  to  know 
the  resistance  of  the  motor ; that  is  about 
I ohm,  according  to  a rough  measurement  that 
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I made  before  the  lecture,  so  that  you  get  the 
current  to  be  i ampere.  The  motor  is  now 
running  at  full  speed,  and  you  see  that  the 
ammeter  reads  almost  exactly  i ampere. 

I may  remark  in  passing  that  we  have  here  a 
useful  method  of  finding  the  induction  factor  of 
a motor.  I gave  you  last  week  a method, 
by  which  we  found  the  induction  factor  by 
determining  the  amount  of  torque  for  a given 
current.  This  is  a much  better  way.  You 
have  simply  to  run  the  motor  at  a measured 
speed,  71,  observe  E,  the  volts  on  the  line,  and 
C,  the  current  in  amperes,  and  knowing  the 
resistance,  R,  we  have  this  simple  equation  : — 
E — CR 

M = 

11 

The  induction  curve  of  the  G.E.  800  motor 
which  I showed  you  last  lecture,  was  obtained 
by  the  use  of  this  equation.  This  is  the  most 
convenient  way  of  finding  the  induction  curve 
of  a motor,  namely,  to  run  it  at  different  speeds, 
observ'e  the  tension,  the  current,  and  the  speed, 
and  then  deduce  the  induction  factor. 

Let  us  now  consider  the  conditions  under 
which  this  motor  is  running.  You  notice, 
in  the  first  place,  that  it  is  running  at  what 
we  call  a uniform  rate.  Now  what  do  we 
mean  by  that  expression  ? We  mean  that  there 
is  a balance  between  the  forces  acting  on  the 
moving  part  of  the  motor,  that  is,  the  armature. 
These  forces  may  be  divided  into  two  classes, 
first,  those  tending  to  assist  the  motion, 
and,  secondly,  those  tending  to  retard  the 
metion.  When  these  two  sets  of  forces  are 
equal  we  get  uniform  motion.  If  they  are  not 
equal,  for  instance,  if  the  forces  retarding  the 
motion  are  greater  than  those  assisting  the 
motion,  then  the  motion  will  be  retarded,  and 
continue  to  be  retarded  until  the  motor  finally 
stops.  If  on  the  other  hand  the  difference  is 
the  other  w^ay,  and  the  assisting  forces  arc 
greater  than  the  retarding  forces,  then  the 
motor  will  go  quicker  and  quicker,  and  it  will 
continue  to  do  so  as  long  as  that  difference 
remains. 

In  the  case  before  us,  what  arc  the  actual 
forces  acting  upon  this  motor  ? The  assist- 
ing force  is  the  current  of  one  ampere  pass- 
ing through  the  conductors  of  the  armature, 
and  we  saw  last  week  how  to  find  exactly 
how  much  force  that  current  produces.  You 
have  simply  to  multiply  the  current  by  1*4 
times  the  induction  factor,  and  you  get  the 
measure  of  the  assisting  force.  Now  the 
retarding  forces  are  those  of  the  friction  of 
bearings  and  brushes,  hysteresis,  &c.  In  this 


case  it  is  easy  to  find  out  exactly  what  the 
amount  of  the  retarding  force  is.  Since  the 
current  is  one  ampere  and  the  induction  factor 
6-1,  the  retarding  torque  is  8*6  inch-pounds  ‘m 
the  motor  shaft  ; that  is  to  say,  when  this 
motor  is  running  uniformly  at  ab-.-ut  1,000 
revolutions  per  minute,  there  is  a perf«-ct 
balance  between  the  assisting  force  due  to  th  * 
current,  and  the  resisting  force  due  t-.-  the 
friction,  cS:c. 

In  order  to  illustrate  this  more  fully,  1 will 
describe  briefly  what  happens  when  the  l-.ad  is 
changed.  Of  course  we  know  that  any  in-erea.  e* 
in  the  load  on  the  motor  will  have  two  p-sults  ; 
it  will  reduce  the  speed  and  it  will  increas  • the 
current.  What  is  going  on  in  the  motor  during 
the  interval  of  change  of  speed  and  current  ? 
When  the  motion  was  uniform  we  had  a p-rfect 
balance  betw'een  the  assisting  and  the  resisting 
force.  When  I put  more  load  on  I increase  the 
retarding  force.  Of  course  I need  not  tell  you 
what  happens  when  the  retarding  force  is  in- 
creased. The  balance  is  upset,  and  there  is  a 
resultant  force  tending  to  stop  the  motion.  'I'he 
motor  runs  a little  slower,  and  the  indue  d 
tension  gets  less. 

Now  C =:  Hence  if  ;/  gets  less  C 

K. 

must  increase,  so  that  the  result  of  increasing 
the  load  is  to  increase  the  current.  Hence  the 
motor  will  run  slow'er  until  the  current  has 
increased  to  such  an  amount  that  there  is 
again  a balance  between  the  retarding  force, 
due  to  the  load,  and  the  assisting  force,  due  to 
the  current.  We  shall  then  again  arrive  at  a 
condition  of  uniform  motion,  and  this  will  con- 
tinue until  there  is  some  further  change  in 
the  load. 

A similar  process  takes  place  if  the  load  is 
reduced.  It  would  be  a difficult  thing  to 
reduce  the  load  on  this  motor,  because  it  has 
already  as  light  a load  as  it  can  have,  namely, 
that  due  to  the  friction  of  the  bearings  ami 
brushes,  and  to  hysteresis. 

Here  I want  to  explain  that  when  I US  '*  th  ^ 
expression  “load,”  I mean  that  which  tends 
to  retard  the  motion.  You  may  express  it  in 
any  way  you  like,  cither  as  inch -pounds  of 
torque  on  the  shaft  or  as  the  force  at  the  rim  of 
the  pulley.  But  when  I use  the  word  “ load.” 
I mean  the  force  that  tends  to  retard  the 
motion  of  the  motor.  Now,  in  this  case  the 
load  is  simply  that  due  to  friction,  hysteresis, 
&c.  When  1 put  a brake  on,  the  load  is 
increased  by  the  amount  of  the  friction  of  the 
brake.  We  have  already  seen  that  for  uniform 
motion  we  must  have  a perfect  balance  between 


848 


JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


\_Sepiemher  23,  1898. 


the  assisting  and  the  retarding  forces.  Now, 
the  resisting  forces  are  measured  by  what  I 
have  called  the  load;  the  assisting  forces  are 
measured — other  things  being  the  same — by 
the  amount  of  current  passing  through  the 
armature.  It  follows  that  for  uniform  motion 
the  load  determines  the  current.  This  is  a de- 
duction of  very  great  practical  importance.  At 
first  sight  it  may  seem  quite  obvious  that  the 
only  thing  that  determines  the  amount  of  cur- 
rent in  the  motor  is  the  amount  of  retarding 
force  on  the  shaft  of  motor.  When,  however, 
we  come  to  consider  the  motor  under  ditferent 
conditions,  we  shall  find  that  it  is  not  quite 
so  obvious.  I shall  refer  to  some  of  these  con- 
ditions later  on,  but  for  the  present  I simply 


upon  the  load.  Now  let  us  see  what  this 
means.  In  the  first  place  we  see  that  for  a 
shunt  wound  motor,  in  which  the  induction 
factor  is  constant,  when  the  load  is  nothing  the 
current  is  nothing,  and  the  speed  has  a certain 
definite  value,  namely,  the  line  volts  divided  by 
the  induction  factor.  Directly  we  put  a load  on 
the  motor  the  speed  begins  to  fall  off  by  an 
amount  depending  upon  C,  that  is  upon  the 
load.  We  need  not  confine  our  attention 
to  the  case  of  motors  in  which  the  induction 
factor  is  constant.  The  most  important  class 
of  motors  for  railway  work  is  that  of  the  series 
wound  motor,  in  which  the  induction  factor  is 
not  constant,  but  varies  with  the  current  in  the 
motor. 


Fig.  II. 


want  to  emphasise  the  fact  that  when  the  speed 
is  uniform,  the  current  passing  through  the 
motor  is  determined  by  retarding  torque  on  the 
shaft  of  the  motor. 

We  know  that  n,  the  speed  in  revolutions 
E CR 

per  second,  is  equal  to  — - - — — This  is 

^ ’ u MM. 

Y.  - yin 

simply  stating  equation  C in 

R 

another  form,  and  giving  us  an  expression  for 
the  speed  of  the  motor.  We  find  that  the  speed 
of  the  motor  is  made  up  of  two  parts,  one  which 
depends  upon  E,  the  tension  of  the  line,  and 
the  other  upon  C,  which,  in  its  turn,  depends 


I will  illustrate  this  by  some  curves  of  the 
G.E.  800  motor  that  we  were  looking  at  last  week. 
Here  (Fig.  ii)  is  a diagram  illustrating  the  way 
in  which  the  speed  of  this  motor,  which  is 
series  wound,  depends  upon  the  tension  of  the 
line  and  upon  the  load.  I have  already  shown 
you  the  induction  curves  of  this  motor  in 
Fig.  3.  The  tension  of  the  line  in  volts  is  set 
off  vertically,  and  the  speed  of  the  car  horizon- 
tally. These  curves  are  drawn  for  an  ordinary 
street  railway  equipment  in  which  the  maximum 
tension  is  500  volts. 

Let  us  take  the  case  where  the  load  on  the 
motor  is  800  lbs.  Here  is  a curve  which  re- 
presents a load  of  800  lbs.  on  the  motor,  i.e.i 
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the  motor  is  exerting  a horizontal  pull  of  that 
amount.  As  long  as  the  load  is  constant, 
any  increase  or  decrease  in  the  tension  of  the 
line  affects  the  speed  of  the  car,  as  shown  by 
this  curve ; that  is  to  say,  looking  once 
more  at  the  equation  for  the  speed,  we  have 
the  load  constant,  and  therefore  the  current 
constant,  and  the  only  thing  we  are  varying 
is  the  tension  of  the  line.  If  the  tension 
of  the  line  were  to  vary,  say  from  500 
volts  down  to  something  under  50,  the  load 
meanwhile  remaining  constant,  the  speed  of 
the  car  would  vary  as  shown  by  the  diagram. 
For  instance,  you  see  that  for  500  volts  the 
speed  of  the  car  is  a little  over  nine  miles  an 
hour.  If  the  tension  drops  to  200,  the  speed 
of  the  car  falls  to  three  miles  an  hour.  As 
long  as  the  load  on  the  motor  remains 
constant,  the  current  remains  constant,  so 
that  this  diagram  gives  the  variations  of  speed 
consequent  upon  variations  in  the  tension  of 
the  line. 

Let  us  now  see  what  is  the  variation  of 
the  speed  with  the  load,  that  is  to  say,  let 
us  keep  E constant,  and  alter  C.  Suppose 
we  have  a car  equipped  with  two  of 
these  motors,  and  suppose  that  the  tension  of 
the  line  is  500  volts,  suppose  also  that  the  car 
is  loaded  in  such  a way  that  in  order  to  move 
the  car  a draw-bar  pull  of  800  lbs.  per  motor 
has  to  be  exerted.  We  should  then  find  the 
car  moving  at  the  rate  of  a little  over  nine 
miles  an  hour.  Suppose  now  that  the  car 
encountered  a grade  say  of  3^  per  cent.  If 
we  assume  that  the  car  weighs  10  tons,  there 
would  be  an  increase  of  50  per  cent,  in  the 
load,  that  is  to  say,  in  order  to  move  the  car 
up  the  grade,  we  should  require  not  only  the 
800  lbs.  for  friction,  &c.,  but  we  should  require 
400  lbs.  more  for  the  grade,  so  that  the  load 
per  motor  would  be  1,200.  We  see  from  the 
diagram  that  we  should  have  to  come  on  to 
this  curve,  and  the  speed  would  fall  from 
9’4  to  something  like  8 miles  an  hour.  The 
tension  on  the  terminals  of  each  motor  in  this 
case  is  of  course  500  volts  if  the  motors  were  in 
parallel,  and  each  motor  would  be  taking  40 
amperes  in  the  first  case  and  55  in  the  second, 
so  that  the  current  taken  from  the  line  would 
be  80  amperes  in  the  first  case  and  no 
amperes  in  the  second.  Now  we  will  suppose 
that  no  amperes  is  too  great  a current  to  be 
taken.  Let  us  see  what  would  happen  if, 
when  we  come  to  ascend  this  grade,  instead 
of  putting  the  motors  two  in  parallel  we 
put  them  two  in  series.  The  fact  of  putting 
them  two  in  series  does  not  alter  the  current 


per  motor  in  the  least,  because  the  load  per 
motor  is  just  what  it  was  before,  and  the  current 
is,  therefore,  55  amperes  p^r  motor  ; but  since 
they  are  now  both  in  series,  the  current  for  one 
motor  also  passes  through  the  other,  so  that 
the  current  from  the  line  is  exactly  halvf*d,that 
is  to  say,  55  amperes. 

By  putting  the  motors  in  series,  we  have 
practically  reduced  the  tension  on  the  motor 
terminals  from  500  to  250  ; consequontly  we 
see  at  once  that  the  effect  of  putting  the 
motors  in  series  will  be  to  bring  us  over  '-n 
to  the  250  volt  line,  and  the  speed  will  at 
once  fall  to  about  three  miles  an  hour.  'I  hi  . 
would  be  a very  serious  diminution  in  speed. 
Few  street  railway  services  would  admit  of 
such  a reduction  in  the  speed.  We  have,  of 
course,  as  a set  off  against  this  disadvantage 
the  fact  that  the  current  is  reduced  50  per  cent, 
by  connecting  the  motors  in  series.  In  most 
cases  it  is  found  necessary  to  run  the  motors  in 
parallel  when  ascending  grades,  even  at  the 
expense  of  taking  a very  large  current  from 
the  line. 

A short  time  ago  I met  with  a very  instruc- 
tive illustration  of  this  question  of  the  current 
depending  only  upon  the  load  on  the  motor. 
An  electric  street  railway  was  being  laid  down 
in  a town  where  there  were  several  heavy 
grades.  As  soon  as  the  line  was  opened,  it 
was  found  that  the  armatures  kept  on  burning 
out.  The  matter  was  carefully  considered  by 
the  engineer,  who  reasoned  as  follows.  He 
said  “ When  a car  is  on  a grade  the  load  is 
so  great  that  the  drop  in  the  leads  is  excessive  ; 
the  result  is  that  the  tension  at  the  terminals 
of  the  motor  is  very  much  reduced.  Now,  a 
certain  amount  of  work  has  to  be  done  in  pro- 
pelling the  car,  consequently  if  the  tension  is 
reduced,  owing  to  the  drop  in  the  leads,  we 
have  to  make  it  up  in  current ; the  result  is 
that  the  motors  take  abnormally  large  currents 
when  ascending  the  grades,  and  the  remedy 
IS  to  reduce  the  drop  by  putting  in  heavier 
leads.”  The  engineer  therefore  telegraphed 
to  the  factory  for  a large  supply  of  new  feeders 
which  were  sent  down  at  great  cost,  under  the 
impression  that  b}'  reducing  the  drop  in  the 
leads  the  tension  on  the  terminals  of  the  car 
would  be  increased,  and  the  amount  of  current 
per  motor  would  be  diminished.  \ 011  will,  ot 
course,  at  once  see  the  fallacy  of  his  argument. 
For  a given  load,  the  current  per  motor  has 
nothing  whatever  to  do  with  the  tension,  but 
depends  only  on  the  load. 

Hitherto  I have  discussed  only  the  question 
of  uniform  motion  ; I wish  to  draw  your  atten- 
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tion  to  the  motor  in  the  condition  in  which 
uniform  motion  is  being  gradually  attained, 
that  is  to  say,  in  which  the  motion  is  variable. 
And  first  of  all  let  us  make  an  experiment.  I 
will  take  this  motor  in  a state  of  rest.  I will 
then  send  the  current  through  the  armature 
with  the  magnet  circuit  broken,  as  at^in  the 
figure.  I have  now  seven  amperes  passing 
through  the  armature  of  the  motor  ; there  is  no 
motion  because  the  magnets  are  not  excited. 

I am  going  now  to  make  the  switch  shown 
at  g in  Fig.  10,  so  as  to  send  a current  through 
the  magnets.  I want  you  to  notice  what  takes 
place  ; the  motor  gradually  speeds  up  from 
rest  to  a condition  of  uniform  motion.  I want 
you  to  notice  particularly  the  time  which 
elapses  between  the  moment  at  which  I make 
the  magnet  circuit,  and  that  at  which  full  speed 
is  attained.  Here  we  have  an  entirely  new 
fact  to  deal  with,  viz.,  the  question  of  the  tim.e 
it  takes  to  get  from  a state  of  rest  to  a state  of 
uniform  motion.  In  order  to  make  this  a 
little  more  apparent,  I will  take  off  this 
wooden  pulley  and  put  an  iron  one  in  its  place. 
Before  I make  the  experiment  with  the  iron 
pulley,  however,  I will  repeat  the  experiment 
with  the  wooden  pulley,  so  that  you  may  clearly 
recognise  the  difference.  We  will  take  about  six 
amperes,  and  I want  you  to  judge  in  your  own 
minds  how  long  it  takes  from  the  moment  I 
make  this  switch  to  the  moment  at  which 
uniform  speed  is  attained.  It  speeds  up  very 
quickly  you  see.  I will  now  put  on  the  iron 
pulley,  and  pass  the  same  current  through  the 
armature.  You  see  it  takes  a very  much 
longer  time  to  speed  up. 

Now  let  us  see  what  is  taking  place  here. 
Let  us  go  back  to  the  idea  that  we  started 
with,  that  for  motion  of  any  kind  we  have 
two  forces,  those  assisting  the  motion,  and 
those  retarding  the  motion.  In  this  case 
what  are  the  retarding  forces  ? They 
are  exactly  the  same  as  they  were  with 
the  wooden  pulley  in  all  our  former  experi- 
ments, and  they  are  measured  by  a current  of 
1 ampere  passing  through  the  armature.  If 
you  work  that  out  you  find  that  the  forces 
opposing  the  motion  in  this  case  are  equivalent 
to  a force  of  about  3 lbs.  acting  at  a radius  of 
3 inches. 

Now  what  are  the  forces  assisting  the  motion  ? 
At  the  moment  of  starting  we  had  6 amperes 
in  the  armature,  and  when  the  magnetic  circuit 
is  made  we  have,  if  you  remember,  M = 6'i,  so 
that  you  can  calculate  at  once  what  is  the 
force  at  a radius  of  3 inches.  If  you  work  it  out 
you  find  that  it  comes  to  about  17  lbs.  So  that 


you  see  we  have  two  forces  acting  at  a radius 
of  3 inches,  supposing  that  the  whole  weight 
that  is  being  moved  is  travelling  in  a circle 
3 inches  in  radius.  | 

The  selection  of  a 3-inch  radius  is  quite  arbi-  | 
trary.  We  may  take  any  radius,  but  though 
the  force  will  be  altered,  one  result  will  be  the 
same.  I have  taken  3 inches  in  this  case 
because  the  weight  of  this  pulley  is  practically 
concentrated  at  a radius  of  3 inches.  Here, 
then,  is  a very  simple  mechanical  problem. 
We  have  a weight,  which  in  this  case  is 
roughly  about  30  lbs.,  travelling  in  a circle  of 
3 inches  radius.  We  have  two  forces  acting 
on  this  weight.  We  have,  in  the  first  place, 
a force  of  17  lbs.  tending  to  assist  the  motion, 
we  have  also  a force  of  3 lbs.  tending  to  retard 
the  motion;  the  result  is  a force  of  14 lbs. 
tending  to  move  the  pulley.  The  motor  will 
begin  to  turn,  and  its  speed  will  increase.  If 
we  measure  the  speed  by  the  motion  of  a point 
on  the  rim,  in  feet  per  second,  the  rate  of 
increase  of  speed — which  we  will  call  a,  the 
acceleration — is  given  by  this  equation  : — 

T 

a = 32-2  — , 

W 

where  T is  the  difference  between  the  assisting 
and  the  retarding  force,  and  W is  the  weight. 
Putting  T = 14,  and  W = 30,  we  see  that  in 
each  second  there  is  an  increase  of  velocity  of 
about  15  feet  per  second.  All  this  is  simply  a 
mechanical  question— there  is  nothing  neces- 
sarily electrical  about  it. 

Now  we  have  here  exactly  what  is  going  on 
in  every  car  or  train  that  is  being  driven  by 
an  electric  motor.  Suppose  that  the  weight  to 
be  moved  can  be  represented  by  a weight  W, 
acting  at  a distance  of  r inches  from  the  centre 
of  rotation.  If  the  pulley  itself  has  no  weight, 
we  may  suppose  that  a string  is  coiled  round 
it  and  carried  along,  and  attached  to  the 
weight  of  W lbs.,  which  moves  horizontally. 
The  only  difference  is  that  the  weight  instead 
of  moving  round  the  circle  moves  in  a hori- 
zontal line.  That  is  simply  another  way  of 
representing  what  goes  on  here.  If  I had  time 
I could  put  on  our  wooden  pulley  and  carry  a 
cord  from  it  to  an  arrangement  of  this  kind, 
where  a weight  of  30  pounds  could  slide  hori- 
zontally. You  would  see  that  we  could  get 
exactly  the  same  motion  that  we  have  in  this 
case.  To  get  from  this  the  case  that  we  have 
in  a railway,  all  we  have  to  do  is  to  suppose 
that  instead  of  the  shaft  of  the  motor  being 
fixed,  the  wheel  rolls  on  a rail  and  that  the 
weight  acts  at  the  centre  of  rotation.  The 


Sepfemher  23,  1898.]  JOURNAL  OF  THE  SOCIETY  OF  ARTS, 


velocity  of  a point  on  the  circumference  of 
the  wheel  then  becomes  the  velocity  of  the 
weight  \V  along  the  rail.  We  have  here  then 
exactly  the  same  conditions  of  motion  as  when 
we  attempt  to  move  a train  or  a car  along  a 
horizontal  rail.  If  the  total  force  acting  on  the 
train  is  represented  by  17,  and  the  retarding 
forces  by  3,  the  force  available  for  acceleration 
will  be  represented  by  14,  and  the  acceleration 
or  rate  of  increase  of  speed  will  be  given  by 
the  equation — 

T 


where  T is  here  represented  by  14. 

I want  to  emphasise  specially  the  fact  that 
the  rate  of  increase  of  speed,  or  the  initial 
acceleration,  can  be  made  anything  we  like  by 
simply  adjusting  the  value  of  the  current  at  the 
moment  of  starting.  To  illustrate  this  I will 
make  another  experiment.  This  rheostat, 
shown  at  h in  Fig.  10,  is  in  series  with  the 
armature.  I have  adjusted  it  so  that  when  the 
motor  is  at  rest,  there  is  a current  of  five 
amperes  passing  through  the  armature.  Directly 
I make  the  magnet  circuit,  the  motor  begins 
to  speed  up,  and  the  initial  acceleration  de- 
pends upon  the  difference  between  the  assisting 
and  the  retarding  forces.  The  force  retarding 
the  motion  is  3 lbs.,  but  the  assisting  force 
depends  upon  the  current,  and  that  we  can 
make  anything  w'e  like  by  simply  adjusting  the 
rheostat.  Now  in  this  case  I adjusted  the 
resistance  so  that  the  current  was  six  amperes, 
and,  consequently,  it  started  off  with  an  initial 
acceleration  of  about  15  f.p.s.  per  second.  If  I 
adjust  this  rheostat  so  that  the  initial  current, 
instead  of  being  six  amperes,  is  ten  amperes, 
it  will  start  very  much  quicker.  The  rate  of  start- 
ing up  depends  entirely  upon  the  resistance  in 
the  circuit.  You  see  that  this  entirely  disposes 
of  the  popular  impression  that  a heavy  car  or 
train  “takes”  a large  current  to  start  it.  It 
does  not  of  itself  “take”  any  current  at  all. 
It  takes  just  as  much  current  as  you  choose  to 
let  it  have,  and  the  weight  of  the  train  does  not 
make  the  least  difference.  The  current  that  it 
takes  at  the  moment  of  starling  simply  depends 
upon  Ohm’s  law,  i.e.,  upon  the  value  of  the 
resistance  that  you  choose  to  put  in  the  circuit 
at  the  moment  of  starting.  I have  arranged 
this  rheostat  now*  in  such  a way  that  the  current 
at  the  moment  of  starting  is  six  amperes  ; on 
making  the  circuit  it  starts  with  an  initial 
acceleration  of  15  f.p.s.  per  second  ; if  I increase 
the  current  by  altering  the  rheostat  I can  make 
it  start  at  32  f.p.s.  per  second,  so  that  there  is 
TiO  foundation  at  all  for  the  impression  that  a 
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heavy  train  takes  more  current  to  start  than  a 
light  one  ; you  can  make  it  take  whatever  cur- 
rent you  like,  but  the  rate  at  which  it  starts  up 
depends  on  the  amount  of  current. 

As  long  as  the  difference  between  the  assist- 
ing and  retarding  forces  remain  constant  the 
rate  of  increase  of  speed  remains  constant. 
We  can  represent  this  graphically.  J will  take 
a line  o a,  as  in  Fig.  12,  and  another  line-,  o b, 


right  angles  to  it,  and  measure  along  o a 
the  time  in  seconds,  and  along  the  ob  the 
speed  in  feet  per  second.  Let  us  now  repre- 
sent in  this  figure  the  motion  of  a point  on 
the  rim  of  our  pulley.  As  long  as  the  differ- 
ence between  the  assisting  and  the  retarding 
forces  remains  the  same,  the  acceleration  will  be 
uniform,  and  the  line  of  acceleration  will  be 
straight,  such  as  0 c.  You  will  see  that  in 
order  that  the  assisting  force  should  remain 
the  same,  the  current  must  remain  the  same. 
Now  does  the  current  remain  the  same.'  Let 
us  see.  We  will  take  a current  of  6 amperes 
through  the  rheostat.  Now  when  I start  the 
motor  by  making  the  magnet  switch,  you  will 
see  that  the  current  does  not  remain  constant. 
Why  does  it  not  remain  constant  ? Because 
directly  motion  begins,  the  motor  on  its  own 
account  begins  to  induce  a certain  tension,  and 
that  tension  tends  to  stop  the  flow  of  the  cur- 
rent through  the  armature,  and  we  know  that 
that  tension  is  given  by  the  product  M // ; so 
that  the  quicker  the  motor  runs,  the  greater 
will  be  the  induced  tension,  and  the  smaller 
the  current  in  the  armature.  Directly  motion 
commences,  the  current  begins  to  get  less. 
Instead  of  getting  a line  like  oc,  we  get  a 
line  like  od.  That  is  to  say,  the  acceleration 
instead  of  remaining-  constant,  gradually  gets 
less  and  less. 

There  is,  however,  a way  in  which  we  can 
maintain  the  acceleration  constant,  namely, 
by  keeping  the  current  constant.  How  can  we 
do  this  ? I will  try  to  do  it  with  this  apparatus. 
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I will  start  off  with  six  amperes,  and  what  I 
want  to  do  is  to  keep  the  ammeter  pointed  at 
six,  as  the  motor  speeds  up,  and  if  I can  do 
that,  I shall  keep  the  acceleration  constant.  I 
have  then  to  take  the  resistance  of  the  rheostat 
out  as  the  motor  speeds  up.  It  is  clear  that  I 
can  keep  the  current  constant  just  as  long  as 
there  is  any  resistance  left  in  the  rheostat.  So 
that  I am  able  to  keep  this  line  straight  up  to 
the  point  c,  and  as  soon  as  the  resistance  is 
all  out,  the  current  begins  to  diminish,  and  the 
speed  will  increase  until  the  final  speed  is 
increased. 

Before  we  leave  this  diagram,  I want  to 
draw  a curv^e  on  it,  which  shall  represent  the 
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of  a series  wound  motor,  such  as  is  shown  ai, 
o in  Fig.  13.  From  this  induction  curve  wc| 
can  determine  the  amount  of  the  torque  for  al; 
values  of  the  current,  so  that  we  get  a torquci 
curve,  such  as  o /i,  representing  for  any  giver, 
current  the  value  of  the  torque  in  inch-pounds. 
We  can  also  get  a curve,  such  as  ^ A\  repre- 
senting for  each  value  of  the  current  the  cor- 
responding value  of  the  speed.  Having  obtained 
the  torque  and  also  the  speed  for  any  current, 
we  can  at  once  deduce  the  torque  for  any 
speed,  and  we  are  thus  able  to  draw  a curvei 
giving  us  the  torque  at  different  speeds.  This 
curve  is  shown  in  Fig.  13  as  “ Torque  on  speed 
base,”  the  speed  in  this  case  being  measured 


variations  of  current.  Let  us  represent  along 
f?  b,  not  only  the  speed,  but  also  the  current  in 
amperes.  Let  o f represent  a current  of  six 
amperes  ; then  the  current  curve  will  be  given 
by  a horizontal  line  up  to  the  point  g,  when 
the  rheostat  is  all  out  and  the  acceleration 
ceases  to  be  constant.  After  this  point  the 
current  rapidly  diminishes  until  it  finally  be- 
comes constant  again,  when  the  speed  is 
uniform.  We  shall  find  later  on  that  these 
curves  of  speed  and  current  are  of  great 
importance  and  practical  use. 

I want  now  to  explain  briefly  how  the  car 
attains  finally  a uniform  speed.  Let  me  draw 
our  attention  once  more  to  the  induction  curve 


horizontally  in  the  figure.  Let  us  see  what 
this  curve  means.  If  we  start  at  the  point,  b, 
where  the  speed  is  nothing,  the  torque  has  its 
maximum  value,  b h\  as  the  motor  or  car 
speeds  up,  the  torque  gets  less,  and  the  more  1 <■ 
the  car  speeds  up,  the  less  the  torque  becomes,  < 
until  finally,  in  this  case,  the  torque  for  high  ! I 
speeds  becomes  very  small  indeed.  ] 

In  Fig.  14,  we  have  a curve  giving  the  torque  j | 
at  different  speeds  for  a railway  motor.  The  | 
curve  of  total  torque.  A,  gives  us  for  any  speed 
the  corresponding  value  of  the  torque,  the  i 
speed  being  measured  horizontally,  and  the  ! 
torque  vertically  from  the  point  o.  Curve  B 
gives  us  the  variation  of  the  retarding  forces 
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in  the  motor,  also  on  a speed  case.  We  find, 
in  practice,  that  the  force  opposing  the  motion 
of  a car  or  train  are  not  constant— that  it  de- 
pends upon  the  speed.  It  is  not  difficult  to 
determine  how  it  varies  with  the  speed.  You 
will  find  that  at  the  moment  of  starting  the 
force  opposing  the  motion  is  very  great ; after 
the  driving  wheels  have  made  one  or  two  revo- 
lutions it  gets  less  and  then  generally  increases 
again  with  the  speed.  Curve  c is  called  the 
curve  of  accelerating  torque,  since  it  gives  us 
the  difference  between  the  total  torque  and  the 
retarding  torque  ; that  is  to  say,  it  tells  us  how 
much  force  is  available  for  acceleration.  It  is 
obvious  that  where  curve  B cuts  curve  A,  the 
accelerating  torque  must  become  nothing,  and 
uniform  speed  will  have  been  reached. 

When  we  start  up  a car  the  total  torque 
depends  upon  the  amount  of  current  passing 
in  the  motor,  and  the  accelerating  torque  is 
equal  to  the  difference  between  this  and  the 
retarding  torque.  As  the  car  speeds  up,  the 
total  torque  gets  less,  and  the  accelerating 
torque  also  diminishes  until,  at  the  moment 
when  the  total  torque  is  equal  to  the  retarding 
torque,  the  force  tending  to  assist  the  motion  is 
nothing,  and  uniform  speed  will  have  been 
obtained. 

To  some  minds  this  question  of  the  starting 
of  a car  or  train  appears  to  be  fraught  with 
difficulty.  One  is  sometimes  confronted  with 
the  familiar  dilemma  that,  if  action  and  re- 
action are  equal  and  opposite  ; if,  for  instance, 
the  force  with  which  the  horse  pulls  on  the 
traces  of  a cart  is  equal  to  the  force  with  which 
the  cart  resists  that  pull,  how  do  we  get  any 
motion  at  all  ? There  are,  as  we  have  already 
seen,  two  distinct  forces  acting,  one  assisting 
and  one  resisting  the  motion.  If  the  force 
assisting  the  motion  at  the  outset  is  not  greater 
than  that  resisting  the  motion  the  train  cannot 
start.  Unless  we  let  enough  current  go  through 
the  motor  to  give  a horizontal  pull  greater  than 
the  force  which  resists  the  motion,  the  motor 
will  not  start,  but  if  we  allow  enough  current  to 
pass,  so  that  the  assisting  force  due  to  the 
current  in  the  armature  of  the  motor  is  greater 
than  the  resisting  force  due  to  friction,  &c., 
then  we  get  a resultant  force  available  for 
accelerating ; the  train  will  begin  to  speed  up, 
and  the  amount  of  the  initial  acceleration  will 
depend  upon  the  difference  between  the  assist- 
ing and  retarding  forces  at  the  moment  of 
starting. 

In  conclusion,  I will  take  the  case  of  a train 
on  the  City  and  South  London  Railway,  with 
"which  you  must  be  familar,  and  see  how  the 


principles  that  we  have  been  discussing  apply 
there.  I propose  to  try  and  predetermine 
what  will  happen  when  one  of  those  trains 
is  started. 

We  will  take  the  tension  of  the  line  at  400 

volts,  and  the  weight  of  the  train  35  tons. 

The  driving  wheels  of  the  locomotive  are 
27  inches  in  diameter,  and  there  are  two  gear- 
less motors  in  each  locomotive,  which  arc 
connected  permanently  in  series,  so  that 

there  is  a tension  of  200  volts  on  each  motor. 
The  initial  acceleration  of  a train  und«r 
those  conditions  depends  entirely  on  th^- 
amount  of  current  that  you  allow  to  pa 

through  the  motor  at  the  time  of  starting.  'I  he 
average  current,  as  shown  by  experiment,  is 
150  amperes.  What  is  the  effect  of  passing 
this  current  through  the  motors  ? I have 
already  shown  you  the  induction  curx'e  of 


Fig.  14. 


these  motors,  and  if  you  look  at  Fig.  2.  you 
will  see  that  for  150  amperes  the  value  of  M is 
63  ; you  can  then  calculate  what  will  be  the 
value  of  the  horizontal  pull  with  wheels  27 
inches  in  diameter.  The  total  pull  available 
for  all  purposes,  will  be  984  lbs.  per  motor. 
From  experiment,  we  find  that  the  force 
opposing  the  motion  at  the  moment  of  starting 
is  426  lbs.  Taking  the  difference  between  984 
and  426,  we  get  a resultant  of  558  lbs.  avail- 
able for  accelerating.  There  are  two  motors, 
so  that  each  motor  has  to  accelerate  half  the 
weight  of  the  train.  You  must  now  make  use 
of  the  equation  that  I gave  you  for  getting  the 

T 

acceleration,  namely,  a — 32*2  and  we  see 

that  a is  0-46  f.p.s.  per  second,  so  that  if  this 
acceleration  remained  constant  for  40  seconds, 
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the  speed  of  the  train  at  the  end  of  that  time 
would  be  about  i8  feet  per  second.  The  current 
will  be  kept  constant  as  long  as  there  is  any 
resistance  left  in  the  starting  rheostat.  Directly 
the  starting  rheostat  is  all  out,  the  current  will 
diminish  in  the  way  you  saw  on  the  ammeter 
in  our  experiment,  and  the  acceleration  will 
cease  to  be  constant,  gradually  getting  less 
and  less  until  finally  uniform  speed  is  attained. 
This  acceleration  curve  may  be  constructed 
by  a graphic  method  when  you  have  the 
induction  curve  of  the  motor. 


You  may  remember  that  not  long  ago 
acceleration  curves  of  the  trains  for  the  new 
Central  London  Railway  were  published,  pre- 
dicting the  action  of  the  locomotives  to  be 
used  on  that  railway.  I was  interested  to  see 
in  one  of  the  technical  journals  a laugh  raised 
against  the  makers  of  these  locomotives  because 
they  ventured  to  predetermine  what  they  were 
going  to  do.  Now  if  we  have  the  profile 
of  a line,  the  resistances  to  motion  and  the 
induction  curve  of  the  motors,  we  can  pre- 
determine with  remarkable  certainty  the  shape 


Seconds 


Fig-  15  gives  the  actual  result  as  obtained 
by  experiment.  The  starting  current  is  150 
amperes.  You  see  the  acceleration  is  held 
practically  constant  for  very  nearly  40  seconds, 
and  at  that  time  the  speed  of  the  train  is 
20  feet  per  second — -very  nearly  what  it  was  by 
calculation.  Directly  the  rheostat  is  all  out 
the  current  begins  to  decrease  very  rapidly, 
and  the  acceleration  soon  becomes  constant. 
At  the  end  of  137  seconds  the  current  is  cut 
off,  the  brakes  put  on,  and  the  car  comes  to  a 
standstill  in  152  seconds. 


• 15- 

of  the  acceleration  curve.  There  is  no  other 
method  of  locomotion  in  which  you  can  predict 
in  that  way  what  a train  will  do  ; steam  en- 
gineers have  not  yet  obtained  that  knowledge 
of  the  action  of  a locomotive  that  would  enable 
them  to  predetermine  their  acceleration  curves 
in  this  wa}\  When,  therefore,  you  see  the 
diagrams  of  acceleration  of  a line  such  as  the 
Central  London  Railway  predetermined,  you 
must  not  suppose  that  the  makers  of  those 
motors  are  talking  about  what  they  do  not 
understand. 
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Miscellaneous. 

♦ 

THE  A PPL/CAT/ON  OF  THE  ELECTRIC 
MOTOR  TO  SMALL  INDUSTRIAL  PUR- 
POSES* 

The  electric  motor  is  rapidly  becoming  the  most 
favoured  medium  for  the  transformation  and  trans- 
mission of  energy  for  all  industrial  operations  whether 
on  a large  or  a small  scale.  This  is  due  to  the  para- 
mount advantages  it  possesses  over  any  other  method 
of  utilising  potential  energy.  These  advantages  arc 
well  known  to  electrical  engineers,  but  indifferently 
appreciated  by  a large  number  of  mechanical  engi- 
neers, and  almost  unknown  by  the  general  manu- 
facturer and  tradesman.  To  the  last  of  these  three, 
the  general  manufacturer  and  tradesman  who  is  using 
machinery  driven  at  present  by  steam  or  water  powxr, 
the  electric  motor  must  in  the  days  to  come  prove  of 
exceptional  value  ; and  yet,  strangely  enough,  very 
little  effort  has  hitherto  been  made  either  by  the  motor 
maker  or  by  the  managers  of  electricity  supply  under- 
takings to  open  up  this  very  wide  and  lucrative  field 
cf  enterprise.  There  is  no  necessity  to  enumerate  here 
the  many  excellent  and  distinctive  features  which  the 
electric  motor  possesses.  The  intention  in  this  paper 
is  rather  to  consider  the  reasons  why  its  application 
up  to  the  present  time  has  been  confined  to  a few 
special  trades  and  manufactures.  We  are  familiar, 
for  instance,  with  electrically-driven  pumps,  electric 
hoists  and  cranes,  electrically-driven  machine  tools, 
and  electric  power  transmission  in  works — cases  in 
w’hich  the  generation,  transformation,  and  application 
occur  practically  under  one  roof.  Many  manufacturers 
and  constructional  engineers,  wisely  and  readily  in- 
curring additional  capital  outlay  wdth  the  object  of 
securing  more  economical  production,  have  adopted 
electric  motors,  w'hich  do  not  entail  the  use  of  endless 
and  power-absorbing  shafting  and  countershafting. 
As  yet,  however,  it  cannot  be  said  that  the  electric 
motor  is  in  general  use,  or  scarcely  other  than  just 
past  the  threshold  of  its  future  domain. 

The  smaller  producer  and  tradesman,  to  w'hom 
motive  power  in  some  form  or  other  is  essential,  and 
who  feels  more  acutely  than  his  larger  confrere  the 
effects  of  competition,  has,  in  the  great  majority  of 
cases,  still  to  put  up  with  very  much  more  cumber- 
some and  very  much  less  efficient  means  of  pow'er 
production.  Almost  every  town  with  any  pretensions 
to  size  and  importance  has  its  own  large  staple  in- 
dustries as  w'ell  as  many  minor  industries  and  busi- 
nesses, requiring  the  use  of  other  powder  than  hand 
power.  There  are  also  some  handicrafts  which  arc 
at  present  unavoidably  confined  to  hand  power, 


• Abstract  of  paper  read  before  Section  G (Mechanical 
Science)  at  the  meeting  of  the  British  Association  at  Bristol, 
by  Alfred  H-  Gibbings,  M.T.E.E, 


because  steam,  gas,  oil,  and  hydraulic  power  are  each 
and  all  inapplicable.  There  can  be  little  doubt  that 
the  electric  motor  would  be  welcomed  and  readily 
adopted  in  these  cases  if  only  its  simplicity  and 
adaptability  w'ere  known  and  understood. 

The  chief  obstacle  to  the  more  rapid  adoption  of 
electric  motive  power,  especially  in  the  case  of  small 
tradesmen,  throughout  the  country  is  undoubtedly 
the  want  of  capital  to  purchase  the  necessary'  motor ; 
but  where  the  power  to  jiurchase  exists,  the  buyer 
will  probably  have  little  or  no  experience  or  know- 
ledge of  electrical  matters  to  guide  him  in  his  pur- 
chase ; if  his  means  are  at  all  limited  he  will  be 
tempted  to  venture  on  a cheap  line,  and  l)ecomc  the 
dupe  of  those  who  simjdy  make  to  sell.  The  solution 
of  these  difficulties  is  that  the  owners  of  electricity 
supidy  undertakings,  whether  a public  company, 
municipality,  or  other  local  authority,  should  them- 
selves purchase  good,  reliable  motors,  and  let  them 
out  on  hire.  Antecedently  this  scheme  may  appear  a 
sort  of  parental  regime,  but  it  is  suited  to  present 
circumstances  at  any  rate,  and  experience  proves  it  to 
work  well.  Unfortunately,  all  local  authorities  have 
not  got  powers  to  borrow  money  for  this  purpose, 
although  it  appears  from  the  Electric  Lighting  and 
Public  Health  Acts  that  borrowing  powers  may  be 
granted  by  the  Local  Government  Board  for  works  of 
a permanent  nature.  Electric  motors  do  not  yet 
come  within  that  category,  although  gas-stoves  do, 
a legal  decision  having  been  given  in  their  case. 
All  future  municipal  Parliamentary  Bills  should 
therefore  contain  clauses  which  would  confer  such 
powers  and  secure  freedom  of  action  in  this  respect. 
In  Bradford  a rental  charge  of  10  per  cent,  upon 
the  initial  cost  of  each  motor  has  been  found  to  be 
amply  sufficient.  This  is  made  up  of  3 per  cent,  for 
interest,  3 per  cent,  for  sinking  fund,  and  4 per  cent, 
for  depreciation  and  contingent  expenses.  The 
Bradford  Corporation  inaugurated  their  scheme  of 
hiring  (in  which  also  arc  lamps  are  included  on 
similar  terms)  in  November,  1896,  and  it  was  found 
that  the  increase  in  electricity  supplied  for  motive 
power  in  1896,  in  which  year  the  hire  system  had 
been  in  operation  for  two  months  only,  was  19,053 
units;  in  1897  the  increased  sale  over  1896  was 
52,204  units ; and  in  the  present  year  the  increase  is 
likely  to  be  62,834 — or  a sale  of  180,000  units,  or  53 
per  cent,  over  1897. 

Hitherto  the  supply  has  been  confined  to  small 
power  uses — such  as  cranes,  hoists,  fans,  pumping, 
aerated  water  making,  electric  advertisement  signs, 
and  similar  purposes.  During  the  last  month,  how- 
ever, so  popular  has  the  electric  motor  become  that 
apidications  have  been  received  from  a large  spinning 
and  weaving  firm,  two  foundries  for  blower  purposes, 
an  engineering  shop  reciuiring  50  h.p.,  and  a saw  mill 
requiring  about  20  h.p.  I referred  a moment  or  two 
ago  to  the  want  of  confidence  of  the  small  power  user 
in  the  electric  motor ; that  confidence,  however,  is 
soon  gained.  It  is  gratifying  to  be  able  to  state  that 
several  consumers  in  Bradford  who  originally  applied 
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on  tlie  hire  system,  and  at  the  time  with  much  trepi- 
dation and  many  inquiries,  have  since  decided  to  pur- 
chase the  motors  outright. 


DR.  RUSSELL'S  PHOTOGRAPHIC 
RESEARCHES. 

At  the  recent  meeting  of  the  British  Association  at 
Bristol,  Dr.  W.  J.  Russell  gave  (before  the  Chemical 
Section)  some  further  information  as  to  his  recent 
researches  on  the  action  exerted  by  certain  metals 
and  organic  substances  on  photographic  plates.  In 
recent  communications  to  the  Royal  Society  and  the 
Camera  Club,  Dr.  Russell  has  shown  that  a picture 
can  be  obtained  on  a sensitive  photographic  plate  in 
total  darkness— that  is,  that  by  other  means  than 
light  the  film  can  be  so  acted  bn  as  to  get  a picture 
by  submitting  the  film  after  exposure  to  treatment 
identical  with  that  to  which  the  light  pictures  are 
subjected.  The  material,  metallic  or  otherwise,  to  be 
tested  was  placed  over  a sensitive  plate  either  in 
contact,  or  with  an  intervening  screen  of  air  or  some 
other  liiaterial,  or  the  order  was  reversed  and  the 
sensitive  plate  placed  above  ; the  period  of  leaving  in 
this  position  varied  from  a few  hours  to  a week, 
according  to  circumstances,  the  time  being  less  with 
more  active  substances,  with  the  proximity  of  the 
object  to  the  sensitive  plate,  and  with  increase 
of  temperature ; there  is,  however,  a limit  to  the  tem- 
perature that  can  be  employed  in  practice — namely, 
about  55°  C.  Printing  ink  was  shown  to  be  very 
active  in  the  sense  indicated.  Some  ordinary  type,  a 
portion  of  the  cover  of  Punch,  and  the  wrapper  of  a 
packet  of  tobacco  had  been  submitted  to  the  test,  and 
had  reproduced  strongly-defined  pictures ; the  last 
mentioned  was  particularly  interesting,  inasmuch  as 
the  red  ink  had  proved  active,  the  blue  inactive. 
Strangely,  writing  ink  (old-fashioned)  is  quite  inactive, 
and  paper  having  writing  on  it  in  ink,  even  over  a 
hundred  years  old,  when  placed  between  a sheet  of 
active  material  and  a sensitive  plate  yielded  a picture 
in  which  the  writing  appeared  quite  distinctly,  white 
on  black,  in  spite  of  the  original  being  in  some  cases 
indistinct ; ferrous  sulphate  behaves  like  ink.  The 
list  of  materials  thut  are  active  is  very  long,  and  in- 
cludes wood,  which  gives  a picture  of  the  grain  and 
knots.  Many  metals  are  active,  but  zinc  is  very 
active  only  when  bright,  so  that  a dirty  sheet  of 
zinc  rubbed  with  sand  paper  gives  a picture  of  the 
scratches.  Many  alloys  are  also  active,  pewter  and 
fusible  metal  being  two  of  them,  and  curiously  some 
brasses  are,  whilst  others  are  not.  The  effective  agency 
that  passes'  from  the  material  to  the  sensitive  plate 
shows  peculiarities.  It  passes  through  gelatine,  gutta- 
percha, celluloid,  collodion,  wet  gum  arabic,  and  some 
paper,  whilst  other  paper,  glass,  minerals  transparent 
to  light,  and  many  other  substances  are  opaque  to 
ihese  emanations,  and  some  striking  effects  were  ex- 
hibited demonstrating  the  interference  of  these  opaque 
substances  when  interposed  between  an  active  sub- 


stance and  the  sensitive  plate.  For  instance,  a five 
pound  note  placed  printing  downwards  on  the  sensi- 
tive plate  gave  a picture  of  the  printing  inscription, 
but  when  placed  under  a zinc  plate  with  the  print- 
ing towards  the  zinc  plate  it  gave  a picture  of  the 
opaque  paper  with  the  water  marks  distinctly  showing, 
and  what  is  still  more  astonishing,  the  zinc  plate,  after 
contact  with  the  note,  itself  yielded  a picture  of  the 
inscription,  showing  that  the  influence  from  the  ink 
had  passed  to  the  zinc  plate.  It  was  noteworthy  that 
the  signature  was  not  in  writing  ink.  A cutting  from 
the  Times,  the  paper  being  transparent,  showed  a 
picture  of  the  printing  on  both  sides ; the  picture, 
moreover,  was  reversible,  showing  that  a perfect 
picture  of  both  sides  of  the  paper  had  been  impressed 
on  the  one  plate.  This  interesting  phenomenon,  is 
however  not  quite  explained,  but  the  great  amount  of 
work  he  has  done  leads  him  to  the  provisional  ojrinion 
that  the  effect  is  due  to  the  evolution  of  hydrogen 
peroxide. 


Obituary. 

♦ 

Jeremiah  James  Colman. — Mr.  J.  J.  Colman, 
who  died  at  Lowestoft  on  the  18th  inst,,  had  been  a 
member  of  the  Society  of  Arts  since  1855.  He  was 
the  head  of  the  well-known  firm  of  Messrs  J.  and  J. 
Colman,  mustard,  starch,  and  blue  manufacturers. 
He  was  born  in  1830,  and  was  the  only  son  of  Mr. 
James  Colman,  of  Stoke  Holy  Cross,  ISorwich. 
From  1871  till  1895  he  represented  Norwich  in 
Parliament.  He  was  mayor  of  Norwich  in  1867-8. 
He  was  a well-known  agriculturist  and  breeder  of 
stock,  and  took  many  prizes  at  the  Smithfield,  Royal, 
and  other  shows. 


General  Notes. 


St.  Petersburg  Horticultural  Exhibition. 

— Information  has  been  receis'ed  from  the  Foreign- 
office,  through  the  Department  of  Science  and  Art, 
that  a Horticultural  Exhibition  muII  be  held  at  St. 
Petersburg  in  May,  1899. 

French  Institutions  de  Prevoyance.— It  is 
announced  that  the  Association  des  Institutions  de 
Prevoyance  of  Paris  proposes  to  celebrate  in  1900  the 
twenty-fifth  anniversary  of  its  foundation,  by  holding 
a special  meeting,  at  which  the  Permanent  Secretary 
(Mons.  de  Malarce)  will  present  a report  on  the 
history  of  the  Institution,  and  the  work  which  has 
been  done  during  the  twenty^five  years,  of  its  I 
existence. 
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Notices. 


EXAMINATIONS,  1899. 

The  dates  fixed  for  the  Society’s  Examinations 
in  1899  are  Monday,  March  13th,  Tuesday, 
14th,  Wednesday,  15th,  and  Thursday,  i6th. 

The  Programme  of  Examinations  is  now 
ready.  Copies  of  the  Programme,  with  full 
details,  and  an  Appendix  containing  last 
year’s  questions  and  reports  by  the  Examiners, 
can  be  had,  price  3d.,  post  free,  on  application 
to  the  Secretary,  Sir  Henry  Trueman  Wood, 
Society  of  Arts,  Adelphi,  W.C. 


Proceedings  of  the  Society. 

— ^ — 4 

CANTOR  LECTURES. 
ELECTRIC  TRACTION. 

By  Prof.  Charles  A.  Carus -Wilson. 

M.A.,  M.Inst.E.E. 

Lecture  III. — Delivered  May  16,  1898. 

We  saw  last  week  that  when  a motor  is  con- 
nected to  a line  of  constant  tension,  it  speeds 
up  from  rest  according  to  a definite  law,  and 
that  if  the  resistance  of  the  motor  is  unchanged 
in  the  process,  the  rate  of  speeding  up,  that  is 
to  say,  the  acceleration,  has  a certain  definite 
initial  value  that  can  be  easily  calculated,  and 
then  gradually  diminishes,  the  time  required 
to  attain  full  speed  depending  chiefly  upon  the 
moment  of  inertia  of  the  mass  that  has  to  be 
set  in  motion. 

We  saw  also  that  if  we  are  able  to  vary  the 
resistance  in  the  circuit,  by  means  of  a rheo- 
stat in  series  with  the  armature  of  the  motor, 
we  can  keep  the  acceleration  constant  for  a 
considerable  period,  for  so  long,  in  fact,  as  we 
can  keep  any  resistance  in  circuit,  and  that 
when  the  rheostat  is  “all  out,”  the  accelera- 
tion begins  to  diminish  as  it  does  in  the  case 
already  considered  where  the  resistance  is 
constant 


We  have  now  to  see  how  the  principles  that 
have  been  shown  to  hold  when  a motor  is 
speeding  up  from  rest  may  be  applied  to  the 
practical  case  of  controlling  the  action  of  a 
motor  or  motors. 

Before  taking  up  the  question  of  control  in 
its  practical  aspects,  let  us  devote  .a  few 
minutes  to  considering  two  important  ways  in 
which  the  curves  of  acceleration  and  current 
may  assist  our  future  discussion. 

Referring  to  the  diagram  given  in  Fig.  12, 
and  confining  our  attention  for  the  present  to 
the  curve  of  acceleration  with  variable  resist- 
ance, let  us  suppose  that  we  draw’  a line 
parallel  to  the  speed  axis,  that  is  to  say,  a 
vertical  line,  cutting  the  acceleration  curv’e  at 
any  point.  Now  vertical  distances  represent 
speeds  in  feet  per  second,  and  horizontal  dis- 
tances represent  time  in  seconds,  hence  any 
area  enclosed  between  the  curve  and  such  a 
vertical  line  as  we  have  drawn,  will  represent 
the  product  of  feet  per  second  and  seconds, 
that  is  to  say,  feet.  It  follows  that  when  we 
have  the  curve  of  acceleration,  representing 
the  way  in  which  a car  or  train  speeds  up 
from  rest,  we  can  find  the  distance  in  feet  that 
will  have  been  covered  in  any  given  number 
of  seconds  from  the  moment  of  starting,  by 
drawing  a vertical  line  through  the  point  in 
the  time  base  corresponding  to  the  given  time, 
and  finding  the  area  included  between  that 
line,  the  curve  and  the  time  base.  tor 
instance,  if  we  have  to  compare  the  distance 
travelled  in  so  many  seconds  from  the  moment 
of  starting  by  the  two  methods  of  constant 
and  variable  acceleration,  as  shown  by  the 
acceleration  curves  in  Fig.  12,  we  can  do  so 
at  once  by  draw'ing  a vertical  line  at  the 
proper  point  on  the  time  base,  and  comparing 
the  areas  included  between  this  line  and  the 
two  acceleration  curves.  A simple  inspection 
shows  us  that  the  distance  covered  by  the 
constant  acceleration  method  is  greater  than 
that  of  the  variable  acceleration. 

If  we  draw  a number  of  vertical  lines  at 
different  times,  and  find  by  this  method  the 
distance  travelled  at  each  time,  and  set  off  a 
vertical  length  along  the  line  previously  drawn 
on  some  suitable  scale,  we  shall  get  a cuiwe 
giving  us  the  distance  travelled  at  each  time. 
Such  a curve  has  been  drawn  in  Fig.  15, 
giving  the  performance  of  the  motors  on  the 
City  and  South  London  Railway.  This  new 
curve  turns  up  rapidly  after  full  speed  has 
been  attained.  It  is  easy  to  see  that  so  long 
as  the  acceleration  is  constant,  the  distance 
travelled  increases  as  the  square  of  the  time. 
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the  distance  curve  therefore  being  a parabola, 
and  that  directly  the  acceleration  ceases,  and 
full  speed  is  attained,  the  distance  covered 
increases  simply  as  the  time,  so  that  the 
distance  curve  becomes  a straight  line. 

Turning  our  attention  now  to  the  current 
curve,  we  have  seen  that  while  horizontal 
distances  represent  seconds,  as  in  the  accelera- 
tion curve,  the  vertical  axis  measures  current 
in  amperes.  Hence  the  area  of  the  cur- 
rent curve  represents  the  product  of  amperes 
and  seconds.  Now  the  tension  of  the  line  is 
constant,  therefore  the  area  of  the  current 
curve  represents  ampere-seconds  multiplied  by 
volts,  that  is  to  say,  watt-seconds,  or,  more 
simply,  work  done.  If  then  we  have  the 
current  curve  giving  the  variations  of  the 
current  used  in  starting  a car  or  train,  we  can 
find  out  how  much  work  has  been  done  in 
starting,  by  drawing  a vertical  line  through 
the  given  point  on  the  time  base,  and  finding 
the  area  of  the  current  curve  included  between 
this  line  and  the  current  curve,  expressed  in 
watt-seconds  or  foot-pounds,  or  any  other  con- 
venient unit  of  work.  We  shall  find  that  we 
often  have  occasion  to  compare  the  work  done 
in  covering  a given  distance,  or  in  getting  up 
a given  speed,  by  different  methods  of  control, 
and  we  shall  be  able  to  effect  our  comparison 
most  conveniently  by  comparing  the  areas  of 
the  current  curves. 

Let  us  now  consider  the  simplest  case  of 
motor  control,  namely,  that  where  there  is  one 
motor  only.  First  of  all,  we  are  met  by  the 
difficulty  that  if  we  suddenly  switch  on  a 
motor  at  rest  to  a line  of  any  considerable 
tension,  we  shall  have  so  large  a current 
passing  through  the  armature  that  we  shall 
inevitably  blow  the  fuse  inserted  in  the  circuit 
to  protect  the  motor  from  injury.  It  is  obvious, 
therefore,  that  we  must  either  make  the 
resistance  of  the  motor  sufficiently  large,  so 
that  when  thrown  on  the  line,  the  current,  as 
given  by  Ohm’s  law,  does  not  exceed  the  safe 
limit,  or  else  we  must  have  a rheostat  in  series 
with  the  armature,  which  may  be  gradually 
removed  as  the  motor  speeds  up.  The  question 
then  arises,  “ Would  it  not  be  simpler  to  do 
away  with  the  rheostat,  and  have  all  the  resis- 
tance in  the  motor  itself?”  There  are  serious 
objections  to  such  a method.  In  the  first  place 
the  C'R  losses,  which  are  so  large  a part  of  the 
losses  incurred  in  starting,  are  increased 
directly  in  proportion  to  the  resistance  in  the 
circuit.  I think  we  should  be  all  ready  to  admit 
that  from  the  point  of  view  of  economy  of  running 
a high  internal  resistance  is  objectionable. 


There  is,  however,  another  reason  why  a 
high  internal  resistance  should  be  avoided. 
The  speed  of  a motor  may  be  expressed  by 
E-CR 

the  equation  n — where  C is  the  cur- 

^ M 

rent  required  to  balance  the  load  on  the  motor. 
Now  if  the  speed  at  full  load  is  fixed,  a motor 
with  a high  internal  resistance  must  have  a 
proportionally  small  induction  factor.  Hence 
the  torque  for  any  given  current  will  be  smaller 
for  the  motor  with  the  higher  internal  resist- 
ance, so  that  at  the  moment  of  starting  the 
torque  available  for  acceleration  will  be  less. 
Now  I am  not  bringing  this  point  to  your 
notice  simply  for  the  sake  of  the  theoretic 
interest  involved.  It  is  a matter  of  distinct 
practical  importance. 

By  way  of  illustration  I may  quote  the  case 
of  the  motors  which  were  designed  to  run  on 
the  Liverpool  Overhead  Railway.  The  first 
motors  that  were  designed  for  this  railway 
were  made  with  very  high  internal  resistance, 
as  much  as  I’oq  ohms,  including  the  armature 
and  the  magnets,  the  motors  being  series 
wound.  The  object  of  making  the  resistance 
so  high  was  stated  to  be  to  get  as  much  as 
possible  of  the  starting  resistance  in  the  form 
of  convolutions  on  the  armature,  for  then,  it 
was  said,  the  resistance  that  would  otherwise 
have  to  take  the  form  of  a rheostat,  might  be 
made  use  of  to  get  a greater  torque  at  the 
moment  of  starting. 

Now  these  motors  had  to  comply  with  a 
certain  specification,  which  stipulated  that 
they  should  give  a definite  horizontal  pull  at  a 
given  speed.  Under  these  conditions  the  in- 
duction factor  is  smaller  in  proportion  as  the 
resistance  is  greater.  In  this  particular  case, 
the  induction  factor  for  lOO  amperes  in  the 
magnet  winding  was  172,  and  the  horizontal 
pull  on  33-inch  driving  wheels  was  1,460  lbs. 

If  the  internal  resistance  had  been  reduced, 
say  to  0’39  ohms,  the  induction  factor  might 
have  been  increased  to  184  for  100  amperes; 
giving  a horizontal  pull  of  1,560  lbs.  for  100 
amperes ; these  motors  would  thus  give  the 
specified  pull  at  full  speed,  but  nearly  7 per 
cent,  more  pull  for  100  amperes ; so  that  the 
increase  in  the  internal  resistance  so  far  from 
increasing  the  tractive  effort  at  the  moment  of 
starting,  actually  decreases  it. 

It  thus  appears  that  it  is  important  to  reduce 
as  much  as  possible  the  internal  resistance  of 
the  motors.  We  are  therefore  obliged  to  use 
a starting  rheostat  of  such  a resistance  that, 
when  placed  in  series  with  the  motor  at  rest, 
the  current  may  not  exceed  the  safe  limit.  It 
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is  easy  to  determine  what  the  resistance  of 
the  first  step  of  the  rheostat  must  be.  Suppose 
that  the  safe  current  as  fixed  at  6o  amperes, 
and  that  the  tension  of  the  line  is  500  volts  ; 
the  total  resistance  in  the  circuit  at  the  moment 
of  starting  must  then  be  8'34  ohms,  so  that  if 
the  resistance  of  the  motor  itself  is,  say,  i ohm, 
that  of  the  rheostat  must  be  7*34  ohms.  As 
the  motor  speeds  up,  this  resistance  may  be 
taken  out,  the  current  meanwhile  being  kept 
constant  at  60  amperes.  During  this  process 
the  acceleration  will  be  constant.  If  we 


running  at  equal  speeds,  and  the  loads  on 
the  motors  will  be  equal. 

'J'herc  are  three  possible  methods.  The 
motors  may  be  run  permanently  in  parallel,  so 
that  each  motor  will  act  as  a single  motor  con- 
trolled with  its  own  starting  rheostat  in  the 
way  we  have  just  been  discussing.  Secondly, 
the  two  motors  may  be  connected  perman-^mtly 
in  series,  and  controlled  with  a single  rheostat. 
Thirdly,  the  motors  may  be  connected  first  in 
series  and  then  in  parallel.  1 propose  briefly 
to  discuss  these  methods  and  to  compare  them. 


Fig.  16. 


know  the  induction  factor  for  60  amperes,  we 
know  the  total  horizontal  pull  with  driving 
wheels  of  given  diameter.  If  we  know  the 
resistance  to  motion,  we  can  deduce  the  trac- 
tive effort  available  for  acceleration,  and  hence 
the  acceleration.  When  the  starting  rheostat 
is  “ all  out,”  the  motor  will  speed  up  by  itself, 
and  the  current  rapidly  diminish  in  the  way 
we  have  already  seen. 

We  now  come  to  the  case  where  w'e  have 
two  motors  to  deal  with,  as  for  instance  in  a 
railway  car.  The  two  motors  will  of  course  be 


To  fix  our  ideas  let  us  take  a definite  in- 
stance. Suppose  that  we  have  a railway  car 
weighing  40  tons,  and  that  it  has  to  travel  at 
30  miles  an  hour,  the  resistance  to  motion  at 
that  speed  being  expressed  in  terms  of  torque 
at  the  main  driving  axles,  and  equal  to  200 
inch-pounds  per  ton  of  load.  Suppose,  further, 
that  the  driving  wheels  are  33  inches  in 
diameter,  that  the  motors  are  gearless,  so  that 
the  velocity  ratio  is  unity,  that  the  tension  of 
the  line  is  500  volts,  and  the  internal  resistance 
of  each  motor  0’4  ohms. 
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Confining  our  attention,  in  the  first  instance, 
to  the  case  where  the  two  motors  are  to  be 
connected  in  parallel  throughout,  we  find  that 
in  order  to  drive  the  car  at  the  specified  speed 
with  the  given  resistance  to  motion — the  latter 
being  equivalent  to  a horizontal  pull  of  242  lbs. 
per  motor — the  induction  factor  must  be  96, 
and  the  corresponding  current  30  amperes.* 
If  the  current  from  the  line  is  limited  to  200 
amperes,  the  current  per  motor,  when  the  two 
are  in  parallel  will  be  100  ; assuming  the  fric- 
tional resistance  to  motion  to  remain  the  same 
at  all  speeds,  w’e  shall  have  70  amperes  avail- 
able for  acceleration.  Now  each  motor  has  to 
accelerate  20  tons,  hence  the  acceleration  will 
be  0-41  f.p.s.  per  second.  The  starting  rheostat 
must  have  a resistance  of  4*6  ohms  on  the  first 
step,  and  the  current  of  100  amperes  per  motor 
can  be  held  constant  for  100  seconds.  At  this 
point  the  speed  of  the  car  will  be  41  feet  per 
second,  and  the  distance  travelled  2,075  feet. 

The  form  of  the  acceleration  curve  is 
shown  in  Fig.  16.  The  acceleration  is  con- 
stant up  to  41  f.p.s.,  the  starting  rheostat 
here  all  out,  and  the  full  speed  of  44  f.p.s. 
is  soon  reached.  The  current  curve  is  also 
shown  in  this  figure.  As  soon  as  the  rheo- 
stat is  all  out  the  current  begins  to  diminish 
very  rapidly;  the  current  given  in  the  figure 
is  that  required  for  the  whole  car,  including 
both  the  motors,  so  that  the  current  ab  full 
speed  is  60  amperes. 

If  we  consider  the  car  to  be  “started” 
when  a speed  of  29*5  miles  per  hour,  z.e.,  43 
f.p.s.,  has  been  attained,  we  see  that  this  will 
have  been  accomplished  in  107  seconds  from 
the  moment  at  which  motion  commenced.  By 
finding  the  area  of  the  current  curve  up  to  this 
point,  we  ascertain  that  the  total  consumption 
of  energy  required  to  start  the  car  by  this 
method  of  control  is  753  X 10^  foot-pounds. 

We  now  come  to  the  case  where  the  motors 
are  to  be  connected  throughout  in  series.  In 
comparing  this  case  with  the  first,  we  see  that 
the  tension  at  the  terminals  of  the  motors  is 
now  only  250  volts.  In  order  to  make  up  the 
specified  speed  the  induction  factor  must  be 
much  lower,  the^  calculated  value  being  44. 
The  current  per  motor  is  now  200,  the  full 
current  from  the  line.  The  current  required  to 
overcome  friction  is  64  amperes,  leaving  136 
amperes  for  acceleration  ; the  acceleration  is 
0’37  f.p.s.  per  second,  the  rheostat  is  all  out  in 
91  seconds  and  the  speed  is  then- 33  feet  per 
second.  The  car  will  be  “started”  in  160 

* See  page  55  of  the  Author’s  " Electro  ••  Dynamics.” 
I.ongmans,  Green  and  Co. 


seconds,  and  the  energy  required  to  start  is 
972  X 10^  foot-pounds. 

The  acceleration  and  current  curves  for  this 
method  of  control,  are  shown  in  Fig.  16,  so 
that  the  behaviour  of  the  car  may  be  compared 
with  that  with  the  parallel  m.ethod  of  control. 
The  difference  in  the  form  of  the  current  curves 
is  very  marked,  and  fully  accounts  for  the 
large  increase  in  the  energy  consumption  with 
the  series  method.  The  starting  rheostat  is 
“all  out”  at  a much  lower  speed,  and  the 
motors  take  much  longer  to  attain  the  final 
speed  than  with  the  parallel  method.  The 
final  current  is  also  larger,  being  64  amperes, 
as  compared  with  60  for  the  parallel  method. 
Altogether,  we  see  that  this  method  compares 
badly  with  the  parallel  method  of  control,  as 
far  as  the  question  of  starting  is  concerned, 
and  that  it  is  rather  less  efficient  at  full  speed 
for  equal  ohmic  resistances  in  the  motors. 

In  the  locomotives  on  the  City  and  South 
London  Railway,  the  motors  are  permanently 
connected  in  series.  Diagrams  of  current  and 
acceleration  have  already  been  shown  you  in 
Fig.  15.  Those  of  you  who  wish  to  go  further 
into  this  subject  than  is  possible  in  so  short  a 
course  of  lectures,  would  do  well  to  read  care- 
fully the  paper  giving  a description  of  this 
railway  in  the  “ Proceedings  of  the  Institution 
of  Civil  Engineers,”  vol.  cxii.,  and  also  an 
account  of  the  Liverpool  Overhead  Railway,  in 
vol.  cxvii.  of  the  same  Proceedings.  The 
point  to  which  I invite  you  to  give  the  closest 
attention,  is  the  discussion  that  followed  the 
reading  of  the  papers.  You  will  there  see  that 
the  question  was  raised  as  to  which  were  the 
more  efficient  locomotives,  those  used  on  the 
City  and  South  London  Railway,  or  those  on 
the  Liverpool  Overhead  Railway. 

The  test  of  efficiency  was  held  to  be  the 
horizontal  pull  exerted  by  the  locomotive  for  a 
given  current,  100  amperes,  from  the  line.  This 
was  quite  reasonably  taken  as  a fair  basis  of 
comparison,  since  the  total  horse-power  of  the 
locomotives  was  nearly  the  same  in  the  two 
cases.  When,  however,  the  actual  figures 
were  quoted,  it  appeared  that  one  of  the  Liver- 
pool motors  could  pull  over  two  of  the  South 
London  motors  when  equal  current  was  passing 
in  all  three.  This  was  taken  as  conclusive 
proof  that  the  Liverpool  motors  were  the  best. 
A leading  engineer  told  me  subsequently  that 
he  had  actually  seen  the  experiment  made, 
and  that  it  convinced  him  of  the  superiority  of 
the  Liverpool  motors. 

In  reading  the  report  of  the  discussion,  you 
should  note  the  confusion  of  thought  present 
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in  the  minds  of  many  who  took  part  in  it.  The 
question  at  issue  was  the  efficiency  of  the 
locomotives,  but  the  test  submitted  was  the 
liauling-  strength  of  the  motors.  Now,  the 
Liverpool  locomotives  had  each  two  motors 
designed  to  drive  the  train  at  full  speed  when 
connected  in  parallel,  while  the  South  London 
motors  had  to  drive  the  train  at  full  speed  in 
series.-  From  what  you  have  seen,  you  will  at 
once  recognise  that  the  induction  factor  of  the 


connected  motor  would  give  2-i8  times  the  pull 
of  one  series  connected  motor. 

You  see  then  that  the  pull  exerted  by  each 
motor  is  no  criterion  of  the  efficiency  of  the 
locomotive  as  a whole,  because  with  too 
amp(;res  from  the  line  the  current  per  motor  in 
the  Liverpool  motor  would  be  half  that  in  the 
London  locomotive,  so  that  the  total  pull 
exerted  by  the  locomotive  would  be  nearly  the 
same. 
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Liverpool  motofg  must  be  more  than  twice  that 
of  the  South  London  motors,  so  that  for  equal 
current  per  motor,  one  Liverpool  motor  must 
give  more  than  twice  the  pull  of  one  London 
motor.  The  case  is,  in  fact,  identical  with 
that  which  we  have  just  been  discussing,  for 
you  saw  that  when  all  other  conditions  were 
the  same,  with  the  data  w’e  assumed,  the 
induction  factors  were  96  and  44  respectively, 
so  that  for  equal  current  per  motor  one  parallel 


The  matter  w-as  still  further  complicated  by 
the  fact  that  the  diameter  of  the  driving  wheels 
was  not  the  same  in  the  two  cases,  being 
33  inches  on  the  Liverpool  locomotives,  and 
27  inches  on  those  of  the  South  London  line. 
This  would  give  an  advantage  to  the  latter, 
and  would  oblige  us  to  make  a correction  if  we 
wished  to  obtain  accurate  results  of  the  com- 
parison. 

I must  now'  ask  you  to  follow  me  into  a brief 
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description  of  the  third  method  of  control  that 
we  have  to  consider,  namely,  that  of  the  well- 
known  “series-parallel”  arrangement.  In 
this  method  the  two  motors  are  started  in 
series,  and  subsequently  thrown  over  into 
parallel  connection. 

I shall  take  the  same  data  as  in  the  other 
two  cases.  You  see  that  since  the  car  has  to 
move  at  full  speed  with  the  motors  in  parallel, 
the  induction  factor  must  be  the  same  as  in 
the  first  case,  namely,  96.  But  now  we  have  a 
striking  difference  from  either  of  the  two  cases 
considered  already.  The  induction  factor  is 
the  same  as  in  the  parallel  method,  but  at  the 
moment  of  starting  the  current  is  the  same  as 
in  the  series  method,  namely,  200  amperes  per 
motor.  The  total  torque  is,  therefore,  much 
greater  than  in  either  of  the  other  methods, 
and  the  acceleration  is  as  much  as  I’O  f.p.s. 
per  second,  nearly  three  times  that  with  the 
series  method,  and  more  than  twice  that  with 
the  parallel  method.  This  is  a great  advantage, 
and  if  it  could  be  maintained  it  would  enable 
us  to  effect  an  immense  saving,  both  in  time 
and  energy.  We  can,  however,  maintain  this 
state  of  affairs,  only  so  long  as  we  can  keep 
the  current  constant  at  200  amperes.  We 
shall,  of  course,  have  our  starting  rheostat, 
and  the  resistance  must  be  taken  out  as  the 
motors  speed  up.  Calculation  shows  that  the 
resistance  will  be  all  out  at  the  end  of  15 
seconds,  and  that  the  speed  of  the  car  will 
then  be  only  15  feet  per  second.  The  motors 
must  then  be  switched  over  to  parallel  con- 
nection, with  sufficient  resistance  in  series 
with  each  motor  to  keep  the  current  per  motor 
down  to  100  amperes.  The  car  will  then  speed 
up  as  in  the  parallel  method,  and  will  be 
“ started”  in  87  seconds  with  an  expenditure 
of  605  X 10^  foot-pounds. 

These  results  are  plotted  in  Fig.  16.  This 
method  is  evidently  better  than  either  of  the 
others,  the  gain  being  made  on  the  step  during 
which  the  motors  are  in  series  with  one 
another.  This  step,  however,  lasts  only  for 
15  seconds,  so  that  the  advantage  of  the 
series-parallel  method  of  control  is  limited  by 
the  time  during  which  the  motors  can  be  held 
in  series  connection. 

We  might  have  allowed  the  motors  to  speed 
up  as  much  as  possible  while  connected  in 
series.  The  car  would  then  attain  a uniform 
speed  of  17  miles  an  hour,  and  we  might  throw 
the  motors  over  into  parallel  connection  at  any 
moment.  Fig.  17  gives  the  current  and 
acceleration  curves  that  we  should  get  in 
such  a case.  The  notch  in  the  current  curve 


shows  where  the  motors  are  speeding  up  in 
series. 

There  is  a practical  objection  to  allowing  the 
motors  to  speed  in  series.  The  acceleration  of 
the  car  on  the  parallel  step  is,  as  we  have 
seen,  o'qi  f.p.s.  per  second.  Now,  if  the  car 
is  allowed  to  attain  a uniform  speed  with  the 
motors  in  series,  there  will  be  a sudden  shock 
when  the  motors  are  thrown  over  into  parallel 
connection.  This  shock  may  be  frequently 
observed  when  the  motor  - man  on  a car 
equipped  with  a series-parallel  controller  does 
not  switch  over  to  parallel  at  the  right  moment. 

You  will  readily  see  how  to  find  the  proper 
moment  for  switching  over.  It  must  take 
place  so  that  there  is  no  shock,  i.e.,  so  that  the 
change  in  the  acceleration  is  gradual.  The 
motor  must  therefore  be  allowed  to  speed  up  in 
series  until  the  acceleration  is  the  same  as  that 
on  the  parallel  step ; if  the  motors  are  then 
thrown  over  there  will  be  no  shock.  In  Fig.  17 
if  the  straight  part  of  the  acceleration  curve  on 
the  parallel  step  were  drawn  as  a tangent  to 
the  curved  part  on  the  series  step,  we  should 
obtain  the  same  result. 

I think  it  will  be  obvious  to  you  that  the 
longer  the  motors  are  allowed  to  run  in  series 
the  greater  will  be  the  loss  of  time  involved. 
The  best  results  are  attained  if  the  motors 
are  thrown  over  without  shock  ; in  the  case  we 
are  now  considering  the  car  would  then  be 
started  in  80  seconds,  with  an  expenditure  of 
562  X 10^  foot-pounds. 

Fig.  18  shows  the  distance  travelled  by  the 
car  in  any  given  time  with  the  three  different 
methods  of  control.  For  short  runs  the  series 
parallel  method  enables  us  to  cover  much 
greater  distances  in  a given  time  than  either  of 
the  other  methods ; but  as  the  distance  to  be 
travelled  becomes  greater,  the  proportional 
advantages  of  the  series-parallel  diminishes. 

There  is  one  way  of  connecting  the  series- 
control  that  I have  not  alluded  to.  If,  instead 
of  taking  200  amperes  per  motor  on  the  series 
step  we  had  taken  only  100,  the  current  from 
the  line  would  have  been  halved  during  the 
process,  and  the  current  per  motor  would 
remain  the  same  throughout.  The  acceleration 
would  thus  be  the  same  on  both  steps,  and  the 
distance  covered  in  a given  time  would  be  the 
same  as  with  the  parallel  method.  The  ad- 
vantage of  this  way  of  connecting  up  a series- 
parallel  controller  is  that  there  is  a large 
saving  of  energy  on  the  series  step,  and  the 
motors  have  to  carry  only  half  the  maximum 
current  required  by  the  method  described 
previously.  In  cases  where  the  whole  distance 
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trav^elled  is  very  short,  and  the  brakes  have 
to  be  applied  very  soon  after,  or  even  before, 
full  speed  is  attained,  the  advantages  just 
enumerated  outweigh  the  benefit  gained  by 
passing  twice  as  much  current  through  the 
motors  during  the  series  period. 

The  action  of  the  controller  on  the  City  and 
South  London  line  is  well  illustrated  in  Fig.  15,  j 


which  they  arc  thrown  over  into  paralleb 
More  adcurate  observations  would,  no  doubt, 
show  that  the  curve  during  the  series  con- 
nection was  not  so  straight  as  shown  in  the 
diagram. 

I shall  now  show  you  some  diagrams  which 
will  give  you  a good  idea  of  the  action  of  a car 
during  the  process  of  getting  up  speed  and  the 


Fig.  iS. 


which  I have  already  showei  you.  The  starting 
rheostat  is  held  in  for  nearly  30  seconds.  The 
form  of  the  current  curve  as  the  motors  speed 
up  is  well  shown. 

Fig.  19  gives  the  current  curve  obtained  on 
the  Liverpool  Overhead  Railway.  The  notch 
in  the  curve  represents  the  period  during  which 
the  motors  were  speeding  up  in  series,  after 


way  in  which  that  action  is  modified  by  differ- 
ent methods  of  handling  the  controller. 

The  curves  in  Figs.  20  and  2 i are  the  results 
of  experiments  made  by  my  friend,  Mr.  H. 
Curtiss,  on  the  Ifiilfalo  and  Niagara  Falls 
Electric  Railway.  They  are  1 believe  amongst 
the  best  if  not  quite  the  best  curves  of  the  kind 
ever  obtained.  A full  account  of  the  way  in 
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which  the  experiments  were  made  may  be 
found  by  any  of  you  who  wish  to  look  further 
into  the  matter  in  the  ‘ ‘ Street  Railway  Review  ’ ’ 
for  July,  1896. 

The  cars  used  in  the  experiments  weighed 
13*6  tons,  and  were  36  feet  in  length.  There 
are  four  driving  wheels,  each  equipped  with 
one  G.E.  800  motor;  I have  already  given  you 
the  induction  and  other  curves  of  this  motor. 
The  wheels  are  33  inches  in  diameter,  and  the 
velocity  ratio  4*78.  The  tension  of  the  line  in 
the  experiments  was  550  volts. 

In  both  figures  , the  vertical  ordinates  give 
speed  in  feet  per  second  for  the  acceleration 
curves,  and  total  current  from  the  line  in 
amperes  for  the  current  curves.  Fig.  20  is  the 


and  the  sudden  rise  in  the  acceleration  curve 
after  uniform  speed  has  been  attained  indicates 
the  jerk  to  which  the  whole  car  was  subjected 
when  the  motors  were  thrown  over  to  parallel 
connection.  An  inspection  of  the  curves  will 
show  you  that  this  method  involves  a longer 
time  for  starting  up,  though  the  energy  required 
to  attain  a given  speed  is  rather  less  than  in 
the  first  case.  In  all  these  experiments  the 
track  was  quite  straight  and  level. 

■ In  looking  at  the  curves  which  I have  been 
showing  you,  no  doubt  you  will  have  noticed  that 
most  of  them  indicate  a very  marked  peak  in 
the  current  curve  at  the  moment  when  the  motors 
are  thrown  over  to  parallel.  The  question  may 
have  presented  itself  to  you  whether  it  is  not 


record  of  a test  in  which  the  controller  was 
manipulated  so  as  to  effect  a continuous  start. 
The  acceleration  curve  is  very  even  and  the 
point  at  which  the  motors  are  thrown  over  to 
parallel  can  only  be  detected  from  the  current 
curve.  The  initial  acceleration  was  about  two 
feet  per  second,  the  motors  than  taking  60 
amperes  each.  On  throwing  over  to  parallel 
the  current  from  the  line  was  increased  from 
120  to  200  amperes.  The  starting,  rheostat  is 
all  out  in  eight  seconds,  and  the  final  speed  is 
24  miles  per  hour. 

In  the  experiment  of  which  Fig.  21  is  a re* 
cord,  the  motors  were  allowed  to  speed  up  for 
some  time  in  series.  The  form  of  the  current 
curve  during  this  process  is  very  well  shown, 


possible  to  get  rid  of  this  peak.  For  you  are 
all  of  course  aware  that  it  is  the  peak  in  the 
current  curves  for  the  individual  cars  which  are 
mainly  responsible  for  the  very  irregular  de- 
mand on  the  power  house.  It  will,  therefore, 
be  worth  while  to  consider  any  means  of  getting 
rid  of  these  objectionable  peaks.  Let  us  then, 
for  a few  minutes,  examine  this  matter. 

Let  us  take  the  case  of  a single  car  weighing 
10  tons,  and  find  out  how  the  motion  is  affected 
by  taking  currents  of  different  amounts  when 
the  controller  is  on  the  parallel  step.  1 have 
worked  out  the  results  on  the  assumption 
that  the  car  is  equipped  with  two  G.E.  800 
motors,  and  that  on  the  series  step  the  cur- 
rent per  motor  is  50  amperes^  while  on  the 
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parallel  step  the  current  is  respectively  50,  35,  You  will  notice  that  in  each  of  the  three 
and  25  amperes.  The  results  are  given  in  the  cases  the  current  per  motor  on  the  series  step 


form  of  curves  in  Fig.  22.  The  acceleration 
curves  have  been  worked  out  graphically  from 
the  known  induction  curves  of  the  motors.  • 


is  the  same,  and  that  the  difference  is  only  on 
the  parallel  step.  Of  course  the  car  makes  the 
quickest  start  when  the  current  is  50  amperes 
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per  motor.  But  you  see  that  the  time  required 
to  travel  300  feet  is  only  three  seconds  shorter 
than  that  required  when  the  current  per  motor 
is  35  amperes,  and  is  six  seconds  shorter  than 
when  the  current  is  25  amperes  per  motor. 

The  practical  effect  of  the  different  currents 
is  well  shown  by  the  curve  of  distances.  When 
the  distance  is  greater  than  300  feet,  the 
difference  in  time  between  the  50  and  25 
ampere  arrangement  becomes  constant  and 
equal  to  seven  seconds ; that  is  to  say,  if  the 
distance  travelled  is  great,  the  gain  due  to 
taking  50  amperes  per  motor  instead  of  25  is 
only  seven  seconds.  If  you  look  at  the  current 
curves  you  will  see  how  much  more  even  is  the 
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by  using  roller  bearings,  we  may  start  up  with 
the  same  acceleration  but  with  a greatly 
reduced  current,  or  we  may  start  up  a heavier 
train  with  the  same  current.  On  the  Liverpool 
Overhead  Railway  the  introduction  of  roller 
bearings  enabled  the  engineers  to  add  a third 
car  without  reducing  the  acceleration  or  in- 
creasing the  current  taken  from  the  line. 

I want,  in  conclusion,  to  bring  to  your  notice 
a very  important  example  of  the  application  of 
electricity  to  traction,  and  one  that  has  received 
much  attention  on  account  of  the  magnitude  of 
the  undertaking. 

The  freight  service  through  the  Belt  Line 
tunnel  on  the  Baltimore  and 


25-ampere  curve  than  the  50.  If  the  distance 
travelled  is  400  feet  or  less,  it  may  be  worth 
while  to  gain  the  seven  seconds  at  the  expense 
of  the  peak  in  the  curve  ; but  if  the  distance  is 
800  feet  or  over,  it  would  probably  not  be  worth 
while.  As  a general  rule,  you  will  find  that 
the  current  drawn  from  the  line  on  the  parallel 
step  is  out  of  all  proportion  to  the  gain  in  time. 
I need  hardly  remind  you  that  the  amount  of 
current  to  be  taken  is  determined  simply  by 
the  resistance  in  series  with  the  motors  when 
the  controller  is  thrown  on  to  the  parallel  step. 

We  can  effect  a saving  in  the  current 
required  to  start  by  reducing  the  frictional  and 
other  resistances  opposing  the  motion.  Thus, 


Baltimore,  is  now  carried  on  by  means  of  elec- 
tricity. The  conditions  of  working  are  very 
severe.  Much  of  the  line  is  on  a grade,  and 
the  trains  to  be  hauled  weigh  between  700  and 
800  tons.  An  account  of  the  electrical  equip- 
ment may  be  found  in  a paper  by  L.  H.  Parker  ' 
in  the  Street  Railway  J^ournal  for  March, 
1896. 

The  trains  are  hauled  by  locomotives,  one  of 
which  is  illustrated  in  Fig.  23.  Each  loco- 
motive is  made  up  of  two  trucks,  a detailed 
view^  of  which  is  given  in  Fig.  24.  Each  truck 
is  driven  by  two  motors,  one  on  each  axle. 
The  armatures  are  built  directly  on  the  driving 
axles,  without  the  use  of  gearing. 


r 
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I do  not  propose  to  take  up  your  time  with 
an  account  of  the  way  in  which  all  the  difficult 
problems  connected  with  the  desi^m  of  these 


alluded.  I will,  howev^-r,  bri-  fly  indi  tl 
application  of  the  prinfif>l-  . tha*  w<-  h-r;>  h ; 
discussing  to  this  V'-ry  int-  p stine  . 


I will  take  the  actual  fii^uros  met  with  in 
practice,  and  assume  that  we  have  a tpd^ht 
train,  weighing,  with  the  locomotive.  7S0  tons. 


locomotives  have  been  successfully  met.  Those 
of  you  who  are  anxious  to  know  more  can  find 
all  information  in  the  paper  to  which  I have 
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This  has  to  be  started  on  a grade  of  o*8  per- 
cent., and  hauled  up  the  incline  at  107  miles 
per  hour.  The  frictional  resistance  to  motion 
may  be  taken  at  9 lbs.  horizontal  pull  per  ton 
of  load.  The  tension  of  the  line  is  625  volts. 
The  internal  resistance  of  each  of  the  four 
motors  is  0*0209  ohms,  and  they  are  connected 
permanently  in  series. 

The  draw-bar  pull  per  motor  for  the  grade  is 
3,490  lbs.,  and  for  friction  1,755  lbs.,  making 
altogether  5,245  lbs.  If  we  allow  a mechanical 
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vice  versa.  But  whatever  values  of  M and  d> 
we  employ,  their  ratio  must  be  that  given  by 
this  equation  in  order  that  the  train  may  be 
hauled  up  the  grade  at  the  required  speed. 
Thus,  if  we  adopted  64  inches  as  the  diameter 
of  the  driving  wheel,  we  should  have  to  make 
M equal  to  150.  The  values  actually  used,  are 
M =:  144,  and  d = 62  inches. 

Now,  if  you  were  to  make  a very  simple 
calculation,  with  which  I shall  not  now  trouble 
you,  you  would  find  that  the  current  required 


efficiency  of  95  per  cent.,  you  see  that  each 
motor  must  be  able  to  exert  a total  horizontal 
pull  of  5,500  lbs.  I have  already  told  you  that 
the  speed  when  ascending  the  grade  is  to  be 
10*7  miles  per  hour,  and  that  the  velocity  ratio 
is  unity,  since  the  motors  are  gearless.  With 
these  data,  we  can  at  once  find  the  ratio  of  the 
induction  factor  to  the  diameter  of  the  driving 
wheel  (see  note  on  page  860),  and  obtain  the 
M 

equation  — — 2*33,  that  is  to  say,  if  the 

diameter  of  the  driving  wheel  is  fixed,  then  the 
induction  factor  is  given  by  this  equation,  or 


to  move  the  train  against  the  opposing  forces 
of  friction  and  of  the  grade  is  almost  exactly 
800  amperes  ; but  this  will  only  enable  the  . 
motors  to  move  the  train  when  once  started  ; 
we  shall  have  to  take  very  much  more  current 
in  order  to  start  the  train.  If  we  knew  the*  i 
acceleration  at  with  which  the  train  has  to-  , 
start,  w^e  can  find  .the  corresponding  accele--  il 
rating  current  by  a very  simple  equation,.  ( 
given  on  page  156  of  the  book  to  which  I have*  ! 
already  referred  you.  The  acceleration  actually  ' 
attained  in  practice  is  about  0*5  f.p.s.  per 
second.  To  obtain  this  we  require  an  accelerat-- 
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ing  current  of  i,ooo  amperes,  supposing  the 
induction  factor  to  remain  the  same  at  the  start 
as  at  full  speed.  Now  the  induction  factor 
actually  increases  slightly  with  the  current, 

; owing  to  the  use  of  series  winding  for  the  mag- 
I nets.  I must  however  defer  consideration  of 
I the  influence  of  this  change  in  the  induction 
factor  on  the  conditions  of  starting,  and  assume 
' that  it  remains  constant.  Under  these  circum- 
stances we  should  require  a total  current  of 
' 1,800  amperes  at  the  moment  of  starting. 

I can  now  show  you,  in  Fig.  25,  the  current 
curve  actually  obtained  in  starting  a train 
weighing  780  tons  on  the  grade.  You  see  that 
the  total  current  rises  gradually  to  very  nearly 
1,800  amperes  ; this  gradual  rise  is  necessary 
on  account  of  the  need  of  avoiding  sudden 
shocks  to  the  equipment.  You  see  also  that 
when  full  speed  has  been  attained,  which  is  in 
about  60  seconds  from  the  moment  of  first  con- 
necting to  the  line,  the  current  has  fallen  to 
800  amperes,  and  the  speed  is  107  miles  per 
hour.  In  examining  this  diagram  you  must 
bear  in  mind  that  the  current  must  rise  to  800 
amperes  before  the  train  can  begin  to  move,  so 
that  the  moment  at  which  motion  commences 
is  not  where  the  current  is  nothing,  but  where 
it  has  this  value,  z.e.,  about  eight  seconds  from 
first  connecting  to  the  line. 


Miscellaneous. 

♦ 

^‘FACTITIOUS  AIRST* 

In  1798,  just  100  years  ago.  Dr.  Thomas  Beddoes, 
aided,  financially,  by  his  father-in-law,  Wedgwood, 
established  in  this  city  of  Bristol  the  Pneumatic  In- 
stitution, ha^^ng  for  its  object  the  treatment  of  con- 
sumption— and,  it  is  believed,  of  other  diseases — by 
the  inhalation  of  various  gases,  then  called  “factitious 
airs.” 

It  would  appear  that  this  mode  of  cure  had  been 
practised,  more  or  less,  for  some  years  previously. 

The  excuses  for  adverting  on  this  occasion  to  this 
institution  before  Section  G are  that  we  are  now 
meeting  after  an  interval  of  100  years,  in  this  very 
city  of  Bristol ; also,  and  principally,  that  the  matter 
was  very  warmly  taken  up  by  James  Watt.  It  is 
probable  that  this  warm  interest  was  largely  due  to 
the  fact  of  the  delicate  health  and  the  consumptive 
tendency  of  James  Watt’s  son,  Gregory,  who  died  of 
that  disease  in  1804,  after  having  given  evidence  of 

• Paper  read  before  Section  G (Mechanical  Science)  of 
the  British  Association,  at  the  meeting  at  Bristol,  gth  Sep- 
tember, 1898,  by  Sir  Frederick  Bramwell,  Bart.,  F.R.S. 


rare  ability  as  an  experimental  philosopher,  notably 
by  his  investigation  into  the  structure  of  basalt, 
the  details  of  which  arc  published  in  the  “ Phil. 
Trans.” 

Through  the  kinrlncss  of  Mr.  George  'I'angvc,  of 
Soho,  I have  had  the  opportunity  of  j)erusing  many 
of  the  letters  of  the  Watt  family,  and,  indeed,  many 
of  those  of  the  Jioulton  and  Watt  partnership.  In  a 
letter  of  the  2nd  .Scj)tember,  1795,  J-'^uies  Watt, 
writing  from  Manchester  to  his  son  Jam'--^,  at  Soho, 
says: — “The  i)neumatic  medicine  make-  no  progres-i 
at  Manchester.  Dr.  Percival  evidently  floes  not 
understand  the  physiology  of  it,  and  Dr.  Perrier 
because  he  did  not  immediately  succecfl  in  a ca.sc  of 
peripneumony  with  the  H.C.  (hydro-carbonate ■ con- 
demns the  whole.  Mr.  Henry  says  that  at  the 
infirmary  they  make  a bungling  hand  of  the  pre- 
paration of  the  airs,  leaving  that  to  a parcel  of 
ignorant  boys.” 

In  1796  the  pamphlet,  of  which  a cojn’  is  profluccfl, 
was  published  by  James  Watt.  It  has  for  the  title, 
“ Supplement  to  the  Description  of  a Pneumatic 
Apparatus  for  preparing  Factitious  Airs,  containing 
a Description  of  a Simplified  Aj)paratus  and  of  a 
Portable  Apparatus,”  by  James  Watt,  engineer. 

It  appears  that  Boulton  and  Watt  manufactured 
these  gas  producers.  At  page  26  of  the  pamphlet  is 
the  price  list ; the  cost  of  each  set  of  apparatus,  with 
accessories,  varying  from  2s.  6d.  for  the  largest 
size,  with  an  18-inch  furnace,  to  los.  9d.  for  the 
13-inch  furnace,  and  to  h 15s.  for  the  portable 
apparatus. 

It  would  appear  that  the  original,  to  which  the 
present  is  a supplement,  is  to  be  found  in  Dr.  Beddoes’ 
“ Considerations  on  the  IMedical  use  of  Factitious 
Airs;”  and  it  is  to  be  gathered  that  the  “airs” 
next  mentioned  were  to  be  made  and  used,  viz., 
oxygene  air,  inflammable  airs  from  charcoal  and  from 
iron,  zincic  inflammable  air,  and  fixed  air  from  chalk  ; 
but  of  these,  the  two  great  “ airs  ” relied  on  were 
oxygen  and  hydro-carbonate.  The  oxygen  was  to  be 
made  from  manganese,  preferably  that  from  Exeter, 
and  does  not  need  any  comment ; but  the  so-called 
hydro-carbonate,  and  the  effects  produced  by  it,  do 
demand  some  attention. 

The  diagram  shown  is  reproduced  from  Watt’s 
pamphlet,  slightly  modified  so  as  to  show  the 
arrangements  for  the  production  of  the  “hydro- 
carbonate.” A is  the  furnace,  b the  fire-tube,  shown 
enlarged  at  C,  and  in  cross-section  at  D,  e is  the 
arrangement  for  regulating  the  admission  of  water  to 
the  tube.  F is  a connecting  pipe,  leading  to  the  gas- 
holder G. 

To  prepare  hydro-carbonate  air,  “ fill  both  cylinders 
of  the  fire-tube  with  small  bits  of  charcoal,  none  of 
them  exceeding  a quarter  of  an  inch  cube,  insert  the 
water  pipe  into  the  mouth  of  one  of  the  cylinders, 
and  the  end  piece  of  the  conducting  pipe  into  the 

mouth  of  the  other When  the  fire-tube  has 

become  perfectly  red-hot,  admit  water  by  the  water 
pipe,  pretty  freely,  in  order  to  expel  any  noxious 
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matter  contained  in  the  charcoal,  and  suffer  any  air 
which  is  thus  produced  to  escape.  When  this  part  of 
the  operation  has  been  continued  for  five  or  ten 
minutes,  restrain  the  water  and  bring  the  airholder  into 
its  place.  With  a proper  degree  of  heat  and  due 
exhibition  of  water  a three-gallon  airholder  may  be 
filled  in  half  an  hour  without  any  steam  passing  into 
the  conducting  pipe,  which  is  known  by  the  tin  parts 
not  becoming  hot.” 

It  appears  that,  originally,  the  hydro-carbonate 
was  supposed  not  to  be  of  the  best  quality, 
and  not  to  be  acting  properly  if  the  unhappy 
inhaler  were  not  seized  with  vertigo.  “A  query 
then  arose,  whether  it  had  the  power  of  causing 
vertigo : a stout  man  inhaled  a quart  of  it,  mixed 
with  twenty-two  quarts  of  common  air,  without  being 
in  any  ways  affected  by  it,  which  would  not  have 
been  the  case  if  it  had  been  prepared  as  usual. 
It  would  then  seem  that  the  vertigo  is  owing  to  the 
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proper,  especially  in  the  use  of  hydro-carbonate,  fot| 
the  patient  to  rest  a little  at  every  five  or  six  inhala-, 
tions,  to  observe  whether  any  vertigo  takes  place,  and| 
even  in  using  oxygene,  an  unexperienced  ])atient| 
should  rest  to  avoid  fatiguing  the  lungs,  which  ol] 
itself  may  cause  some  giddiness. 

“ The  hydrocarbonate  having  powerful  effects  in’ 
causing  vertigo,  ought  always  to  be  administered 
cautiously.  Where  there  is  much  debility,  it  niayi 
be  prudent  to  begin  with  half  a pint  of  this  air, 
diluted  with  10  to  20  pints  of  common  air,  to  be| 
increased  in  the  subsequent  doses  till  each  dose  shall 
cause  some  vertigo,  II 9w  far  the  latter  effect  should; 
be  pushed  must  depend  upon  the  situation  of  the 
patient  and  the  nature  of  the  disease.” 

On  February  the  9th,  1797,  Gregory  Watt,  then 
at  Penzance,  wrote  to  his  father  a letter  in  which  the 
following  occurs  : — 

“We  have  now  had  five  fine  days  in  succession,  a 


admixture  of  sulphurated  hydrogene,  which  its  usual 
smell  indicates  this  air  to  contain.  If  this  should 
prove  to  be  the  fact  and  any  part  of  its  curative 
powers  depends  upon  its  producing  vertigo,  that 
effect  may  be  secured  or  augmented  by  mixing  the 
borings  or  turnings  of  cast  iron  with  the  charcoal,  or 
perhaps  still  better  by  the  admixture  of  plumbago  or 
black  lead  in  powder.  If,  upon  the  contrary,  the 
vertigo  does  not  contribute  to  the  cure  the  medicine 
will  prove  more  pleasant  to  the  patient. 

“ In  the  preparation  of  hydro-carbonate  air  no  water 
should  be  admitted  until  the  fire-tube  has  been  for 
some  time  red-hot.  It  is  also  found  preferable  to 
reduce  the  charcoal  to  small  bits  or  to  a coarse 
])owder ; and  in  the  portable  apparatus,  to  change 
the  charcoal,  putting  in  fresh  at  every  operation, 
otherwise  air  will  be  produced  which  has  not  the 
power  of  causing  vertigo. 

“ It  should  be  recommended  to  patients  not  to 
hurry  themselves,  to  inhale  gently,  and  to  retain  the 
air  a little  in  the  lungs  before  they  expel  it.  It  is  also 


thing  almost  unparalleled  in  the  annals  of  Penzance. 
They  have  been  warm  and  brilliant,  and  have  revived 
everybody  except  a poor  gentleman,  brother  in  law  to 
John  Gould.  His  name  is  Nutcombe,  he  is  dying  of 
a consumjfiion,  and  would  not  consult  Dr,  Beddoes 
because  the  Dr.  is  a democrat I have  pro- 

cured fi'om  Dr.  Luxmore  the  statement  of  a case  of 
pneumonia  which  has  been  termined  favourably  by 
hydro-carbonate  but  must,  from  want  of  room,  delay 
this  and  a statement  of  the  weather  for  till  I write 
again.” 

Dr.  Beddoes  died  in  1808,  but  before  his  death  the 
pneumatic  treatment  was  abandoned,  and  patients 
were  dealt  with  according  to  ordinary  medical  practice. 

One  very  interesting  fact  in  connection  with  Gregory 
Watt  and  the  Beddoes  Institute  must  be  mentioned, 
although  it  is  probably  known  to  many  now  present, 
and,  moreover,  was  alluded  to  yesterday  by  the  presi- 
dent of  Section  A,  in  his  address,  namely,  Gregory 
AVatt,  when  sent  to  Penzance  for  his  health,  lodged 
in  the  house  of  Mrs.  Davy,  became  intimate  with  her  son. 
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Humphrey,  then  a chemist’s  apprentice.  Gregory 
Watt  was  much  interested  in  young  Davy,  and  when 
Dr.  Beddoes  started  his  Pneumatic  Institute,  Gregory 
recommended  Davy  as  the  superintendent.  It  was 
here  that  nitrous  oxide  was  discovered,  and  it  was 
from  here  that  Davy  went,  in  1801,  to  become  the 
assistant-lecturer  at  the  Royal  Institution. 


THE  ECONOMIC  CONDITION  OF  CHILE. 

Chile  has  a lengtli  of  2,270  miles,  and  a width 
varying  from  40  to  200  miles,  and  Pedro  de  Valdivia, 
who  led  the  second  Spanish  expedition  against  the 
country,  likened  it  to  the  blade  of  the  sword,  because 
of  its  great  length  and  narrowness.  Its  area  is 
293,970  square  miles,  and,  according  to  the  census  of 
1895,  the  population  was  stated  at  2,712,145  or  9-2 
inhabitants  per  square  mile.  The  population  now 
probably  exceeds  3,200,000,  and  of  this  number 
1,500,000  are  engaged  in  agriculture,  producing 
annually  about  28,500,000  bushels  of  wheat,  and 
9,000,000  bushels  of  other  cereals,  besides  vegetables, 
fruits,  &c.  It  is  stated  upon  good  authority  that 
more  than  500,000  head  of  cattle,  and  2,000,000 
sheep,  goats,  8i:c.,  are  raised  in  the  country  each  year. 
The  mineral  products,  in  the  way  of  copper,  silver, 
gold,  coal,  manganese,  &c.,  are  extensive.  Chile’s 
nitrate  fields  cover  an  area  of  about  220,356  acres, 
estimated  to  contain  2,316,000,000  metric  quintals 
(228,000,000  tons)  of  the  nitrate  of  commerce.  The 
total  product  from  these  fields  in  1896  is  stated,  in  a 
recent  report  by  the  Bureau  of  American  Republics, 
to  have  been  1,092,000  tons.  An  idea  of  the  industrial 
development  of  Chile  may  be  gained  from  the  fact  that 
in  1 895,  in  the  Department  of  Valparaiso, with  a popula- 
tion of  less  than  200,000,  there  were  417  industrial 
establishments  which  during  the  year  employed  12,616 
operatives,  with  162  steam-engines,  having  a total  of 
1,766  horse-power.  Among  these  establishments 
were  gas  works,  breweries,  sugar  refineries,  carriage 
and  waggon  works,  sawmills,  mineral  and  aerated 
water  factories,  &:c.  Tanneries  form  a flourishing 
branch  of  the  manufacturing  industry.  Chile  was  the 
first  country  in  South  America  to  construct  railroads. 
At  the  beginning  of  1896,  the  total  length  of  rail- 
ways in  the  Republic  was  2,080  miles,  and  of  these 
838  miles  were  owned  and  worked  by  the  State. 
Private  corporations  owned  and  operated  1,242  miles 
represented  by  15  different  lines.  The  leading  line  is 
the  Grand  Central,  belonging  to  the  .State,  which  is 
composed  of  three  divisions  — from  Valparaiso  to 
.Santiago,  and  thence  to  Melipilla  ; from  Santiago  to 
Talca,  from  San  Fernando  to  Alcones,  and  from 
I’elequen  to  Peumo  ; from  Talca  to  Talcahuano,  San 
Rosendo  to  Traiguen,  Santa  Fe  to  Los  Angeles,  and 
Robleria,  to  Victoria  a total  of  766  miles.  Work  on 
the  Transandine  Railway  is  now  being  vigorously 
proceeded  with.  There  are  25,000  miles  of  public 
roads  and  2,875  of  waterway  in  the  country. 

At  the  end. of  1895  length  of  the  Stute  telegraph 


lines  was  6,965  miles,  with  8,330  miles  of  wire. 
Chile’s  merchant  navy  consisted  in  1896  of  188 
vessels,  with  a tonnage  of  105,642  ton«.  Forty-two 
of  these  vessels  were  steimer-..  Fnglish,  fierman, 
and  hrench  lines  of  steamships  ply  regularly  l>etwe*  n 
the  coasts  of  Chile  and  Furope  through  the  Straits  of 
Magellan,  and  constant  and  fiirect  communicatirm  is 
maintained  by  Chilean  and  foreign  steamship  lin«  ■> 
along  the  coast  as  far  as  Panama,  there  connecting 
with  steamers  for  the  Atlantic,  l^icific,  and  Gulf 
jiorts  of  the  United  States  and  for  Kurope.  Chi’e 
imports  the  bulk  of  the  manufactured  gfXKl  she 
consumes,  but  the  Government  offer-  inducements  f-  r 
the  establishment  of  new  indu^^trie-,  anrl  i anxious  to 
promote  manufactures.  The  fiovemment  recently 
apjiropriated  100,000  to  foster  iron  and  steel  enter- 
jirises,  it  having  been  demonstrated  that  a high  grade 
of  iron  ore  exists  in  abundance  in  the  country-.  In 
1896,  the  latest  year  for  which  the  figures  are  avail- 
able, the  value  of  the  imports  into  Chile  amounted  to 
5,434,000,  and  the  exports  to  15, 49 1,000. 


Correspondence. 

♦ 

DETERIORATION  OF  RARER. 

In  Appendix  II.  (Precis  of  Correspondence*  to  the 
Report  of  the  Committee  of  the  Society  of  Arts  on 
the  Deterioration  of  Paper  (p.  .^2),  there  is  the 
following  abstract  of  a letter  of  Mr.  J.  W.  North, 
A.R.A.,  Chairman  of  the  O.W.  Paper  and  Arts 
Company,  Ltd. Points  out  the  Nital  imjx>rtance 
of  this  subject  to  artists,  and  sends  samples  of  papers 
absolutely  guaranteed  by  the  O.W.  Paper  and  Arts 
Company,  Ltd.  This  paper  is  also  suitable  for  l>ooks.'’ 
Mr.  North  considers  this  abstract  is  misleading,  and 
writes,  “The  inception  of  the  O.W.  Paper  and  Arts 
Co.  dates  back  more  than  25  years  (see  ‘ Life  and 
Letters  of  F.  Walker,  A.R.A.’  Macmillan  and  Co.:, 
the  basis  being  the  necessity  for  securing  the  gornl 
quality  of  paper  by  means  of  a guarantee  to  be  given 
by  a body  whose  interest  in  the  absolutely  pure  and 
reliable  character  of  paper  would  be  unquestionable. 
Such  a body  exists  in  the  Royal  Society  of  Painters 
in  Water  Colours,  as  representing  workers  in  water 
colours,  who  have  more  to  lose  by  the  inferior 
character  of  pajiers  than  any  other  in«li\iduab. 
The  R.W.  Society,  who  obtain  the  highest  scien- 
tific aid,  submit  the  O.W.  jiaper  intcmled  to  Ixj 
painted  upon  to  careful  examination  .and  analysis, 
and  having  been  satisfied  by  the  re{x>rt  of  their 
analyst,  then,  as  a guarantee  of  purity,  impros  their 
stamp  (over  which  they  have  complete  control*  cn 
O.W.  water-marked  papers  intended  for  printing  upor. 

“The  guarantee  is  not.  as  suggested,  simply  tint 
of  the  O.W.  I’aper  and  Arts  Co.,  but  of  an  entire'y 
independent  society. 

“ The  guarantee  of  the  O.W.  Paper  and  Arts  Co. 
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extends  to  this,  that  all  other  O.W.  Co.  waterproofed 
papers  are  guaranteed  as  being  made  of  the  same 
material  as  those  stamped  by  the  Royal  Society  of 
Painters  in  Water  Colours.  It  will  be  seen,  there- 
fore, that  not  only  does  the  O.W.  Paper  and  Arts  Co. 
supply  a pure  and  reliable  linen  rag  paper,  but  that 
this  paper  is  guaranteed  by  a competent  and  inde- 
pendent society;  and  that  the  admirable  suggestion 
as  to  a guaranteed  pure  rag  paper  contained  in  Mr. 
James  G.  Flowerdew  Lowson’s  letter  on  page  40  of 
the  report,  has  been  anticipated.” 


Notes  on  Books. 

— ♦ 

The  Angora  Goat.  By  S.  C.  Cronwright 

Schreiner.  . London : Longmans,  Green,  and  Co. 

1898.  ■ 

This  book,  which  is  published  under  the  auspices 
of  the  South  African  Angora  Goat  Breeders’  Asso- 
ciation, gives  a full  and  interesting  account  of  the 
introduction  of  the  animal  into  South  Africa.  The 
story  is  rather  a curious  one.  As  far  back  as  1725  an 
effort  was  made  to  establish  Cashmere  goats  in  the 
Cape  Colony,  but  this  and  some  later  attempts  were 
hot  successful.  In  1838  an  attempt  to  introduce  the 
long-haired  Angora  goat  into  the  Cape  was  made  by 
Colonel  Henderson,  who  imported,  at  considerable 
expense,  twelve  rams  and  one  ewe.  The  twelve  rams, 
however,  appear  to  have  been  castrated  before  they 
left  Turkey,  and  the  experiment  would  have  failed, 
but  that  fortunately  a ram  kid  was  born  to  the  ewe, 
and  by  crossing  this  ram  with  Boer  goats,  a valuable 
breed  of  animals  was  produced.  Later  on  larger 
importations  of  the  Angora  were  made,  and  the  result 
was  to  breed  up  a large  number  of  wool-bearing 
goats,  and  to  establish  what  is  now  a very  important 
industry.  A short  paper  by  the  same  author  on  the 
“ Ostrich”  is  also  included  in  the  work. 

A Pocket  Dictionary  of  Hygiene.  By  C.  T. 

Kingzett  and  D.  Homfray.  London : Bailliere, 

Tindall,  and  Cox.  1898. 

The  object  of  this  little  book  is  to  provide  in  a 
condensed  and  convenient  fonn,  information  likely  to 
be  useful  to  medical  and  sanitary  officers  in  con- 
nection with  their  work.  The  infonnation  is  of  a 
veiy  varied  character.  Such  headings  as  “ Water,” 
“ Drains,”  “ Duties  of  sanitary  inspectors,”  “ Sanitary 
statutes,”  and  “Disinfection”  are  treated  at  some 
length,  while  summarised  information  is  provided 
about  diseases,  and  about  appliances  and  materials 
likely  to  be  employed  in  connection  with  sanitary  work. 
It  may  be  remarked  that  rather  undue  stress  is  laid 
on  the  merits  of  one  particular  and  well  - known 
disinfectant.  It  looks  as  if  one  of  the  main  objects 
of  the  book  were  to  bring  this  material  into  notice. 


General  Notes. 


Coal  in  Kent. — At  the  recent  meeting  of  the 
British  Association  at  Bristol,  Mr.  R.  Etheridge 
read  a paper  (before  the  Geological  Section)  on  the 
“Relation  and  Extension  of  the  Franco-Belgian 
Coalfield  to  those  of  Kent  and  Somerset.”  He 
showed  by  frequent  references  to  diagrams  that  the 
coalfields  of  Belgium  and  North  France  occupied  an 
extended  and  sinuous  line  from  east  to  west,  ranging 
through  about  150  miles  in  that  line.  There  was 
little  doubt,  he  thought,  that  the  Belgian  coalfields 
extended  westwards  to  Valenciennes,  Conde,  and 
Bethume,  and  on  to  Calais,  thence  under  the  Straits 
of  Dover  to  the  now  determined  coalfields  of  south- 
eastern Kent.  Borings  were  being  made  at  Pluckley, 
west  of  Brabourne,  and  Penshurst,  the  latter  being 
25  miles  west  of  Dover,  and  some  1,700  feet  deep. 
The  Brabourne  trial  had  passed  through  1,875 
sedimentary  rocks  ranging  from  the  Gault  to  the 
Lower  Lias  inclusive,  and  the  bore-hole  had  passed 
into  the  red  conglomerate  of  probably  old  red  sand- 
stone,  but  in  all  probability  the  depth  would  be 
increased.  The  Dover  bore-hole  reached  the  depth 
of  2,225  feet,  having  proved  eight  seams  of  coal,  the 
lowest  being  4 feet  thick.  This  was  thicker  than 
any  known  seam  in  the  Belgian  coalfield. 

South  Kensington  Museum.  — Through  the 
generosity  of  Colonel  F.  R.  Waldo  Sibthorp,  the 
South  Kensington  Museum  has  lately  become  pos- 
sessed of  a large  collection  of  silversmiths’  work, 
chiefly  Geraian,  ranging  in  date  from  the  i6th  cen- 
tury to  the  present  time.  These  specimens  are  very 
varied  in  form,  and  include  tankards,  flagons,  beakers, 
and  salvers,  decorated  in  repousse,  and  by  engraving 
with  flowers,  scrollwork,  and  figure  subjects  ; there  is 
also  a considerable  collection  of  spoons.  Among  the 
pieces  of  historical  interest  is  a standing  cup  and 
cover  sunnounted  by  a bust  of  Gustavus  Adolphus, 
King  of  Sweden,  and  with  an  inscription  in  his 
honour.  There  are  a number  of  specimens  of  the 
work  of  English  silversmiths,  the  most  important 
being  two  communion  cups  of  Queen  Elizabeth’s 
reign,  one  of  which  retains  its  paten-cover.  The 
series  of  English  spoons  covers  a considerable  period 
of  time ; they  are  interesting  on  account  of  the  Hall- 
marks, the  decorations  of  the  handles,  and  the  shapes 
of  the  bowls.  The  handles  of  some  terminate  in 
figures  of  Apostles,  others  are  seal-topped,  whilst 
others  are  of  the  plain  “ sleppe  endyd  ” fonn.  A set 
of  tea-spoons  in  the  shape  of  shells  with  dolphin 
handles  fonnerly  belonged  to  Lord  Nelson.  Colonel 
Sibthorp  has  included  in  his  gift  a small  collection  of 
snuff-boxes  of  the  last  century,  two  of  which  are 
specially  deserring  of  notice ; the  first  is  of  tinted 
gold  set  with  diamonds  and  other  jewels,  the  second 
is  of  enamel,  and  has  inside  the  lid  a portrait  of 
Peter  the  Great,  painted  by  Crod'iwif  zky. 
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the  Secretary,  fohn-sireet,  Adelphi,  London,  W.C. 


Notices. 


EXAMINATIONS,  1899. 

The  dates  fixed  for  the  Society’s  Examinations 
in  1899  are  Monday,  March  13th,  Tuesday, 
14th,  Wednesday,  15th,  and  Thursday,  i6th. 

The  Programme  of  Examinations  is  now 
ready.  Copies  of  the  Programme,  with  full 
details,  and  an  Appendix  containing  last 
year’s  questions  and  reports  by  the  Examiners, 
can  be  had,  price  3d.,  post  free,  on  application 
to  the  Secretary,  Sir  Henry  Trueman  Wood, 
Society  of  Arts,  Adelphi,  W.C. 


Proceedings  of  the  Society. 

— 4 

CANTOR  LECTURES. 
ELECTRIC  TRACTION. 

By  Prof.  Charles  A.  Carus  - Wilson. 

M.A.,  M.Inst.E.E, 

Lecture  LV. — Delivered  May  23,  1898. 

At  the  commencement  of  this  course  of  lec- 
tures I reminded  you  that  it  would  be  impossible 
in  so  short  a time  as  we  have  at  our  disposal 
to  cover  any  but  a small  part  of  the  wide  field 
of  electric  traction,  so  I propose  to-night  to 
take  up  one  of  the  many  questions  that  might 
engage  our  attention,  and  to  confine  my 
remarks  entirely  to  the  discussion  of  a problem 
that  has  already  presented  itself  for  solution  to 
electrical  engineers. 

A good  illustration  of  this  problem  is  to  be 
found  in  the  new  Central  London  Railway. 
Heavy  trains  have  to  be  started  from  rest  and 
moved  through  comparatively  short  distances 
in  correspondingly  short  times,  hull  speed  is 
rarely,  if  ever,  reached.  The  whole  process 
consists  of  getting  up  speed  and  then  putting 
on  the  brakes. 

In  the  case  of  the  particular  railway  that  I 
have  quoted,  the  trains  weigh  about  150  tons, 


and  have  to  cover  an  average  distance,  from 
station  to  station,  of  rather  less  than  half  a 
mile,  in  a time,  including  stops  at  the  station, 
of  about  115  seconds. 

You  will  at  once  see  that  this  is  an  entir*-ly 
new  problem.  'I’he  old  methods  by  whi<  h w*,* 
designed  a motor  to  run  at  a uniform  - 
will  be  of  no  service  to  us  here.  The  rpie  .tion 
turns  entirely  upon  the  action  of  the  motor 
during  the  period  of  acceleration.  Sine^-  th  * 
speed  is  continually  varying,  it  will  be  e.f  ne. 
use  to  define  the  horse-power  of  the  motors,  as 
may  be  done  when  the  speed  is  uniform.  We 
have  to  design  an  equipment  that  will  start  the 
train  from  rest,  and  carry  it  through  the  giv-'-n 
distance  in  the  given  time.  J propose  thf=n  to 
direct  your  attention  this  evening  to  some  prin- 
ciples which  should  guide  us  in  designing 
motors  to  fulfil  these  peculiar  conditions. 

And  first  let  me  state  briefly  the  problem  and 
the  data  that  we  have  given  to  us.  We  have 
W,  the  weight  of  the  train  in  tons ; this  has  to  be 
moved  through  a distance  of  H feet  in  t seconds 
from  start  to  stop.  We  know  the  resistance  to 
motion,  including  track  and  gear  friction  ; w'* 
have  the  tension  of  the  line  in  volts,  and  tlv 
internal  drop  in  the  motors  at  full  speed. 

I should  like  to  make  it  clear  to  you  that  w<- 
have  not  simply  got  to  design  the  motor  or 
motors— that  is  only  one  part  of  our  problem  ; 
we  have  to  design  a complete  equipment.  Let 
me  explain  what  I mean  by  that  term.  I mean 
that  the  subject  of  our  consideration  is  the 
complete  apparatus  upon  which  the  motion  of 
the  train  depends.  You  will  see  at  once  that 
the  motion  of  the  train  depends  quite  as  much 
on  the  diameter  of  the  driving-wheel,  for 
instance,  as  upon  the  speed  of  the  motor.  It 
also  depends  equally  upon  the  ratio  of  the 
gearing.  I hope  that  before  the  end  of  the 
lecture  I may  have  shown  you  that  these  three 
quantities  are  all  possible  variants,  so  to  speak, 
in  our  problem,  and  that  successful  design 
depends  upon  the  proper  choice  of  all  three. 

I prefer  then  to  speak  of  the  design  of  an 
equipment,  including  in  that  expression  (i)  the 
motor  itself.  (2)  the  driving-wheel,  and  (3)  the 
gearing.  We  are,  or  should  be.  at  liberty  to 
adjust  all  these  in  order  to  get  the  best  results. 
Unfortunately  it  is  very  often  the  case  that 
certain  restrictions  are  imposed  upon  the  de- 
signer by  those  who  are  in  ignorance  of  the 
real  elements  of  successful  design,  and  \\ho 
think  that  the  question  of  the  design  of  the 
motors  is  quite  the  last  thing  to  be  considered. 

For  instance,  there  may  be  some  latent  pre- 
judice against  the  use  of  gearing,  and  this 
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may  be  prescribed  in  the  specification  ; this 
may  so  curtail  the  powers  of  the  designer  that 
motors  may  have  to  be  installed  resulting  in  a 
permanent  loss  of  lo  or  even  20  per  cent,  of 
energy.  Again,  in  the  case  of  tunnels,  the 
head-room  may  be  so  restricted  that  it  may  be 
impossible  to  use  driving  wheels  of  the  right 
diameter.  When  the  engineers  were  deciding 
upon  the  size  of  the  tunnels,  they  probably 
never  thought  for  a moment  that  the  economy 
of  running  might  depend  upon  the  available 
head-room. 

In  the  preceding  lectures  I have  used  d to 
denote  the  diameter  of  the  driving  wheels,  v 
the  velocity  ratio,  and  M the  induction  factor 
of  the  motor.  I shall  adhere  to  these  symbols 
throughout.  We  may  now  consider  ourselves 
at  liberty  to  adopt  any  value  for  any  of  these 
quantities,  our  aim  being  to  comply  with  the 
specification  as  to  time  and  distance  in  the 
best  possible  manner. 

And  here  I must  answer  a question  that 
will  occur  to  you  when  I use  the  expression, 
‘‘  the  best  possible  manner.”  What  do  I mean 
by  this  ? What  is  to  be  our  standard  of  excel- 
lence of  design  ? In  designing  a motor  for 
ordinary  work  we  look  to  the  efficiency,  and 
specify  that  the  motor  shall  run  with  a given 
load  at  such  an  efficiency.  In  the  problem 
before  us  such  a statement  would  be  meaning- 
less, since  the  motors  rarely,  if  ever,  attain 
their  full  speed,  and  for  most  of  the  time  are 
accelerating  and,  consequently,  running  with 
an  efficiency  that  may  be  anything  down  to 
zero  at  the  moment  when  motion  commences. 
Hence  to  specify  that  the  motors  must  give 
such  a horse-power  at  such  a speed  with  such 
an  efficiency,  though  it  may  secure  that  effi- 
ciency at  that  speed,  leaves  the  much  larger 
question  of  the  economy  of  the  whole  perform- 
ance entirely  vague. 

The  best  way  to  state  the  efficiency  question 
in  such  a case  as  this  is  to  say  that  the  whole 
performance,  from  start  to  stop,  requires  so 
much  energy.  This  may  be  conveniently  put 
in  the  form  of  so  many  foot-pounds  or  watts- 
hours  of  energy  per  ton-mile.  Of  course  this 
leaves  out  of  account  altogether  the  efficiency 
at  any  particular  speed,  but  it  states  the  really 
important  thing  for  us  to  know.  It  is  of  no  use 
specifying  a high  efficiency  at  a certain  speed, 
when  the  economy  of  running  may  be  anything 
from  80  to  160  watt-hours  per  ton-mile. 

But  there  is  another  aspect  of  the  question 
which  you  must  not  overlook,  which  is  that  to 
specify  beforehand  the  horse-power  and  speed 
of  the  motors,  as  in  tfie  cqse  of  q line  where 


uniform  speed  is  the  rule  and  not  the  exception, 
is  to  impose  most  serious  limitations  on  the 
designer,  and  to  oblige  him  to  adopt  a design  ’ 
that  may  be  20  or  30  per  cent,  less  economical 
than  would  be  possible  without  such  restric- 
tions. In  discussing  our  problem  then,  I shall 
assume  that  we  are  quite  free  from  all  require- 
ments as  to  horse-power  and  speed,  and  that 
we  are  at  liberty  to  select  those  values  of  M,  v, 
and  d,  that  give  us  the  best  results  when  ex- 
pressed in  terms  of  watt-hours  per  ton-mile. 

Let  us  now  take  each  of  these  three  quan- 
tities and  see  how  far  they  influence  the  final 
speed  of  the  train  or  car  when  uniform  speed 
has  been  attained.  If  we  denote  by  x the 
speed  of  the  car  in  feet  per  second,  we  see  that 
if  M and  v are  constant,  will  increase  with  d, 
t.e.,  the  speed  will  increase  with  the  diameter 
of  the  driving  wheel.  So  that  if  the  whole  of 
the  rest  of  the  equipment  is  unaltered,  an 
increase  in  the  diameter  of  the  driving  wheel 
will  mean  an  increase  in  the  final  speed.  On 
the  other  hand,  it  is  obvious  that  if  d is  kept 
constant,  the  final  speed  will  diminish  as  M is 
increased,  and  will  also  diminish  as  v is  in- 
creased. Hence  we  can  say  that  varies  as 
d 

. Now  if  the  tension  of  the  line  is  constant 

M V 

and  the  drop  at  full  speed  given,  t.e.,  if  we  are 
at  liberty  to  adjust  R,  the  resistance  of  the 
motor,  so  that  whatever  the  current  at  full 
speed  may  be,  the  drop  is  the  same,  then  the 
induced  volts,  which  we  may  denote  by  e,  is 
also  constant.  Thus  our  equation  for  the  speed 
d e 

may  be  written,  varies  as . To  make  this 

^ Mv 

equation  of  use  for  actual  calculation  we  must 
select  the  proper  numerical  constant,  and  we 
obtain  finally — 

d e 

s — 0*262 (i). 

M zj  ^ 

This  equation  tells  us  exactly  how  the  final 
uniform  speed  is  affected  by  any  alteration  in 
any  of  the  quantities  M,  z>,  or  d. 

Now  how  do  variations  in  these  same  quan-  | 
tities  affect  the  rate  at  which  uniform  speed  is 
attained  ? That  is  to  say,  if  we  alter  d,  for 
instance,  what  will  be  the  effect  on  the  accele- 
ration ? You  will  see  at  once  that  an  increase  1 
in  the  diameter  of  the  driving  wheel  will 
diminish  the  acceleration,  other  things  re-  I 
maining  the  same.  Similarly,  an  increase  in  ' 
M will  increase  the  acceleration  ; so  will  also 
an  increase  in  v,  so  that  if  W the  weight  of  the 
car  is  given,  and  Ca  the  current  available  for 
acceleration,  we  know  that  a the  acceleratioq 
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Mi/  Ca 

varies  as . If  you  want  to  use  this 

d ^V 

relation  in  your  calculations  you  must  select  the 
rig-ht  numerical  constant.  Since  a is  expressed 
in  f.p.s.  per  second,  the  constant  will  be  o-Oi^, 
and  we  have  the  equation — 

Uv  Ca 


You  are  now  in  possession  of  complete  in-  | 
formation  as  to  the  effect  upon  the  curve  of  ! 
; acceleration  of  any  change  in  the  values  of  M,  ' 
! V,  or  d.  Imagine  to  yourself  an  equipment  of  i 

I any  kind  you  please.  With  a given  accelerat-  ; 

ing  current  your  car  will  start  with  an  accelera-  | 

i 

I 


will  be  increased  from  1-5  to  2*0  f.p.s.  per 
second,  but  the  final  speed  will  be  reduced 
from  30  to  22*5  feet  per  second,  'i'he  accelera- 
tion curve  is  thus  completely  altered,  and  you 
will  notice  that  precisely  the  same  change  could 
have  been  effected  by  a proportional  increa  ^ 

M'c/ 

in  either  M or  v,  since  the  ratio  enters 

d 

into  both  our  equations. 

I have  drawn  the  acceleration  cur\-e  with  the 
30-inch  wheel  until  the  area  cm  is  the 

same  as  it  was  with  the  40-inch  \vh<--l. 
i.e.,  until  the  car  has  covered  a distance  of  2rx) 
yards,  and  you  see  that  the  time  of  « overing 
this  distance  has  been  increased  from  30  to  32 


Fi(i.  26. 


tion  given  by  equation  (2),  and  will  speed  up  with  I 
that  acceleration  practically  until  full  speed  is  | 
reached,  this  speed  being  given  by  equation  ^ 
(i).  Suppose  that  your  car  is  so  equipped  | 
that  it  speeds  up  with  an  acceleration  of  1-5 
f.p.s.  per  second  on  a 40-inch  wheel,  the  final  > 
speed  being  30  feet  per  second.  The  accelera-  , 
tion  curve  with  this  equipment  is  shown  in  Fig.  j 
26,  that  is  now  on  the  screen  before  you.  We  [ 
may  suppose  the  curve  terminates  where  the  I 
enclosed  area  equals  200  yards,  i.e.,  the  car  j 
will  then  have  covered  a distance  of  200  yards. 

Now  what  will  be  the  effect  of  altering  the  ■ 
diameter  of  the  driving  wheel,  say  to  30  inches, 
without  making  any  other  change  ? From  our 
equations  we  see  at  once  that  the  acceleration 


seconds.  A 20-inch  wheel  would  take  43 
seconds  to  cover  the  same  distance,  and  a 
lo-inch  wheel  would  take  nearly  100  seconds. 

The  points  on  the  acceleration  curves  giving 
the  time  required  to  cover  equal  distano's  li.' 
on  a curve  that  we  shall  call  a Time  Curve. 
You  see  from  the  figure  that  this  curve  is  con- 
vex to  the  speed  axis,  that  is  to  say,  there  is  a 
certain  value  for  the  diameter  of  the  driving 
wheel  that  covers  the  distance  in  a shorter 
time  than  any  other.  In  this  case  the  best 
diameter  is  40  inches,  for  you  see  that  a 50- 
inch  wheel  again  takes  a longer  time.  Hence 
with  this  particular  equipment,  a 40-inch  wheel 
will  cover  200  yards  in  a shorter  time  than  any 
other  wheel.  You  must  however  observe  that 
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for  any  other  distance  40  inches  will  not  be  the 
best  diameter ; thus  for  400  yards  the  best 
diameter  is  50  inches. 

If  you  examine  the  acceleration  curve  for  the 
40-inch  wheel  more  closely,  you  will  see  that  of 
the  whole  200  yards,  one-half  is  covered  during 
the  process  of  acceleration,  and  one-half  at 
full  speed.  Now  this  gives  us  a very  important 
result,  namel}^,  that  to  cover  a given  distance 
in  the  shortest  time,  our  equipment  must  be  so 
designed  that  one-half  the  distance  is  covered 
when  running  at  full  speed,  the  time  of  full- 
speed  running  being  necessarily  one-third  of 
the  whole  time.  It  follows  from  this  that  when 
we  have  to  cover  a given  distance  in  a given 


Without  going  further  into  this  question  now, 
let  us  assume  that  we  can  stop  the  car  in  ten 
seconds  in  a distance  of  100  feet.  This  leaves 
us  with  500  feet  to  be  covered  in  30  seconds. 
To  begin  with,  we  know  what  the  hnal  speed 
must  be,  for  we  have  to  cover  250  feet  in  ten 
seconds,  i.e.,  full  speed  is  25  feet  per  second. 
Since  the  tension  of  the  line  is  500  volts,  and 
the  drop  at  full  speed  is  nine  volts,  we  get  e, 
the  induced  volts,  equal  to  491.  Hence,  from 
M z/ 

equation  (i)  we  have  = 5 ‘15.  Suppose 

d 

now  that  v — 478,  and  that  = 33  inches,  we 
get  then  M = 35-5.  With  these  values  of  M, 
V,  and  d,  the  current  at  full  speed  must  be 


INCH  Pounds  <_r  ToRQue 


time,  we  shall  do  so  with  least  accelerating 
current  when  half  the  given  distance  is  covered 
at  full  speed  in  one-third  the  given  time. 

To  make  this  clearer,  let  us  take  a definite 
case.  Suppose  that  we  have  to  design  an  equip- 
ment that  will  start  a car  weighingten  tons  and 
carry  it  through  600  feet  in  40  seconds.  Two 
motors  are  to  be  used  connected  in  parallel 
throughout  ; the  tension  of  the  line  is  500  volts. 
The  drop  at  full  speed  is  to  be  nine  volts.  The 
frictional  and  other  forces  retarding  the  motion 
amount  to  3,580  inch-pounds  of  torque  on  each 
axle. 

First  of  all  we  have  to  consider  the  period 
during  which  the  brakes  are  being  put  on. 


15  amperes  per  motor,  and  the  resistance  of 
each  motor  0'6  ohm. 

So  far  we  know  that  if  we  construct  an 
equipment  with  these  values  of  M,  v,  and  d, 
the  car  will  move  at  the  required  speed  against 
the  given  resistances  to  motion,  and  one-half 
the  given  distance  will  be  covered  in  one-third 
the  given  time.  In  order  to  get  up  25  feet  per 
second  in  20  seconds,  the  acceleration  must  be 
1-25  f.p.s.  per  second.  Inserting  this  in  equa- 
tion (2),  remembering  that  W per  motor  is  five 
tons,  we  obtain  the  accelerating  current  and 
find  it  to  be  30  amperes,  so  that  the  total  cur- 
rent at  starting  will  be  45  amperes. 

The  acceleration  curve  obtained  with  this 
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equipment,  up  to  the  point  where  the  brakes 
are  put  on,  is  showm  in  Fig.  27.  The  accele- 
ration is  constant  at  1-25  f.p.s.  per  second  for 
20  seconds,  and  during  this  period  250  feet  are 
covered.  The  rest  of  the  distance  is  covered 
at  full  speed  at  17  miles  an  hour. 

In  the  same  diagram  you  sec  the  current 
curve.  1 he  maximum  current,  .]5  ampei('s,  is 
constant  for  20  seconds  ; during  this  period  the 
starting  rheostat  is  being  gradually  taken  out ; 
when  it  is  all  out  the  current  rapidly  diminishes 
to  15  amperes  per  motor.  The  area  of  this 
curve  gives  us  the  total  work  done,  and  in  this 
case  amounts  to  387,000  foot-pounds  of  energy. 


I curve  that  you  have  already  seen  in  Fig.  27. 
You  know  that  the  area  of  this  curve  represents 
the  expenditure  of  energy.  Hence  it  should  bo 
the  aim  of  the  designer  to  reduce  this  area  as 
much  as  possible. 

Let  us  begin  I^y  analysing  this  area,  and 
separating  (he  different  items  of  miergy  ex- 
pendilure.  I his  I may  rlo  by  drawing  lines 
dividing  the  are.i  intf)  thi(;e  parts,  each  rej)r«  - 
senting  an  entirely  distim  t item  of  ex[>enditur(?. 
I have  done  this  by  dividing  tin,*  vertical  ordi- 
nates of  the  current  curve  into  three  parts,  ear  k 
representing  that  portion  of  the  whole  curnmt 
that  is  expended  in  the  three  different  ways  of 


AVT  have  thus  designed  an  equipment  that  | 
will  cover  the  given  distance  in  the  given  time, 
but  the  question  now  arises,  “ Does  this  design 
comply  with  the  specification  in  the  most  eco- 
nomical manner  ?”  The  answ^er  to  this  is  that 
any  alteration  in  the  values  of  M,  v,  or  d,  that 
we  have  selected  will  require  a larger  accelerat- 
ing current  to  cover  the  distance  in  the  given 
time,  so  long  as  the  value  of  M remains  con- 
stant throughout,  so  long  as  w’e  adopt 

what  is  practically  a shunt-wound  motor.  If, 
however,  we  are  at  liberty  to  vary  the  induction 
factor  by  using  series-winding,  w^e  may  be  able 
to  effect  a greater  economy.  Let  us  then  see 
what  this  series-winding  can  do  for  us. 

In  Fig.  28  I have  reproduced  the  current 


heat,  acceleration,  and  train  resistance.  You 
see  that  at  the  moment  of  startii>g  the  whole  of 
the  energy  is  being  expended  in  the  form  of 
heat.  As  the  speed  increases  less  is  expended 
thus,  and  some  in  overcoming  train  resistance 
and  some  in  accelerating.  When  full  speed  is 
reached  the  only  expenditure  is  for  train  re- 
sistance. 

You  will  notice  that  the  rate  of  energy  expen- 
diture in  overcoming  train  resistance  is  not 
uniform,  as  it  is  sometimes  supposed  to  be. 
This  should  be  obvious  when  you  remember 
that  it  depends  upon  the  speed,  the  resistance 
to  be  overcome  remaining  constant,  so  that  at 
the  moment  of  starting  it  is  nothing.  I mention 
this  because  some  recent  calculations  on  moto 
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control  and  energy  expenditure  have  been  based 
upon  the  assumption  that  the  rate  of  energy  ex- 
penditure for  train  resistance  is  uniform,  so  that 
the  whole  energy  thus  expended  simply  depends 
on  the  time,  whereas  it  really  depends  upon  the 
distance. 

When  the  distance  to  be  covered  is  fixed, 
the  only  way  of  reducing  this  item  of  expendi- 
ture is  to  reduce  the  resistance  to  motion.  This 
we  may  do  by  using  roller  bearings  or  other 
similar  devices.  When  however  we  have  re- 
duced it  to  the  lowest  limit  the  expenditure 
under  this  head  may  be  found  by  multiplying 
the  resistance  to  motion,  expressed  in  terms  of 
so  many  pounds  of  horizontal  effort,  by  the 
distance  that  has  to  be  covered. 

We  now  come  to  the  second  item  of  expendi- 
ture, namely,  acceleration.  This  represents  the 
kinetic  energy  stored  up  in  the  moving  train, 
and  depends  upon  the  weight  to  be  moved  and 
the  square  of  the  final  speed.  The  only  way  of 
effecting  a saving  under  this  head  will  be  to 
reduce  the  final  speed,  and  since  the  expendi- 
ture varies  as  the  square  of  the  speed,  it  will 
be  well  worth  doing  this. 

Now  I have  already  shown  you  that  the  best 
speed  is  that  which  covers  half  the  distance  in 
one-third  the  time,  and  that  if  we  run  with  a 
smaller  final  speed  than  this  we  shall  have  to 
increase  the  accelerating  current.  Since  the 
heat  expenditure  varies  as  the  square  of  this 
current,  it  will  not  be  worth  while  adopting 
a lower  final  speed.  It  appears  then  that  the 
saving  of  energy  must  be  made,  if  at  all,  under 
the  head  of  heat. 

I want  you  to  notice  that  the  heat  energy  is 
represented  very  nearly  by  a triangle,  drawn  by 
joining  the  point  /to  the  point  d.  The  little 
distance  a b is,  in  fact,  the  rate  of  expenditure 
of  energy  due  to  the  initial  current  passing 
through  the  resistance  of  the  motor  only.  As 
the  initial  current  rapidly  diminishes,  this  state 
of  affairs  lasts  for  a very  short  time.  I shall 
therefore  assume  that  the  heat  loss  is  found  by 
joining  f to  <?»,  and  is  given  by  the  area  of 
the  triangle  c b f.  Now  how  can  we  re- 
duce the  area  of  this  triangle  ? One  way  is  by 
using  the  series-parallel  controller.  Let  me 
explain. 

The  current  curve  that  you  are  now  looking 
at  represents  the  current  for  one  motor.  If  we 
have  two  motors  and  connect  them  in  series 
at  starting,  and  maintain  the  same  current  per 
motor  as  before,  we  shall  have  45  amperes 
from  the  line  instead  of  90,  and  this  will  last 
until  the  rheostat  is  all  out  on  the  series  step, 
f.c.,  for  ten  seconds,  hence  we  shall  cut  a large 


rectangle  out  of  the  heat  triangle  like  that 
shown  in  Fig.  33.  If  I have  made  this  clear, 
you  will  see  that  the  series-parallel  controller 
enables  us  to  halve  the  heat  loss  when  two 
motors  are  used.  This  is  a very  important 
conclusion,  since  it  shows  us  wherein  lies  the 
great  advantage  of  this  method  of  control. 
Whatever  arrangement  we  adopt,  however  we 
design  our  equipment,  if  we  use  shunt  or 
series-wound  motors,  the  series-parallel  con- 
troller halves  the  heat  loss. 

If  four  motors  are  used,  the  question  may 
arise  as  to  whether  it  is  worth  while  connecting 
them  four  in  series  at  the  start.  Under  these 
circumstances,  the  heat  loss  is  not  again 
halved.  Suppose  the  heat  loss  with  parallel 
connection  to  be  100,  then  by  arranging  the 
motors  two  in  series  at  starting  we  reduce  the 
heat  loss  to  50.  By  arranging  them  four  in 
series  at  starting  the  heat  loss  becomes  37 ’5 • 
This  is  on  the  assumption  that  we  neglect  the 
resistance  of  the  motors  themselves,  and  makes 
the  saving  rather  larger  than  it  actually  is.  It 
is,  in  general,  not  worth  while  to  connect  four 
in  series,  since  the  connections  become  very 
complicated.  This  arrangement  might  how- 
ever be  justified  if  it  was  considered  necessary 
to  be  able  to  run  at  very  slow  speeds. 

I want  now  to  direct  your  attention  to 
another  very  important  method  of  reducing  the 
heat  loss.  To  make  myself  clear  I must  begin 
by  asking  you  to  imagine  that  you  are  in 
possession  of  a mechanical  contrivance  that  at 
present  exists  only  in  the  brain  of  the  ardent 
inventor,  namely,  a contrivance  by  which  you 
can  vary  at  will  the  velocity  ratio.  Imagine 
that  your  car  is  equipped  with  such  a con- 
trivance, and  that  by  simply  moving  a handle 
you  can  increase  or  diminish  v without  making 
any  other  alteration  in  your  equipment.  Let  us 
see  what  this  would  enable  you  to  do. 

At  the  moment  of  starting  you  would  make  v 
as  large  as  possible.  Suppose,  for  instance, 
that  you  could  double  z>,  you  would  then  get 
twice  as  great  an  acceleration  as  before  with 
the  same  current.  Now  if  you  kept  tj  at  this 
value,  your  car  would  speed  up  to  half  the 
proper  speed  and  you  would  not  cover  the 
required  distance  in  the  given  time.  If  however 
you  kept  on  reducing  the  value  of  v as  the  car 
increased  in  speed,  you  could  bring  up  the 
speed  to  the  same  final  speed  as  before, 
namely,  with  57  = 4*78.  There  would,  however, 
be  this  great  difference  from  the  case  when  v 
was  constant,  that  the  high  initial  current 
would  last  only  so  long  as  the  initial  value  of  v 
was  maintained,  in  other  words,  the  starting 
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I rheostat  would  be  in  circuit  for  a very  much 
shorter  period. 

You  see  then  what  a valuable  contrivance 
I this  would  be,  it  would  enable  us  to  get  rid  of 
I the  heat  loss  entirely,  theoretically,  and  even 
with  the  practical  limits  that  we  may  suppose 
to  exist,  we  could  reduce  the  heat  loss  very 
greatly.  I may  point  out  in  passing  that  the 
limit  would  be  determined  not  by  the  practical 
difficulty  of  constructing  a contrivance  with  an 
infinite  velocity  ratio,  but  by  the  initial  acce- 
leration at  which  slipping  of  the  driving  wheels 
would  take  place. 

Now  I do  not  wish  to  discourage  any  inventor 
amongst  my  audience  to-night,  when  I say 


of  M at  the  moment  of  starting,  and  make  it 
gradually  get  less  as  the  car  speeds  up,  we 
can  do  all  that  we  could  do  with  a variable 
velocity  ratio.  Now  series-winding  does  this 
for  us  automatically.  Hy  winding  the  mag- 
nets in  series  with  the  armature,  so  that 
the  whole  current  passes  through  both,  we 
can  reduce  the  time  during  which  the  start- 
ing rheostat  is  in  circuit  as  much  as  we 
please. 

Suppose,  for  instance,  that  we  d»-sign  our 
motor  so  that  when  45  amperes  are  passing 
through  the  magnets  the  induction  factor  is 
twice  what  it  is  when  15  amperes  are  passing. 
We  shall  get  acceleration  and  current  curves  as 


that  we  have  ready  to  hand  a contrivance  that 
does  all  that  I have  been  imagining,  and  even 
more,  as  the  contrivance  that  I now  speak  of 
acts  automatically.  I refer  to  what  is  known  as 
series-winding. 

You  have  already  seen  that  the  three  quanti- 
ties, M,  V,  and  d,  are  so  related  that  whatever  | 
change  we  make  by  varying  any  one  of  them  | 
we  can  effect  precisely  the  same  change  by  ^ 
varying  one  of  the  others.  For  instance,  all  I 
that  I have  just  said  about  varying  the  value  of  j 
V applies  with  equal  truth,  though  with  insuper- 
able practical  difficulties,  to  varying  the 
diameter  of  the  driving  wheel. 

It  follows  that  if  we  can  i c ' ase  the  valu  ■ 


shown  you  in  Fig.  27.  The  point  g now  marks 
the  moment  at  which  the  starting  rheostat  is  all 
out.  The  high  initial  current  is  thus  passing 
for  4 seconds  instead  of  for  20,  and  the  corres- 
ponding saving  in  the  heat  loss  is  shown  by 
a comparison  of  the  areas  of  the  current 
curves. 

In  Fig.  29  I have  drawn  the  new  current 
curve,  and  divided  the  area  so  that  you  can  at 
once  see  by  comparison  with  Fig.  28  where  the 
saving  has  been  effected.  In  each  case  500 
feet  has  been  covered.  You  see  that  the 
saving  is  almost  entirely  on  the  heat  loss. 

I The  actual  values  are  given  in  the  following 
i Table. 
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Induction  Factor. 

Constant. 

Variable. 

For  acceleration 

Foot-pounds. 
109  X lo^ 
109  X 10'^ 
169  X lO^ 

Foot-pounds. 
88-7  X lO’^ 
109-0  X 10^ 
32-2  X 10^ 

For  train  resistance 

For  C2R  loss 

Total  for  half  car. . . . 

387  X Io3 

229-9  X 10'^ 

You  see,  then,  that  by  making-  use  of  the 
principle  of  series-winding  we  have  been  able 
to  reduce  the  heat  loss,  and  in  consequence 


on  the  curve,  which  has  then  to  pass  through 
the  three  points  thus  shown.  The  point  b is 
determined  by  the  final  speed  that  has  to  be 
attained,  and  the  point  / should  be  taken  as 
high  up  as  possible  in  order  to  get  as  large  an 
initial  acceleration  as  possible. 

It  should  be  clear  to  you  from  the  figure  that 
the  point y^is  not  the  highest  possible  value  of 
M.  This  would  be  obtained  by  drawing  a 
straight  line  through  a and  b to  cut  the  vertical 
through  fm  c.  The  value  of  M thus  obtained, 
M 106,  is  the  greatest  possible  value  con- 
sistent with  having  M 35-5  for  15  amperes. 


Inch  Pounds  of  Toaqui 


to  carry  the  car  through  the  required  distance 
in  the  given  time  for  40  per  cent,  less  energy 
than  with  motors  of  constant  induction  factor. 

I wish  now  to  direct  your  attention  for  a few 
minutes  to  the  induction  curve  of  the  motor 
that  enables  us  to  effect  this  saving.  In  Fig. 
30,  horizontal  ordinates  represent  amperes 
through  the  motor,  and  vertical  ordinates  re- 
present values  of  the  induction  factor.  We 
know  that  our  motor  must  have  M =;  35-5  for 
15  amperes,  and  M = 71  for  45  amperes.  These 
values  are  shown  by  the  points  b and  fm  the 
figure.  The  point  a is  of  course  a third  point 


Now  what  does  a straight  induction  curve 
mean  ? It  means  that  the  iron  in  the  magnetic 
circuit  is  nowhere  carried  up  to  the  point  of 
saturation ; in  fact,  it  means  that  the  only  mag- 
netic reluctance  in  the  circuit  is  that  of  the  air 
gap.  This  involves  large  cross-sections  of  iron, 
and  consequently  greatly-increased  weight,  the 
increase  being  nearly  proportional  to  the  value 
of  M for  the  maximum  current  of  45  amperes. 

If  we  used  motors  with  M = 106  at  45 
amperes  we  should  reduce  the  heat  to  the  low^est 
possible  limit,  13  X lo^  foot-pounds,  as  compared 
with  32-2  X 10^  for  M 71.  But  we  should 


October  7,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


881 


then  have  an  initial  acceleration  of  more  than 
4’5  f.p.s.  per  second,  and  this  would  exceed  the 
limit  at  which  the  driving  wheels  slip.  ^Ve  must 
then  choose  such  a value  for  M as  will  give  us 
the  greatest  possible  initial  acceleration.  For 
M =:  71  the  acceleration  is  3-1  f.p.s.  per 
second,  which  we  may  take  to  be  the  highest 
permissible  value.  The  acceleration  curve  in 
Fig.  27  is  obtained  by  a graphic  method  from 
the  curve  abf,  in  Fig.  30  ; the  curve  de  is  the 
corresponding  curve  of  torque  on  a speed  base. 

You  will  remember  that  the  value  M =i  35-5 
for  15  amperes  was  obtained  on  the  assumption 
that  the  velocity  ratio  was  to  be  478.  If  we  I 
take  a larger  value  of  v,  say  7-15,  the  value  of  I 


The  rolling  stock  of  this  railway  consists  of 
motor  cars  and  pas.senger  cars.  'I'he  former 
weigh  62,000  lbs.  and  are  47  feet  in  length,  the 
latter  weigh  46,000  lbs.  when  fully  loaded.  'I'he 
motor  cars  are  mounted  on  locomotive  trucks 
with  33  inch  driving  wheels  and  a velocity  ratio 
of  3-18.  J shall  take  the  case  of  a train  weigh- 
ing 90  tons,  consisting  of  one  motor  and  three 
passenger  cars.  I shall  suppose  that  we  have 
to  design  motors  that  shall  drive  this  train 
through  a distance  of  2,500  feet  of  level  track 
in  100  seconds  from  start  to  stop.  'I'he  tension 
of  the  line  is  500  volts  ; the  drop  at  full  speed 
is  limited  to  five  volts.  'I'he  resistance  to 
motion  is  614  lbs.  horizontal  pull  per  motor 


Fig.  31. 


M at  15  amperes  is  reduced  to  24.  This  is 
shown  by  the  point  k in  Fig.  30.  If  we  draw  a 
straight  line  through  ak  it  will  pass  through  f. 
We  have  here  then  obtained  a new  induction 
curve  with  a different  velocity  ratio,  giving  us 
the  same  results  as  curve  abc,  but  with  a motor 
lighter  than  the  former  in  the  proportion  of 
478  to  7’FS-  Hence  the  larger  the  velocity 
ratio  the  lighter  the  motor.  We  must  then  take 
a value  of  v as  large  as  is  consistent  with  prac- 
tical conditions  of  clearance,  &c. 

I propose  now  briefly  to  apply  the  principles 
which  we  have  been  discussing  to  a railway 
with  which  you  must  be  more  or  less  familiar, 
the  Chicago  Metropolitan  Elevated  Railroad. 


when  two  motors  are  used,  this  resistance 
including  the  gear  loss. 

I shall  assume  that  the  train  can  be  brought 
to  rest  in  20  seconds  in  500  feet,  leaving 
2,000  feet  to  be  covered  in  80  seconds.  This 
gives  us  the  final  speed,  from  which  we  deduce 

M 7' 

n:  3'-j6.  Now  7'  = 3'i8  and  d — 33 

d ' 

inches,  so  that  wc  get  M = 35*9.  and  the 
corresponding  current  at  full  speed  is  03  am- 
peres per  motor,  and  the  resistance,  to  give  a 
drop  of  five  volts,  must  therefore  be  0-0795 
ohms.  We  have  thus  found  one  point  on  the 
induction  curve,  shown  at  a in  Fig.  31. 
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The  accelerating  current  can  be  found  from 
equation  (2)  which  I gave  you,  and  is  226 
amperes.  If  we  take  M at  the  start  twice 


acceleration  1-27  f.p.s.  per  second,  a value 
well  within  the  practical  limits  of  adhesion. 
Point  b in  the  figure  gives  M = 72  for  257 


S t C O N o s 


Fig.  32. 
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Fig.  33. 


what  it  is  at  full  speed,  the  frictional  current 
at  the  start  will  be  only  31*5  amperes,  so  that 
the  total  current  is  257  amperes,  and  the  initial 


amperes.  The  curve  a b then  is  the  required 
induction  curve. 

In  Fig.  32  you  see  the  curve  of  acceleration 
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obtained  by  a graphic  method  from  the  induc- 
tion cur\'e  in  Fig.  31  ; that  is  to  say,  if  the 
train  was  fitted  with  motors  having  this  induc- 
tion curve,  it  would  speed  up  in  the  way 
indicated  by  this  acceleration  curve.  You  see 
that  the  area  of  the  curve  represents  almost 
e.xactly  2,000  feet  at  80  seconds.  The  dotted 
line  in  this  figure  gives  the  acceleration  curve 
as  actually  obtained  in  practice,  from  an 
experiment  with  a train  of  equal  weight. 

From  the  acceleration  curves,  you  might 
suppose  that  the  performance  of  the  motors 
actually  used  was  very  much  like  that  of  those 
we  have  been  designing.  If,  however,  you 
look  at  Fig.  31,  you  will  there  see  the  induction 
curves  of  the  motors  actually  used,  given  in 
the  curve  B.  You  see  that  this  curve  is  quite 
different  from  A,  the  calculated  induction 
curve.  You  may  reasonably  ask  how  it  is  that 
two  motors  with  such  different  induction  curves 
give  nearly  identical  results  ? The  answer  is 
to  be  found  in  a comparison  of  the  respective 
current  curves.  These  are  given  in  Fig.  33, 
the  full  line  is  the  calculated  curve,  and  the 
dotted  line  that  obtained  by  experiment,  corres- 
ponding to  the  experimental  acceleration  curve 
of  Fig.  32.  Series-parallel  control  is  used  in 
both  cases. 

You  can  see  at  a glance  that  the  area  of  the 
actual  curve  is  much  greater  than  the  calcu- 
lated curve,  the  values  expressed  in  foot- 
pounds, being  963  X 10^  respectively.  This 
great  difference  is  explained  by  the  fact  that 
the  values  of  M for  large  currents  in  the  actual 
motors  are  not  much  more  than  half  of  those 
calculated,  hence  in  order  to  get  the  initial 
acceleration  necessary  to  carry  the  train 
through  the  given  distance  in  the  given  time, 
far  greater  currents  have  to  be  used.  Thus, 
on  the  series  step  the  current  per  motor  is  380 
instead  of  257  amperes,  while  the  current  from 
the  line  on  the  parallel  step  is  660  instead  of 
515  amperes.  The  expenditure  of  energy  in 
the  two  cases  is  85  and  60  watt-hours  per  ton- 
mile. 

By  reducing  the  vertical  ordinates  of  curve 
A in  Fig.  31,  in  the  proportion  of  3*18  to  478, 
we  obtain  a third  curve,  C,  which  is  the  induc- 
tion curve  for  motors,  which  will  give  the  same 
results  as  curve  A,  but  with  v — 478  instead 
of3'i8.  This  new  curve,  c,  very  nearly  coin- 
cides with  curve  B,  that  is  to  say,  the  motors 
in  actual  use  would  work  with  nearly  the  same 
economy  as  those  calculated,  if  the  velocity 
ratio  were  increased  from  3*18  to  47^- 
see  then  how  important  it  is  to  determine  the 
right  velocity  ratio.  In  fact,  we  come  back  to 


the  point  on  which  I insisted  at  the  outset, 
that  the  problem  before  us  in  designing  for 
rapid  acceleration  involves  a careful  considera- 
tion of  the  proper  proportions  of  the  whole 
equipment,  and  that  the  economy  of  running 
may  be  increased  greatly  by  giving  attention 
to  the  principles  underlying  the  action  of  the 
motors  in  these  peculiar  circumstances. 

I hope  you  will  not  imagine*  that  I have 
referred  to  American  practice,  simply  in  order 
to  criticise.  The  Americans  have  made  im- 
mense strides  in  electric  railway  design  during 
the  last  few  years,  far  in  advance  of  anything 
that  has  been  done  in  this  countr}’.  We 
should  make  it  our  aim  to  do  even  better  than 
they  have  done.  To  this  end  we  should  care- 
fully examine  their  designs,  and  get  all  the 
benefit  we  can  from  their  experience,  learning 
as  much  from  their  failures  as  from  their 
successes. 


Miscellaneous. 


SLAG  BRICKS  IN  GERMANY. 

An  interesting  rej^ort  has  recently  been  issue  l in 
Germany  on  the  manufacture  of  bricks  from  granulated 
blast  furnace  slag.  The  direct  production  of  building 
and  paving  stone  from  fluid  slag  is,  according  to  the 
United  States  Consul  at  Bamien,  no  new  thing.  Such 
slag  bricks,  however,  did  not  prove  a suitable  material 
for  dwelling-houses,  because,  like  glass,  they  are  im- 
permeable for  air  as  well  as  steam.  In  human  habi- 
tations the  aqueous  vapour  exhaled  by  the  cKreupants 
would  condense  on  cold  days  on  both  windows  and 
walls,  thus  rendering  the  rooms  damp  and  unhealthy. 
On  the  other  hand,  brick  manufaciurcd  from  granu- 
lated blast  furnace  slag  is  penneable  and  hygro;<opical 
—that  is  both  air  and  steam  can  penetrate  them.  The 
first  person  to  produce  granulated  slag  or  slag  gravel 
for  brickmaking,  by  passing  the  fluid  slag  through 
water,  was  Eugene  Langen,  an  employe  of  the  Fricil- 
richs  'Wilhelm  mine  near  Siegherg,  "Westphalia.  This 
process  causes  disintegration  ; silica  is  separated  in  a 
soluble  condition  in  which  it  easily  hardens  in  the  air 
and  combines  just  as  easily  with  caustic  lime.  The 
single  grains  of  this  slag  gravel  when  compressed 
tightly,  arc  bound  by  the  soluble  silica  ; and  when 
ground  to  a fine  dust,  so  that  the  particles  conic  into 
closer  contact  with  each  other,  the  binding  by  the 
silica  therein  is  sufficient  for  the  luixUiclion  of  gCKxi 
building  bricks.  Bricks  from  ground  slag,  however, 
require  a longer  time  for  hardening  than  those  manu- 
factured from  granulated  slag.  By  mixing  granulated 
slag  with  dust  from  slag  which  has  crumbled  in  the 
ail",  good  bricks  can  be  proilucci.1  without  any  addition 
of  lime,  but  the  hardening  procc'S  is  rather  dow. 
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Hardening  takes  place  quickest  in  from  six  to  eight 
days  with  bricks  to  which  about  10  per  cent,  of 
burned  and  slacked  lime  has  been  added.  Granulated 
slag,  from  its  passage  through  water,  contains  from 
19  to  33  per  cent,  of  water,  according  to  its  porosity, 
a fact  which  has  to  be  considered  in  shipping.  Its 
weight  ranges  between  1,100  and  1,500  lbs.  per  cubic 
meter  (35'3  cubic  feet) ; that  of  ground  slag  runs  as 
high  as  2,900  lbs.  Ground  slag  can  be  added  to  the 
mixture  of  granulated  slag  and  lime  when  especially 
dense  and  strong  bricks  are  to  be  produced.  The 
bricks  may  be  given  any  shape  desired,  and  tliey  will 
preserve  this  shape  because  they  are  not  burned. 
They  show  sharp  edges  and  smooth  surfaces,  and 
give  the  greatest  satisfaction  when  as  little  mortar  as 
possible  is  used.  The  natural  colour  of  slag  bricks  is 
that  of  greyish  white  sandstone.  The  weight  ranges, 
according  to  dryness  and  slag  used,  between  6|  and 
7 lbs.,  or  about  6,000  bricks  to  a 20-ton  car.  The 
strength  of  slag  bricks  fully  equals  that  of  ordinary 
burned  bricks ; 24  to  28  lbs.  per  square  centimetre 
(square  centimetre  equal  '155  square  inch)  is  usually 
considered  the  highest  admissible  burden  for  ordinary 
bricks.  Well  hardened  slag  bricks  can  withstand, 
theoretically,  burdens  up  to  160  to  180  lbs.  The 
resistance  of  slag  bricks  to  high  temperature  is  quite 
remarkable.  Heated  to  a pale  red  when  the  carbonate 
of  lime  begins  to  decompose,  its  strength  will  not  be 
injured.  Even  if  a part  of  the  lime  should  be  decom- 
posed at  such  a high  temperature  and  thus  rendered 
caustic,  carbonic  acid  is  again  absorbed  at  a lower 
temperature,  and  the  brick  again  becomes  as  strong  as 
it  was  before.  For  the  construction  of  chimneys  and 
stacks  slag  bricks  are  used  with  advantage,  as  the 
products  ascending  contain  a large  quantity  of  free 
carbonic  acid  which  is  delivered  to  the  bricks.  For  the 
same  reasons  it  is  well  adapted  for  lining  lime  kilns 
and  walling  in  boilers.  Slag  bricks  are  five  times 
as  permeable  as  ordinary  burned  bricks.  Their 
porosity  is  also  greater  than  that  of  burned  bricks, 
and  while  they  do  not  absorb  water  as  quickly  as 
burned  bricks,  they  regain  their  permeability  more 
quickly  than  the  latter.  At  a recent  trial,  a burned 
brick  filled  up  its  pores  wdth  water  in  12  hours,  while 
a slag  brick  required  190  hours  to  get  thoroughly 
soaked.  To  test  whether  slag  bricks  have  dried  and 
liardened  sufficiently  to  be  safely  used,  a small  piece 
of  brick  tied  to  a string  is  dipped  into  a cold,  con- 
centrated solution  of  sulphate  of  soda  and  hung  up  at 
any  place  in  a room.  By  the  evaporation  of  the 
water  in  the  solution,  and  the  crystallisation  of  the 
soda,  which  in  its  action  resembles  the  formation  of 
ice,  bricks  which  will  not  resist  frost  are  destroyed, 
each  crystal  needle  carrying  a little  cap  of  the  material 
from  which  the  brick  was  produced.  Not  slag  bricks 
alone,  but  any  other,  can  be  tested  in  the  above  men- 
tioned manner  as  to  their  power  of  resistance  to  frost. 
It  is  said  that  slag  originating  from  puddling  and 
Thomas  pig  iron  produces  the  best  bricks,  while 
Bessemer  and  foundry  slag  ranks  second.  The  erec- 
tion of  a slag  brick  plant  in  connection  with  ^ blast 


furnace  would  cost  about  _,^i,ooo.  At  several  German  1 1 
works  the  cost  of  production  of  about  1,000  bricks  is  \ 
only  los.  From  6,000  to  7,000  lbs.  of  granulated  i 
slag  and  450  to  700  lbs.  of  burned  lime  are  required  ' 
for  the  production  of  1,000  bricks. 


General  Notes. 


Agricultural  Exhibition  at  Warsaw.— An 
Agricultural  Exhibition  will  be  held  in  the  Museum 
of  Trade  and  Agriculture,  at  Warsaw,  from  November 
28th  to  December  5th  of  this  year.  The  various 
sections  will  be  : — Section  a. — Seeds  and  roots  shown 
in  fifteen  classes.  Section  h. — Cheese  and  butter. 
Section  c. — Honey  and  bee-keeping  appliances.  Sec- 
tion d. — Flour,  macaroni,  chicory,  starch,  &c.  Sec- 
tion Fruit,  wines,  jam,  preserved  fruit,  vegetables, 
meat,  &c.  Section  f. — Weaving,  pottery,  basket- 
making, articles  made  of  wood,  straw,  &c.  Section 
Agricultural  machines  and  implements,  artificial 
manures,  harness,  &c.  The  prizes  are  only  open  to 
Russian  subjects,  but  foreigners  can  exhibit  at  the 
show.  Application  for  space  must  be  sent  to  the 
Museum  of  Trade  and  Agriculture,  Krakowskie 
Przedmiescie  66,  AVarsaw,  not  later  than  October  20th. 

Western  Australian  Exhibition.— It  has 
been  decided  to  hold  an  Exhibition  in  Coolgardie 
next  year,  and  the  Government  of  Western  Australia 
has  resolved,  to  support  the  undertaking  by  a money 
and  land  grant.  The  original  proposition  was  to  hold 
a mining  machinery  exhibition,  and  to  open  the  same 
in  October,  1897,  but  the  scope  of  the  Exhibition 
was  enlarged,  and  it  was  determined  to  call  it  the 
Western  Australian  International  Mining  and  Indus- 
trial Exhibition.  Its  objects  are  to  obtain  the  fullest 
and  best  possible  display  of  mining  and  other 
machinery,  and  of  all  kinds  of  manufactures  suited 
to  the  requirements  of  the  mining,  timber,  and  agri- 
cultural industries  of  the  colony,  and  to  its  growing 
population.  The  Government  of  the  colony  has 
agreed  to  frank  all  exhibits  from  the  port  of  arrival, 
to  and  from  Coolgardie,  over  their  railways,  and  to 
treat  the  Exhibition  buildings  as  a bonded  store,  so 
that  no  charges  will  be  made  for  freight  or  Custom 
dues  excepting  on  goods  sold  in  the  colony.  The 
Exhibition  will  be  opened  on  March  21,  and  will 
remain  open  for  at  least  three  months.  Arrangements 
for  Great  Britain  and  the  Continent  are  in  the  hands 
of  the  Special  Commissioner,  Mr.  E.  T.  Scammell. 
Certificates  of  merit  will  be  awarded  in  every  section, 
special  certificates  being  given  for  exhibits  showing 
superlative  merit.  The  Agent-General  for  AVestern 
Australia,  the  Hon.  E.  H.  AVittenoom,  as  one  of  the 
patrons  of  the  Exhibition,  has  undertaken  to  supply 
information  from  his  office,  ATctoria-street,  AVest- 
minster,  to  intending  exhibitors  and  others. 
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CANTOR  LECTURES. 

SOME  PRINCIPLES  OF  FORM-DESIGN 
IN  APPLIED  ART. 

By  Hugh  Stannus,  F.R.I.B.A. 

Lectiii'e  I. — Delivered  February  14,  i8g8. 

ART  may  be  defined  as  that  branch  of 
mental  activity  the  intention  and  result  of 
which  is  to  make  the  material  Environment- 
of-life  more  pleasant.  When  the  things  and 
acts  which  constitute  this  environment  are 
most  pleasing  to  minds  of  most  intelligence — 
then  they  are  said  to  be  “beautiful”.  The 
Beauty  may  appeal  through  any  of  those 
channels  of  communication  from  the  Environ- 
ment to  the  Mind,  which  are  termed  “ the  five 
Senses  ” ; and  may  be  beauty  in  Sight,  Sound, 
Smell,  Touch,  or  Taste.  And,  according  to 
the  particular  Sense  it  affects,  it  will  be  beauty 
in  : — Shape  or  Form  and  Colour,  Sound,  Odour, 
Taction,  Savour.  Opinions  are  divided  on  the 
question — of  the  intellectual  order  in  which 
these  should  have  precedence ; and  they  are 
here  arranged  on  the  principle  of  Distance  v. 
Proximity,  it  being  assumed  that  those  Senses 
which  require  nearness  are  more  personal  to 
the  animal  portion  of  the  observer,  and  those 
which  can  be  exercised  on  distant  objects  are 
appreciated  by  the  intellectual  faculties. 

There  is  an  Art  (or  several  Arts)  which 
appeals  to  each  particular  sense  ; thus  : — ■ 
Architecture,  Sculpture,  Painting,  &c.,  to 
sight — Poetry,  Music,  &c.,  to  sound— Per- 
fumery, &c.,  to  smell — Texture  to  touch — and 
Gastronomies  to  Taste ; but  only  the  first 
three,  which  appeal  to  the  sense  of  Sight,  arc 
included  in  this  prescnt'coursc. 

A further  subdivision  is  made — between  the 
art  that  is  produced  without  special  reference 
to  the  surroundings,  which  is  independent, 
isolated,  unapplied,  and  sometimes  hetero- 
geneous or  unsuitable — and  the  art  which  is 


made  fur  its  place  and  in  its  place,  is  applied, 
and  should  be  homogeneous  and  appropriate. 
The  former  may  be  termed  “ Independent- 
art”  ; and  the  latter  is  “ .\pplied-art  ”. 

The  INDEPENDENT-ARTS  are  :-Sculp- 
ture,  when  the  examples  arc  made,  each  for 
its  own  intrinsic  beauty  in  line  and  mass, 
without  reference;  to  the  positions  that  they  may 
afterwards  occupy,  but  generally  intended  to 
be,  each  of  them,  the  dominant  feature  of  th-: 
Gollcction  or  Shrine.  Some  of  these  examph-s, 
like  the  Aphrodite  of  Knidos,  the  .Nike  of 
Melos,  and  the  Apollo  of  the  Ihdveders: 
are  among  the  noblest  achicvc-ments  of 
man — Painting,  when,  similarly,  the  pictorial- 
artist  shows  his  mastery  over  drawing  colour 
and  chiaroscuro,  in  subjects  chosen  to  dis- 
play those  qualities  without  rcfi;rencc  to  or 
knowledge  of  any  subsequent  positions  that 
may  be  dignified  by  the  easel  pictures  ; and, 
here  again,  it  would  not  be  difficult  to  name 
works  which  are  immortal — Music,  when  the 
tone-artist  feeling  the  throbbing  of  interv.  •%*  n 
melodies,  is  impelled  to  score  them  witln  ut 
reference  to  any  words — and  so  with  the  f)ther 
Independent  Arts  : each  of  them  is  independ- 
ent of  any  useful  Object  ; and  arises  mainly 
out  of  the  worker’s  joy  in  his  powers. 

The  APPLIED-ARTS  are  :--Architccture, 
when  interesting  Variety,  well-considen  d Pro- 
portion, refined  Detail,  and  expressive  Features 
are  added  to  structures  (as  is  so  well  shewn  in 
Fergusson’s  History  of  Ancient  and  Medi.eval 
Architecture,  1893,  p.  13,  and  in  Mr.  Statham’s 
Architecture  for  general  Readers,  1895,  p.  17.), 
which  without  such  graces  would  be  only 
Building — Sculpture,  when  the  relief  Frieze 
and  Panel  are  applied  as  the  decoration  of  a 
Cabinet — Painting,  when  the  beauty  of  Foliage 
is  applied  to  a Wall  — Music,  when  the 
rhythmic  beat  of  the  military  March  is  utilised 
to  keep  the  soldiers  in  proper  “ step  " — and  so 
with  the  other  Applied  Arts  : each  of  them 
ow'es  its  existence  to  the  fact  that  it  is  applied. 

This  course  is  on  Applied  Art.  Sir  Edward 
Poynter,  P.R.A.,  in  his  fine  scholarly  and 
searching  “Ten  Lectures  on  Art”,  first  pub- 
lished in  1879,  has  classified  Applied  Art  into 
the  tw'O  kinds,  which  are  here  termed  : — Form- 
design,  and  Decoration-design. 

FORM-DESIGN  (or  constructive  design  as 
he  terms  it) — “has  its  simplest  expression  in 
the  form  which  a savage  gives  to  the  ordinary 
objects  of  his  dail}’  use  ; * * * to  his  hatchet, 
or  to  the  rude  vessels  in  which  he  cooks  his 
food  ’ ’ . 

DECORATION-DESIGN  is  seen— ••  in  the 
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patterns  which  he  cuts  on  the  prow  of  his  boat, 
or  traces  with  a stick  on  his  pottery,  or  the 
mud  walls  of  his  hut 

The  FORM  of  an  object,  and  the  decoration 
of  that  Form — are  often  conceived-together  or 
simultaneously  in  the  Artist’s  mind,  analo- 
gously to  the  close  relation  between  the  plan 
of  a Building,  and  the  ELEVATIONS  of  the 
Walls  that  enclose  that  Plan.  Practically, 
however  : the  Plan  for  accommodation  is  first 
considered ; and  the  Wall  - design  depends 
upon  it ; and  similarly  in  Art : the  Form  (or, 
at  least,  the  general  Mass-form)  is  primary, 
and  the  Decoration  is  secondary.  Thus  a Pot 
is  : (firstly)  thrown  on  the  Wheel,  in  which 
operation  it  receives  its  Form  ; and  (secondly) 
scratching,  painting,  or  modelling,  is  added  or 
applied,  in  which  operation  it  receives  its 
Decoration. 

There  are  cases,  in  which  : — [a]  the  Function 
of  the  object  does  not  permit  of  Decoration,  or 
{b)  the  Beauty  of  the  form  does  not  require 
any  further  addition ; but  these  will  be  con- 
sidered, generally,  as  they  arise.  For  the 
present,  it  will  be  well  for  the  Student  to 
consider  the  two  operations  as  distinct  ; and 
to  deal  firstly  with  FORM,  and  secondly  with 
DECORATION. 

In  Form-design  the  artist  considers  the 
design  for  the  intended  object,  after  the 
general  conditions  have  been  formulated 
according  to  the  requirements  of  Fitness  [t.e. 
fitness  : to  the  Function  or  intended  purpose 
and  use  of  the  object,  to  the  Material  of  which 
the  object  is  to  be  made  with  its  capabilities 
and  limitations,  and  to  the  particular  Con- 
struction or  methods  of  joining-together  that 
he  intends  to  adopt) ; and,  always  subject  to 
these  Conditions,  he  adds,  according  to  his 
artistic  individuality  or  “taste”,  such  further 
qualities  as — Variety  in  the  Mass-form,  and 
Proportion  of  parts  to  each  other  and  to  the 
whole  object. 

These  two  qualities — Variety  and  Proportion 
— when  superadded  to  the  Fitness  are  suffi- 
cient in  themselves  to  render  an  object  beauti- 
ful. Further  artistic  work  may  impart  other 
qualities,  e.g\  : — Richness,  Refinement,  Accent, 
&c.  ; but  they  are  not  absolutely  necessary. 
One  Vase  with  Variety  and  Proportion  super- 
added  in  the  Form,  though  without  any  deco- 
rative detail,  may  shew  a high  order  of  Beauty  ; 
while,  in  another  of  bad  Form,  the  faults  may 
be  a little  disguised  by  judicious  Decoration, 
but  they  can  not  be  eradicated  ; and  it  will 
always  be  low  in  the  scale. 

The  two  Branches  of  any  treatise  on  Applied 


Art  are : (i)  the  Elements,  and  (2)  the  Principle, 
which  govern  the  application  of  those  elements 
In  the  sister  - art  of  Gastronomies,  the  Cool 
manipulates  and  mingles  certain  Ingredient; 
according  to  certain  Recipes;  and  the  studen- 
will  perceive  the  analogy  between  the  Ingre- 
dients and  the  Elements,  and  between  the; 
Recipes  and  the  Principles. 

The  ELEMENTS  of  FORM  are  the  Geo- 
metrical  Solids,  e.g.  : the  Cylinder,  Prism, j 
Sphere,  Ovus,  Cone,  Hyperboloid,  Parallelo- 
piped,  &c.,  and  many  Irregular  forms  which 
need  not  be  particularised  here. 

The  ELEMENTS  of  DECORATION  are' 
Geometrical  Lines  and  Figures,  Ornament 
(see  the  author’s  second  course  of  Cantor: 
Lectures  on  “Artificial  Foliage”),  Natural 
Foliage  (see  the  author’s  first  course  of  Cantor 
Lectures  on  “Natural  Foliage”),  Artificial 
Objects  [e.g.  the  Garland,  Shield,  Festoon, 
Tablet,  Ac.),  Parts  of  Animals  [e.g.  the  Lion- 
head  for  the  Water-spout,  the  Lion-leg  for  the 
Foot-stool,  &:c.).  Animals  and  Compound- 
animals  [e.g.  the  Lion,  Gryphon,  &c.),  and, 
lastly,  the  Human-figure,  which  is  the  noblest 
of  all.  All  of  these,  except  the  Human-figure, 
will  be  seen  in  Meyer’s  “ Handbook  of  Orna- 
ment” (2nd  English  edition,  Batsford,  1894). 

A PRINCIPLE,  in  ordinary  language,  is 
the  underlying  universal  consideration  which 
governs  conduct  in  Daily-life,  e.g.  the  “Golden 
Rule”.  The  essence  or  spirit  of  this  is  ex- 
panded, embodied,  and  applied  in  detail  to 
particular  Places ; and  this  application  is 
termed  a By-law.  It  is  further  expanded,  in 
miore  detail  for  particular  Persons  ; and  this  is 
termed  a Rule  of  Etiquette. 

The  PRINCIPLES  in  APPLIED  ART  are 
analogous  ; but,  by  an  unfortunate  looseness 
of  idea,  in  some  lists  of  Principles,  there  has 
been  no  distinction  made  between  the  universal 
Principle  (that  is  right  under  all  conditions) 
and  the  local  Law  (that  is  limited  in  appli- 
cation, and  subject  to  be  suspended  in  opera-  : 
tion  by  the  higher)  ; nor  between  these  and 
the  minor  Rule  (that  is  applied  only  to  the 
small  details  in  their  “personal”  relation  to 
each  other) ; * and  the  undiscriminating  Dogma- 
tism, that  makes  the  less  of  as  much  im- 
portance as  the  greater,  has  caused  a hostile 
feeling  against  all  principles,  and  a desire  to 
“kick  over  the  traces”  in  the  restless  and  j 
capricious  search  for  so-called  “ Novelty”.  i 


* See  this  beautifully  expressed  in  “ the  Education  of  the 
World,”  by  Dr.  Temple  (the  present  Archbishop  of  Canter- 
bur}’)  published  in  “ Essays  and  Reviews,’’ 
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ij  These  Principles  are  : — Fitness,  Variety, 
Proportion,  Sympathy,  Expression,  ike.  It  is 
|l  impossible,  within  restricted  limits,  to  do  more 
«|  than  mention  their  importance  ; and  it  may 
.1  perhaps  be  more  useful  to  the  student  if  his 
I attention  is  directed  to  the  Laws. 

I The  FUNCTION  of  any  object  or  feature 
! of  an  object  is  the  intended  Purpose  or  Duty 
that  it  is  arrang-cd  to  serve  or  sustain,  - 
the  retainin.g-  of  the  Stems  in  a vcrlical  atti- 
tude, by  the  Flower-vase — or  the  permitting-  of 
an  easy  flow  of  Liquid,  by  the  Teapot-spout. 
Sometimes  several  Functions  are  served  by 
the  same  object,  e.g.  in  the  Greek  water- vase 
termed  the  Hydria  (the  first  sketch  in  fig.  2)  a 
vessel  that — (a)  the  women  carried  in  a hori- 
zontal attitude  resting  in  an  annular  Pad  on 
their  heads,  in  going  to  the  Spring  ; hence  its 
largeness  and  roundness  of  profile  at  the 
centre  of  gravity  (empty)  near  the  widest  part 
of  the  vessel — (b)  was  held  by  the  women 
under  the  bubbling  flow  ; hence  the  large  and 
strong  single  Handle  attached  to  the  neck— 
(c)  had  to  catch  as  much  water  as  possible  ; 
hence  the  wide  Mouth— (d)  had  to  be  lifted  by 
each  woman  to  her  head  ; hence  the  two  Side- 
handles — (e)  had  to  be  steady  when  carried  in  a 
vertical  attitude  on  the  head  ; hence  the  strong 
wide  Foot — (f)  had  to  prevent  splashing  as  the 
woman  w^alked  ; hence  the  contraction  from 
the  vase-shoulder  to  the  vase-neck.  So,  also, 
in  the  oil-vase  termed  the  Lekythos  (the  second 
sketch  in  fig.  2),  the  vessel  was — (a)  small  and 
suspended  from  the  girdle  ; hence  the  small 
strong  Handle — (b)  was  used  by  the  athletes 
for  anointing  themselves ; hence  the  swelling- 
out  of  the  neck  for  the  purpose  of  forming  a 
I Cup  (as  shown  by  the  dotted  lines)  from  which 
the  finger  might  easily  extract  a small  quan- 
tity as  required.  The  Greek  Vases,  of  the 
' great  period,  are  so  perfectly  beautiful  in  their 
Form  that  the  spectator  is  liable  to  overlook  or 
not  to  appreciate  the  no  less  perfect  fitness  for 
their  Function. 

Objects  are  Fc^x•TIONAI  ly-desigxet:)  when 
all  the  Purposes  or  Duties  for  which  they  are 
intended  arc  properly  considered  and  provided- 
for.  The  quality,  that  is  thereby  conferred 
upon  the  object,  is  termed  Functionality. 

The  Law  of  Fexctionality  is  the  first  and 
the  most  important  in  Applied-Art.  It  pre- 
scribes that  the  Form  shall  be  such  as  will  best 
serve  the  intended  Purpose  of  each  object.  No 
desire  for  Variety,  in  bulk,  curvature,  or 
texture,  may  be  permitted  to  interfere  with  this. 
Nor  should  Vis  inertia  or  indolent  Pleading 
of  Custom  be  allowed  to  prevent  the  student 


from  searchingly  considering  each  function  of 
each  part.  And  no  amount  of  clev'-r  handi- 
craft can  atone  for  neglect  of  thi.s  primar)'  I.aw. 
In  a competition  for  a Foot-  ' raper  to  be 
executed  in  Cast-iron,  some  years  ago  : or;  f 
the  models  shewed  two  cupid..,  about  6 ins. 
high,  holding  a piece  of  Drapery,  like  two 
maids  shaking  a carpet,  against  the  '.ipf,  r 
(‘dgc  of  which  the  foot  was  tf)  b'*  r-.p  1 '1  h. 

(wo  cupids  were  very  geod  rA  imj  ' , d 
mod(;lling;  but  the  artist  appeare-l  t .=  1:  v- 
overlookeul  the  fact  that  the*  problem  was;  — 
not  to  model  a cupid,  but  to  ?!•  si  fi  a I-  ..  f- 
scrai)er.  'I'he  result  was  ridiculou  . a a 1 ' 
and  disastnms  for  him  ; and  many  - f ' : 
objects  that  vulgarise  houses  result  fror 
similar  ignoring  of  this  first  and  great  * I. 

h'unctionality. 

Dlsregari)  of  Functionality  is  shewn  in  tl  • 
sketch  (the  first  in  fig.  i).  'Hie  arti  t may 


have  thought  that  the  strain  on  the  chair  was 
only  vertical  (shewn  by  the  arrow),  as  it  is  on 
a Stool  or  a seat  without  a back.  Hut,  when  a 
Back  is  provided,  and  the  sitter  leans  against 
it ; the  strain  becomes  ohlnjne  ; and  this  should 
be  provided-for  (as  shewn  in  the  second  sketch). 
'Hie  first  is  from  a set  of  chairs,  beautiful  in 
other  respects,  in  one  of  the  French  Palac-  s : 
perhaps  they  have  not  been  much  used  ^now 
they  are  merely  Show-objects) : if  they  had  to 
undergo  the  wear  and  tear  of  daily  life,  they 
would  soon  exhibit,  in  the  loose  joints  and 
ricketyness,  the  neglect  of  the  artist. 

FU  N C'f  I ON  AL 1 TV  includes  considerat  i,  -ns 
relating  to  the  Anthropic-size,  the  Ansation. 
and  the  Cleaning  of  Objects,  and  also  to  th? 
Avoidance  of  Injury-to-the-user,  and  of  Injury- 
to-thc-object. 

Axthroric-size  is  the  average  size  of  Man 
as  governing  the  size  of  the  Objects  that  he 
uses.  'I'hus  : — that  of  the  whole  body  is  neces- 
sary for  the  opening-space  of  Doors,  Arc.,  both 
in  height  and  width — the  height  of  his  Breast 
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is  necessary  for  that  of  Parapets — the  height 
of  his  Knee-joint  is  necessary  for  that  of  Seats 
— the  height  of  his  Hand  is  necessary  for  that 
of  Door-handles  and  Chair-backs — the  size  of 
his  hand  for  that  of  Handles  of  Doors,  &c. — 
the  size  of  his  fingers  for  that  of  Teacup- 
handles,  &c. — the  length  of  his  foot  for  the 
breadth  of  a Stair-tread — and  the  length  of 
his  down-hill  Step  is  taken  for  that  of  the 
Stair-riser  and  Stair-tread  together. 

Disregard  of  Anthropic-size  is  seen  in  the 
Steps  round  the  Parthenon,  and  in  other 
Temples.  The  height  of  the  Riser  and  the 
breadth  of  the  Tread  are  too  great ; hence,  in 
some  Temples,  smaller  Steps  of  anthropic-size 
were  cut-out  or  interpolated  at  the  entrances. 
When  the  Anthropic-size  is  considered  in  a 
building,  in  the  Steps,  the  Seats,  the  Doors, 
and  other  parts  ; then  the  spectator  can  better 
assess  and  appreciate  the  Size  of  the  building. 
The  church  of  St.  Peter’s,  on  the  Vatican  Hill, 
at  Rome  is  an  instance  of  the  manner  in  which 
the  colossal  size  of  the  building  loses  its 
impressiveness  by  reason  of  the  colossal  size  of 
the  details  and  disregard  of  Anthropic-size. 

Ansation  is  important  in  all  objects  that 
are  carried.  The  artist  takes  this  into  his 
thought,  considering  the  number,  position, 
attitude,  &c.  of  the  Handles  ; and  so  making 
them  characteristic  and  expressive  features  in 
his  design.  M.  Viollet  le-Duc,  in  the  sixth  of 
his  fine  analytic  and  suggestive  “ Entretiens”, 
i860,  shews  the  arrangement  of  handles  when 
a Vase  must  be  reversed  for  draining.  Dr. 
Christopher  Dresser,  in  his  useful  books  : 
“The  Art  of  Decorative  Design”,  1862,  at 
PP-  133  et  seq.,  and  “The  Principles  of 
Decorative  Design  ” (about  15  years  later),  at 
pp.  139  ct  seq.,  has  reasoned-out  the  applica- 
tion of  the  Handle  in  relation  to  the  dis- 
tributing of  liquid  from  the  vessel.  Two 
sketches  of  fig.  2 arc  adapted  from  his 


illustrations.  The  third  sketch  is  for  ay5/^<?- 
spout  W ater-can  ; and  the  fourth  sketch  is  for 
a //y5-spout  Water-can.  In  each  case— the 
Centre-of-gravity  of  the  vessel  (when  full)  is 
found,  as  marked  by  the  Dot  in  the  two 
sketches.  A Line  (termed  the  Delivery-line) 
is  drawn,  from  this  Dot,  to  the  lowest  point  at 


which  the  liquid  is  delivered.  From  this  Dot,  . 
and  at  right-angles  to  the  Delivery-line,  a | 
Line  (termed  the  Suspension-line)  is  drawn  in  ! 
an  upward  direction.  When  the  Distributing-  1 
handle  is  on  this  Suspension-line,  then  the  1 
vessel  is  most  easily  manipulated. 

DISREGARD  of  Ansation  is  seen  in  most 
Tea-pots  : all  who  have  to  pour- out  tea  will 


Fig.  3. 

have  felt  the  great  disadvantage  of  the 
Position  of  the  handles.  Another  example  is 


shewn  in  fig.  3 in  which  the  Vase,  described 
(among  others)  as  being  “ in  the  highest  sense 
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generally  from  admirable  designs  by 
the  great  artists  of  Germany”,  is  furnished 
with  attached  extraneous  pieces  of  Ornament 
in  such  a manner  that  the  would-be  user  can 
not  hold  it  to  drink-from,  either  by  the  Side- 
handles  or  the  Stem-handle.  'J'he  Vase  is 
shewn  in  fig.  4 with  the  Ansation  corrected. 
(It  is  necessary  here  to  explain  that  this  and 
nearly  all  the  figures  are  from  rough  sketches, 
such  as  were  made  on  the  Black-board  ; and, 
beyond  elucidating  the  Law  involved,  make  no 
pretension  to  be  Designs.) 

All  Movable  Objects,  which  have  to  be 
lifted  from  one  position  to  another,  should 
either  be  ansated  or  be  provided  with  some 
conspicuous  Knob  or  plain  portion  that  may  be 
grasped  with  efficiency  and  comfort.  When 
the  maid  is  uncertain  what  she  should  take- 
hold-of  for  the  purpose  of  lifting  the  chair  or 
pulling  down  the  chandelier — then  the  artist  is 
in  fault. 

Cleaning,  or  provision  for  efficient  and 
easy  cleaning,  is  important  in  all  objects  that 
are  used.  The  inside  of  the  Jug,  and  face  of 
the  Mirror,  will  occur  to  everyone. 

I^ISREGARD  of  this  is  Seen : — in  the  elabo- 
rately-chased chamber-candlestick,  that  be- 
comes clogged  with  overflowing  wax — in  the 
pot  Jug  with  neck  too  small  to  admit  the 
hand  (if  the  artist  plead  that  the  smallness  of 
the  neck  gives  character  to  his  design  and  that 
he  cannot  do  without  it : then  he  has  mistaken 
his  vocation) — in  the  carved  Mirror-frame 
” decorated”  by  the  Swag-festoons  that  over- 
hang the  Glass,  causing  the  leaving  of  dirty 
places  or  the  risk  of  breakage  as  each  weekly 
Cleaning-day  comes  round — and  more  examples 
will  occur  to  every  Housewife. 

Injury  to  the  User  must  be  foreseen  and 
prevented,  by  the  avoidance  of  sharp  edges 
and  spikey  relief-work,  and  generally  by  the 
introduction  of  smoothness  and  softness,  so  far 
as  is  practicable,  in  all  places  within  reach  of 
Traffic  or  Use.  Without  going  so  far  towards 
the  other  extreme  as  to  provide  Padded-rooms, 
the  artist  may  yet  take  care,  in  these  days  of 
feverish  hurry  and  rushing-about,  that,  in  the 
Mouldings  of  Passage-ways,  &c.,  and  in  the 
Metal-fittings  of  Doors,  tVc.,  there  shall  be  no 
projecting  blocks  to  “ bark  the  shins  ” or 
“ skin  the  knuckles  ” of  the  user. 

Disregard  of  this  will  be  seen  in  the 
Chair-back  that  tears  the  Lady’s  dress  by  its 
prickly  ornament — in  the  wrought-iron  support 
to  the  Wash-bason  that  becomes  entangled  in 
the  dress — in  the  Screws  of  the  Door-handle 
that  are  not  ” driven-home  ” — &c. 


Injury  to  the  Oi'.jkci  by  the  Use  mu:  t 
equally  be  avoid<  d.  An  intere  ‘ing  exampl:* 
of  this  is  seen  at  Pompei,  \vhf*re  th;-  arri- 
shewing  an  angle  of  about  loo  to  121.  botwi-on 
the  flutes  of  the  flrcr-k  I)ori<  C^.Iunn.  v t'- 
damaged  by  the  'fraffic  ; and  wh'-p-,  r m •- 
quently,  the  flutes  are  filh-d-up  with  - f, 
making  facets  only,  with  arri  -f  i;;.]  , 

which  is  much  more  obtu‘-^’,  and  th-  r-  f u.  1*  s 
liable  to  injury. 


Miscellaneous. 

♦ 

A NATIONAL  PHYSICAL  LA  POP  ATOPY. 

The  committee  appointed  in  A unjust,  1807,  t 
consider  the  desirability  of  c.'.tabli>hinf;  a X.iti<in..l 
Physical  Laboratoiy  have  issued  their  rcjxirt.  'J  he 
committee  consisted  of  Lord  Kaylei4,fh,  L.R.^. 
(chairman).  Sir  Courtenay  P>oyle,  K.C.lL,  .-^ir 
Andrew  Noble,  K.C.B.,  F.K.S.,  Sir  John  Wolic 
Barry,  K.C.B.,  F.R.S.,  Ihof.  \V.  C.  Rolxjrt  - 
Austen,  C.B.,  F.R.S.,  Mr.  Robert  Chalmers,  Pn)f. 
A.  W.  Rucker,  F.R.S.,  Mr.  Alexander  Siemen-. 
and  Dr.  T.  E.  Thorpe,  F.R.S.  The  questions  re- 
ferred to  them  were  as  follows : — 

“To  consider  and  report  uj)on  the  desirability  of 
establishint^  a National  I’hysical  Laboratory  for  the 
testing  and  verilication  of  instruments  for  physical 
investigation  ; for  the  construction  and  prescr^alton 
of  standards  of  measurement ; and  for  the  systematic 
determination  of  physical  constants  and  numerical 
data  usefid  for  scientific  and  industrial  puqmscs  - 
and  to  report  whether  the  work  of  such  an  institution, 
if  established,  could  be  associated  with  any  testing  or 
standardising  work,  already  performed  wholly  or 
partly  at  the  public  cost.” 

The  following  extracts  from  the  report  of  the  com- 
mittee are  given  by  Xottur 

In  general,  the  committee  are  ot  opinion  that  tho 
appliances  and  lacilitics  of  the  Standards  Office  and 
of  the  Electrical  Standardising  Laboratory  are  fairly 
adequate  for  the  jrcrformance  of  their  statutory  duties. 
They  understand,  however,  that  on  account  of  the 
want  of  means  for  the  chemical  analysis  of  the 
materials  used  in  the  construction  of  standards,  those 
offices  would  find  some  difliculty,  without  extraneous 
assistance,  with  regard  to  any  new  stanvlau;s  ih.it 
might  be  reejuired. 

Thev  further  desire  to  point  out  that  many  ph\;ical 
constants  and  data  and  numerical  cxpre^sions  .no 
necessarilv  used  in  connection  with  stauvlari.s  and  the 
Standardising  of  instruments.  Seme  ot  the  data  nmv 
in  use  at  the  Standards  Otfice  are  known  to  lequiie 
ccnection,  and  in  the  case  ot  others  luither  inxesiiga- 
tions  airp.car  to  be  desirable.  There  is.  howe\cr.  no 
legal  ob’igation  on  the  Board  ot  Irade  to  cslablis 
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new  data  and  numerical  expressions,  and,  in  con- 
sequence of  the  smallness  of  the  staff  of  the  office, 
the  work  of  the  Department  is  limited  to  that  which 
is  strictly  enjoined  by  the  Acts  of  Parliament.  The 
Department  is  at  the  present  time  chiefly  dependent 
for  more  exact  knowledge  on  such  investigations  as 
may  be  undertaken  at  the  Bureau  International  des 
Poids  et  Mesures  at  Paris,  or  by  foreign  institutions 
similar  to  that  contemplated  in  this  country. 

There  is  much  evidence  that  further  facilities  are 
needed  by  the  public  for  standardising  and  verifying 
of  instruments,  both  for  scientific  and  commercial  use ; 
and  also  that  it  would  be  of  great  benefit  to  trade  if 
means  were  provided  for  the  public  testing  of  the 
quality  of  certain  classes  of  materials.  In  particular 
the  committee  desire  to  draw  attention  to  the  evidence 
which  has  been  laid  before  them  as  to  the  difficulties 
arising  in  certain  Government  departments  in  their 
dealings  with  contractors  and  others  which  might  be 
overcome  by  the  establishment  of  an  independent 
testing  authority.  It  would  neither  be  necessary  nor 
desirable  to  compete  with  or  interfere  with  the  testing 
of  materials  of  various  kinds  as  now  carried  out  in 
private  or  other  laboratories  ; but  there  are  many 
special  and  important  tests  and  investigationc  into 
the  strength  and  behaviour  of  materials  which  might 
be  conducted  with  great  advantage  at  a laboratory 
such  as  is  contemplated  in  the  reference.  As  illustra- 
tions we  may  mention  investigations  into  the  be- 
haviour of  metals  and  other  substances  under  con- 
tinuous or  alternating  stresses,  which  investigations 
are  not,  so  far  as  we  know,  conducted  at  the  present 
time  at  any  testing  institution  in  this  country,  and 
which  could  only  be  undertaken  with  satisfactory  and 
authoritative  results  at  a public  laboratory. 

For  many  years  the  testing  of  certain  instruments 
has  been  earned  out  at  the  Kew  Observatory  under 
the  direction  of  the  Kew  Observatory  Committee  of 
the  Royal  Society.  There  is  much  evidence  that  the 
existence  of  these  tests  has  been  of  great  benefit  to 
both  science  and  industry.  On  the  one  hand  it 
enables  the  maker  to  give,  or  the  purchaser  to  obtain, 
an  independent  and  trustworthy  statement  as  to  the 
quality  of  the  instrument.  On  the  oflrer  hand,  the 
existence  of  the  tests  has  led  in  many  cases  to  a 
marked  improvement  in  the  instruments ; and  similar 
results  may  be  anticipated  by  an  extension  of  these 
facilities  to  other  branches  of  industry. 

The  Kew  Observatory  is  a Government  building 
leased  to  the  Royal  Society  at  a nominal  rent,  situate 
in  the  Old  Deer  Park,  Richmond,  which  is  Crown 
property.  The  institution  has  no  endowment,  the 
Gassiot  Fund  producing  about  per  annum. 

From  the  Meteorological  Office  it  receives  annually 
^400,  part  of  which  is  the  ordinary  grant  made  to  a 
first-class  meteorological  station,  the  remainder  being 
for  scientific  assistance.  The  fees  received  for  the 
verification  and  testing  of  instruments  amount  to 
about  ;,^2,ooo  per  annum.  The  institution  is  self- 
supporting,  and  has  usually  a small  annual  balance 
which  is  devoted  to  scientific  investigation  and  to  the 


extension  of  the  work,  including  the  erection  of  new 
buildings,  when  required.  The  funds  at  the  disposal 
of  the  Observatory  Committee  are,  however,  quite 
inadequate  to  any  considerable  extension  of  its  opera- 
tions. The  work  done  with  restricted  means  has  been 
veiy'  useful.  The  total  number  of  instruments  annually 
verified  or  tested  is  about  22,000.  Among  these  are 
included  watches,  thermometers,  sextants,  barometers, 
and  other  apparatus  used  for  scientific  or  industrial 
purposes.  Evidence  was  given  of  the  beneficial  effect 
which  Kew  has  exerted  on  the  watchmaking  trade, 
and  it  is  noteworthy  that  this  is  due  to  the  intro- 
duction of  tests  for  which  there  was  little  or  no 
previous  demand  on  the  part  of  the  trade,  though 
there  is  now  keen  competition  among  the  best 
makers  to  secure  a high  place  in  the  report  which  is 
annually  issued. 

In  the  opinion  of  the  committee  the  principles 
which  underlie  the  proposal  for  the  establishment  of  a 
national  physical  laboratory  have  been  tested  on  a 
comparatively  small  scale  at  the  Kew  Observatory 
with  the  most  satisfactory  results. 

In  addition  to  the  physical  constants  and  numerical 
data  needed  in  connection  with  standards,  there  are 
numerous  facts,  a knowledge  of  which  would  be  of 
great  value  to  science  and  industr}’.  The  determina- 
tion of  such  data  usually  involves  an  investigation  as 
to  the  method  of  making  the  determination,  and  a 
considerable  expenditure  of  skilled  labour  in  carrying 
out  the  determination.  The  committee  are  of  opinion 
that,  although  the  former  part  of  this  work  will  in 
general  be  initiated  by  individual  experimenters  of 
great  skill  and  originality,  it  may  in  special  casei  be 
usefully  undertaken  by  a public  body.  It  is  rather  to 
the  improvement  in  the  details  of  the  method  of 
making  the  determination  that  they  think  that  the 
work  of  a public  institution  will  for  the  most  part  be 
directed.  This  cannot  usually  be  carried  out  by 
private  investigators  on  account  of  the  expense  and 
the  length  of  time  over  which  the  experiments  must 
extend.  The  scientific  reputation  to  be  gained  is 
often  incommensurate  with  the  labour  involved ; and 
even  when  the  results  are  of  industrial  importance  in 
many  cases  they  cannot  be  protected  by  patents. 

There  is  evidence  that  many  questions  of  this 
nature  are  partially  investigated  for  technical  pur- 
poses by  private  persons,  the  results  being  not  in- 
frequently kept  secret.  More  complete  investigations, 
carried  out  at  a public  institution  and  freely  published, 
would  often  be  of  great  service  to  industry,  and  there 
is  reason  to  be  believe  that  a large  part  of  the  cost  of 
such  work  might  be  defrayed  by  the  persons  directly 
interested  in  the  results. 

One  difficulty  in  connection  with  a scheme  for  the 
detennination  of  constants  and  data  arises  from  the 
fact  that  the  number  of  subjects  which  might  be 
pressed  for  investigation  would  be  very  large.  The 
opinion  was,  however,  generally  expressed  by  the 
witnesses  that  a strong  governing  body  would  have  no 
difficulty  in  selecting  those  branches  of  work  which 
were  the  most  ^iportant,  and  that  it  would  be 
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possible  to  confine  the  work  of  the  proix)scd  institu- 
I tion,  if  established,  within  moderate  limits.  Nearly 
all  the  witnesses,  also,  have  expressed  the  opinion 
that  those  interested  in  industry  as  well  as  j^ersons 
devoted  to  the  study  of  pure  science  would  be  willinj^ 
that  the  Royal  Society  should  be  ultimately  re- 
sponsible for  the  management  of  the  ])roposed 
institution,  provided  that  industry  were  adequately 
represented  on  the  governing  body,  and  that  the 
choice  of  the  members  of  that  body,  though  nominated 
' by  the  Council  of  the  Royal  Society,  were  not  con- 
fined to  Fellows  of  the  society. 

After  consideration  of  the  evidence,  the  committee 
have  come  to  the  conclusion  that  an  institution  should 
be  established  for  standardising  and  verifying  instru- 
ments, for  testing  materials,  and  for  the  determination 
of  physical  constants.  Work  useful  both  to  science 
and  industry  could  therein  be  performed  for  which  no 
adequate  provision  is  at  presnt  made,  either  in  this 
country  or  at  the  Bureau  International  des  Poids  et 
Mesures.  Such  work  could  not,  or,  at  all  events,  in 
all  probability  would  not,  be  undertaken  by  individual 
workers,  or  by  institutions  primarily  devoted  to  educa- 
tion. In  the  opinion  of  the  committee  the  proposed 
institution  should  be  established  at  the  national  ex- 
pense on  lines  similar  to,  though  not  at  present  on 
the  scale  of,  the  Physikalisch-technische  Reichsan- 
stalt.  The  possibility  of  future  extension  should, 
however,  be  kept  in  view  from  the  first. 

To  secure  the  efficient  performance  of  the  work 
the  committee  are  of  opinion  that  the  director  of  the 
institution  should  be  a man  of  high  scientific  attain- 
ments, and  should  act  under  a governing  body  con- 
taining representatives  of  both  science  and  industry. 
The  director  should  not  be  called  upon  or  allowed  to 
undertake  work  not  connected  with  the  institution, 
except  with  the  consent  of  the  governing  body.  He 
would  require  the  support  of  an  adequate  staff.  As 
regards  locality,  while  it  is  desirable  that  the  insti- 
tution should  be  near  London,  it  is  necessary  that 
the  site  be  free  from  mechanical  and  electrical  dis- 
turbance. 

Among  the  most  important  questions  considered 
by  the  committee  was  whether  the  proposed  institu- 
tion should  be  founded  independently  or  should  be  a 
development  of  an  existing  institution.  The  duties 
of  the  Board  of  Trade,  as  custodian  of  certain 
standards,  are  defined  by  statute,  and  the  committee 
consider  that  it  is  undesirable  to  alter  existing 
arrangements  in  this  respect.  They  are  of  opinion 
that  the  proposed  laboratory,  if  established,  should 
be  managed  by  a governing  body  constituted  and 
appointed  as  hereinafter  described,  and  should  not  be 
under  the  direct  control  of  a Government  department. 
They  recommend  that  the  Board  of  Trade,  as  cus- 
todian of  the  standards,  should  be  placed  in  close 
connection  with  the  said  governing  body. 

The  character  of  the  work  done  at  the  Kew 
Observatory  suggests  that  all  that  is  really  necessary 
might  be  attained  by  the  development  of  that  institu- 
tion. 


R KCOM  \f  r:.\i>.\TioNs. 

(i.;  'I'hat  a |;ublic  institution  should  be  founded  for 
standardising  and  verifying  in->tnuncnt^,  for  te.ling 
materials,  and  for  the  determination  of  plr,  deal  con- 
stants. 

(2.)  lhat  the  institution  should  l>c  crdabli-fficd  by 
extending  the  Kew  Observatory  in  the  ( fUl  Deer 
Park,  Richmond,  an«i  that  the  scheme  hould  include 
the  improvement  of  the  existing  building  and  the 
erection  of  new  buildings  at  .->ome  distance  fr^mi  the 
j)iesent  observatory. 

(3.)  lhat  the  Royal  .Society  .-.hould  t;e  invited  to 
control  the  j.roposed  institution,  and  to  nominate  a 
governing  body,  on  which  commercial  interest-.  -houM 
be  represented,  the  choice  of  the  mcmlrcr-  vuch 
body  not  being  confined  to  Fellows  of  the  -xjiefv, 

(4.)  l hat  the  Permanent  .Secretar}-  of  the  Board  of 
Iradc  shall  be  an  ex-oj/zc/o  member  of  the  g<-  -rn- 
ing  body,  and  that  such  body  shall  be  comultcd  l.y 
the  Standards  Office  and  the  Electrical  Standanl- 
ising  Department  of  the  Jioard  of  Trade  upon  flifficult 
questions  that  may  arise  from  time  to  time,  or  a-  to 
proposed  modifications  or  developments. 


FLAX  CULTURE  IN  THE  UNITED  STATES. 

The  historical  records  of  the  United  States  show 
that  flax  culture  was  one  of  the  earliest  of  colonial 
industries,  and  until  comparatively  recent  year-,  the 
culture  and  manufacture  of  flax  in  America  have  l>een 
household  industries.  American  colonists  brought 
with  them  the  art  of  raising  flax  and  of  j)reparing  anil 
spinning  it  by  hand,  and  even  fifty  years  ago  the 
custom  prevailed  among  fimners  of  growing  flax  and 
having  it  retted,  scutched,  hackled,  and  spun  by 
members  of  their  household.  In  tlie  histor\-  of  Lynn, 
Massachusetts,  it  is  stated  that  about  the  ye.ar  1630. 
“ they  raised  considerable  quantities  of  flax,  which 
was  retted  in  one  of  the  ponds,  thence  called  Flax 
Pond.”  As  early  as  1662  the  State  of  Virginia 
enacted  that  each  poll  district  should  raise  annually 
and  manufacture  six  ])ounds  of  linen  thread.  All  the 
records  of  New  England  also  give  evidence  of  an 
earnest  desire  to  promote  the  cultivation  of  flax  and 
its  manufacture.  In  a report  to  the  United  States 
Department  of  Agriculture  by  the  special  agent  in 
charge  of  the  office  of  fibre  investigations,  it  is 
stated  that  about  1778,  a number  of  colonists  arrived 
from  Londonderry,  bringing  with  them  manu'.actureii 
fabrics  of  linen,  and  the  imiflements  used  in  their 
manufacture  in  Ireland.  The  matter  A\as  e.irnestly 
taken  up  by  the  Bostonians,  and  a vote  passed  to 
establish  a spinning  school.  About  1721.  at  Newjwrt, 
Rhode  Island,  “hemp  or  flax  used  to  l>e  received  in 
payment  of  interest,  the  former  at  8d.,  and  the  latter 
at  lod.  per  pound.”  Pennsylvania  oft'ered  premiums 
for  several  grades  of  linen  thread  in  1753.  and  the 
Society  for  the  Promotion  of  Arts,  Agriculture,  .and 
Economy,  of  New  York,  after  adopting  resolutions  to 
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arrest  the  importation  of  British  goods,  offered 
premiums  for  linen  thread.  The  early  records  of 
Rhode  Island  develop  further  interesting  facts  con- 
cerning an  association  of  plantation  maidens  about 
1766.  The  order  was  known  as  the  Daughters  of 
Liberty.  It  is  not  necessary,  however,  to  go  back  a 
hundred  years,  or  even  iifty  years,  to  learn  the  story 
of  American  household  linen  manufacture,  for  a 
remnant  of  the  industry  still  exists  in  the  mountains 
of  Virginia,  North  Carolina,  and  Tennessee,  and  an 
interesting  series  of  the  fabrics  made  in  these  localities 
in  recent  times  has  been  secured  for  the  United  States 
National  Museum.  Sixty  years  ago,  about  750,000 
pounds  of  flax  fibre  were  produced  in  the  United  States, 
and  flax  was  sent  to  market  from  Connecticut  that 
was  as  strong  and  as  good  as  any  raised  in  the  United 
States  at  the  present  time.  Very  strong  and  flexible 
flax  also  came  from  northern  New  York  £ind  Vermont, 
but  it  was  not  clean.  The  poorest  flax  of  those  days 
came  from  New  Jersey,  although  it  is  said  that  that 
State  has  been  capable  of  growing  flax  equal  to  that 
of  Archangel.  At  the  present  time  flax  is  largely 
grown  in  the  United  States  for  seed,  the  straw,  of 
inferior  quality,  Avhen  used  at  all  going  to  the  tow 
mills  or  the  paper  mills,  and  being  worth  from  4s.  2d. 
to  33s.  qd.  a ton.  In  the  older  States  the  area  under 
present  cultivation  is  very  small  and  is  steadily  de- 
creasing. In  the  newer  States,  or  States  Avhere  agri- 
culture is  being  pushed  steadily  westward  from  year 
to  year,  the  area  under  cultivation  about  holds  its  own 
taking  one  season  with  another.  Cultivation  for  fibre 
is  beginning  to  attract  attention  however,  and  the 
Department  of  Agriculture  is  striving  to  re-establish 
this  important  industry  in  the  United  States.  By 
experimentation  in  fifty  or  more  localities  in  the 
United  States  where  flax  cultivation  was  thought 
possible,  the  Department  has  proved  the  fallacy  of 
the  opinion  widely  prevalent  less  than  a decade  ago, 
that  flax  could  not  be  produced  commercially  in  the 
United  States.  By  these  experiments  it  has  not  only 
been  proved  that  commercial  flax  production  is 
possible,  but  that  good  fibre  and  good  seed  with  care- 
ful culture  can  be  produced  in  the  same  plant.  The 
most  im})ortant  results  have  been  obtained  on  the 
Pacific  coast,  where,  as  in  the  Puget  Sound  region  of 
Washington,  an  ideal  flax  climate  has  been  discovered. 
Experiments  here  have  shown  that  for  flax  culture  the 
Puget  Sound  region  is  the  equal  in  climate  to  some 
of  the  best  flax-producing  regions  of  Europe.  The 
superior  quality  of  straw  produced,  which  resembled 
the  straw  of  the  famous  Courtrai  region  of  Belgium 
attracted  the  attention  of  the  Barbour  Company  of 
Lisburn,  Ireland,  resulting  in  this  firm  undertaking  a 
retting  experiment  in  Ireland  with  a ton  of  Puget 
Sound  straw.  The  experiment  demonstrated  that 
it  is  possible  to  produce  very  fine  fibre  and  good  seed 
in  the  same  plant.  It  is  stated  that  if  the  flax  is 
grown  and  manipulated  under  proper  conditions,  and 
by  p.eople  who  thoroughly  understand  their  business, 
in  Puget  Sound,  the  cultivation  of  it  would  be  of  the 
greatest  importance,  and  in  a short  time  would  rival 


the  great  Belgian  district  of  Courtrai.  The  flax  plant 
is  now  wudely  distributed  throughout  the  world.  It 
is  cultivated  in  portions  of  South  America,  especially 
in  Argentina,  though  more  for  seed  than  for  fibre.  It 
is  produced  commercially  to  a greater  or  less  extent  j 
in  Great  Britain  (Ireland  especially),  Sweden,  Den-  • 
mark,  Holland,  Belgium,  France,  Holland,  Germany,  ' 
Austria,  Spain,  and  Portugal.  It  has  been  intro- 
duced into  Algeria,  and  into  Natal.  In  India  large 
tracts  are  under  cultivation,  though  more  for  the  seed 
crop  than  for  the  fibre.  Japan  has  introduced  its  cul- 
tivation commercially,  and  it  has  been  experimented 
with  in  the  Australian  colonies,  where  there  is  a wide 
range  of  soil  and  climate  suited  to  its  growth.  The 
special  agent  of  the  Department  of  Agriculture  says  : -- 
“ There  is  no  doubt  about  the  ability  of  tlie  inhabit- 
ants of  the  United  States  to  grow  commercial  llax  if 
the  people  v/ill  only  make  beginnings,  and  go  to  woiL 
in  earnest  with  the  idea  in  view  first,  to  establish  the 
industry,  and  to  make  money  out  of  it  afterwards. 
The  time  is  ripe  for  the  establishment  of  the  industry, 
as  is  proved  by  the  profound  interest  that  has  been 
awakened  in  our  experiments  by  foreign  manufac- 
turers.” 


OLIVE  AND  VINE  CULTIVATION  IN 
TUNIS. 

The  olive  tree  promises  in  the  future  to  become  the 
most  important  asset  of  the  Regency  of  Tunis.  The 
wild  olive  is  indigenous  to  the  mountains  of  North 
Africa,  and  it  is  quite  possible,  says  Sir  H.  Johnston, 
H.M.  Consul-General,  that  its  cultivation  by  man 
commenced  in  Tunis.  There  are  said  to  be  about 
12,000,000  olive  trees  in  Tunisia.  The  cultivation  of 
olives  has  greatly  increased  since  the  French  occu- 
pation. The  soil  which  is  thought  to  be  the  best  for 
the  cultivation  of  the  olive  is  gravelly  or  sandy  soil  on 
a rocky  subsoil.  Clayey  land  is  thought  to  be  bad. 
The  method  of  cultivation  is  as  follows  : — Holes  of 
about  one  foot  and  a half  in  depth  are  dug  at  intervals 
of  about  24  yards.  This  is  done  at  the  commence- 
ment of  the  autumn  so  that  the  autumn  rains  may 
soak  the  ground.  The  holes  also  ai'e  arranged  in  such 
a manner  that  they  shall  be  situated  on  squares  of  24 
yards  every  way,  every  effort  being  made  to  get  them 
in  irreproachably  straight  lines.  Cuttings  are  then 
made  from  the  trunks  of  old  olive  trees.  These 
appear  to  be  pieces  of  wood  about  ten  inches  long  and 
four  inches  thick  retaining  on  one  side  the  bark.  If 
possible  these  pieces  are  cut  from  the  trunk  of  the  tree 
below  the  ground.  They  are  usually  purchasable  at 
twenty  shillings  the  100.  These  cuttings  may  remain 
as  long  as  two  vreeks  exposed  to  the  sun,  so  that  their’ 
transport  is  very  easily  effected  from  place  to  place. 
If,  however,  it  is  desired  to  keep  them  for  even  a 
longer  period  they  are  temporarily  buried  in  the  soil. 
Planting  takes  place  between  December  and  March, 
and  if  insufficient  rain  falls  the  holes  are  well  irrigated. 
The  cutting  is  placed  at  the  bottom  of  the  hole  with- 
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out  manure  ; earth  is  pressed  round  it  and  thrown 
loosely  on  the  top  to  a depth  of  about  ten  inches.  In 
the  spring  time  the  young  shoots  begin  to  ajrpear,  and 
the  filling  up  of  the  hole  is  left  to  the  wind  and  to  the 
]-)assage  of  the  plough  up  and  down  the  avenues  be- 
tween the  trees.  Young  plantations  are  irrigated  three 
times  during  the  summer  of  the  first  year  and  sometimes 
during  the  second  year.  During  the  ten  years’  growth 
of  the  young  olive  tree,  it  is  prudently  j)runed  in  such  a 
manner  as  to  give  it  a well-balanced,  rounded  form, 
with  the  principle  branches  at  fairly  ecjual  distances, 
so  that  the  air  may  circulate  easily  between  them. 
Up  to  the  sixth  year  of  the  plantation  other  cultiva- 
tions are  carried  on  between  the  olive  trees,  such  as 
barley  or  beans.  After  the  sixth  year,  however,  no 
further  cultivation  takes  place  between  the  olives,  for 
which  henceforth  the  land  is  exclusively  reserved. 
The  commonest  species  of  olive  tree  which  yields  the 
most  oil,  is  called  by  the  Arabs,  “.Shemlali.”  This 
variety  is  never  grafted,  but  on  to  the  Shemlali  stock 
are  often  grafted  other  varieties,  such  as  the  “ Mel- 
lahi  ” and  the  “Nab,”  and  another  kind  called  the 
“Nab  Reshid.”  The  Shemlali  is  the  kind  mainly 
used  for  making  olive  oil,  the  other  sorts  are  for  the 
table  and  for  eating.  The  best  table  olive  is  the 
Mellahi,  the  fruits  of  which  are  nearly  the  size  of  a 
small  apricot.  It  is  this  variety  which  is  chiefly  ex- 
ported to  Europe  for  salting  and  bottling.  Olive 
trees  begin  to  bear  fruit  sometimes  in  the  third  year 
of  growth.  At  six  or  seven  years  old  the  trees  may 
give  as  much  as  two  or  three  quarts  of  fruit,  but  the 
true  regular  yield  does  not  commence  until  they 
are  ten  years  old.  Fine  trees,  twenty  years  old, 
may  ha\e  a yield  of  200  quarts  of  fruit  per  annum. 
The  olive  tree  blossoms  in  April  and  May,  and  the 
fruit  is  ripe  in  October  and  November,  but  the  harvest 
is  not  over  till  the  end  of  January.  The  olive  varies 
in  the  extent  of  its  productiveness.  Two  full  harvests 
are  never  gathered  from  the  same  tree  on  two  suc- 
cessive years.  It  is  considered  that  three  years 
give  about  the  average  yield  of  a tree,  one  good 
year,  one  medium,  and  one  bad.  The  olives  com- 
ing from  very  young  trees  give  under  the  mill  10 
per  cent,  of  their  weight  in  oil.  As  the  trees  increase 
in  age,  so  the  yield  of  oil  from  the  fruit  increases 
likewise,  until,  when  the  olive  tree  has  reached  its 
prime,  the  crushed  fruit  may  give  18  to  20  per  cent, 
of  its  weight  in  oil  in  the  Arab  mills,  and  as  much  as 
30  per  cent,  in  the  oil  presses  of  European  con- 
struction. The  olive  would  appear  to  attain  an 
indefinite  age,  stretching  beyond  the  present  limits  of 
human  experience,  and  its  productiveness  has  likewise 
no  limit.  It  is  said,  however,  that  after  50  years, 
there  comes  a period  when  the  yield  of  fruit  diminishes, 
and  that  the  Arabs  then  restore  vigour  to  the 
exhausted  tree  by  means  of  pruning  and  manure. 
The  present  annual  production  of  olive  oil  in  Tunisia 
exceeds  20,000  tons,  estimated  at  a value  of /6oo,ooo. 
As  regards  viticulture,  the  production  of  wine  from 
the  rineyards  of  the  Regency  in  1895  le^iched  the 
figure  of  3,762,000  gallons.  In  1896,  on  account  of 
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the  drought,  it  sank  to  2,662,000  gallons.  The 
average  value  of  the  yearly  cxjx)rt  of  wine  is  /'8o,ooo. 
'Jiicrc  are  said  to  be  more  than  1 7,230  acre,  of  \ir.c- 
yards  devoted  to  wine  making.  7 unisian  wine  is 
chiefly  of  good  quality,  and  the  re»l  wines  do  not 
suffer  deterioration  from  transjK>rt,  though  the  mo^t 
delicious  wine  of  the  country  - the  white  mu‘*c.-.t, 
^■cry  sweet  and  of  delicate  fl.ivour — wvmid  nf>t  stand 
being  kept  long,  or  being  exported  without  turning 
into  vinegar.  'Ihe  amount  of  alcohol  in  I unisi.-m 
wines  varies  from  8 to  13  degree-*.  7 here  arc  -aid  to 
be  five  varieties  of  grajic-  at  pre-ent  grown  in  diirfi-, 
aj)art  from  those  which  have  Ireen  intrfxliKed  from 
America.  7 he  most  e-.teemed  i-*  the  “ .\  di,”  which 
is  a round  white  grape  with  fine  skin,  very  rich  in 
sugar  . 7 here  are  two  other  white  and  yelh^w -while 

grapes  with  slightly  wrinkled  skin-.  Of  th'-  tw.-. 
varieties  of  black  grape  grrrwn  in  7'uni one  i-  of  the 
colour  and  aj)pearance  of  Jflack  lIand>ro’,  and  the 
other  is  a small  grape  of  a deep  reel  colour.  7'he  l>c-l 
grapes  come  from  Sfax.  7'he  more  or  less  Herlxrr 
inhabitants  of  7'unis — the  natives  of  the  idands  of 
Jerba  and  Kerkna,  and  elsewhere — made  and  drank 
wines  from  their  grapes  before  the  institution  of 
regular  vineyards,  subsequent  to  the  French  pro- 
tectorate ; but  amongst  the  stricter  Mohamm.idans, 
graj:>es  were  only  grown  and  sold  as  fruit.  There  are 
now  numerous  vineyards  along  the  north  and  ea  t 
coasts  of  Tunis  belonging  to  Europeans — Frenchmen, 
tw'o  or  three  Englishmen,  Maltese,  and  Italians.  A 
few'  raisins  are  prepared  and  sold  locally,  but  they  are 
not  sufficiently  remunerative  to  be  exported.  Raidns 
are,  however,  in  great  demand  in  Tunis,  and  figure 
considerably  in  the  imports  from  foreign  countries. 
It  is  said  that  the  \ineyards  round  Sfax  will  always 
be  able  to  resist  the  phylloxera  on  account  of  the 
peculiar  gravelly  soil.  Up  to  the  present  this  pe-t 
has  not  made  its  ajipearance  in  7'uni'ia.  It  is  >aiil 
also  that  the  cultivation  of  the  vine  might  be  extended 
far  more  widely  over  the  Regency.  It  would  probably 
grow  very  well  on  the  Matmata  I’lateau.  Pliny,  in 
his  “ Natural  History,”  praises  the  wine  which  wa- 
grown  in  the  7'ripolitainc  as  amongst  the  Ircst  reputed 
in  the  Roman  Empire.  Vinos  grow  luxuriantly  under 
the  palm  trees  in  the  oasis  of  the  Jerid.  but  .arc 
merely  cultivated  there  for  the  fruit  they  produce. 


COXSELS  AXD  TRADE. 

The  following  aiticle  on  the  important  questions 
relating  to  the  criticisms  of  Con-uls  on  Briti-h 
merchants,  and  on  the  influence  of  British  Consuls  on 
the  promotion  of  trade,  is  taken  from  the  Enoi/itcr  : 
For  years  past,  as  all  our  re.iders  arc  aware,  the 
British  Consul  in  every  country  where  a Con-ul  can 
exist,  has  censured  British  methods  of  ir.iding.  and 
told  the  manufacturer  and  the  merchant  that  his 
arrangements  for  selling  his  wares  are  unpractical, 
unsuitable,  and  wholly  defective  as  comp;rrcd  with 
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the  methods  in  vogue  with  our  rivals.  AA^e  cannot 
call  to  mind  a single  instance  in  which  a British 
Consul  has  a good  word  for  a British  trader.  It  is 
true  that  in  a very  limited  number  of  cases  it  is 
admitted  that  the  Englishman  pushes  trade  better 
than  the  German,  but  that  is  only  because  of  some 
wholly  abnormal  laxity  on  the  part  of  the  German 
trader ; and  such  admissions  only  seem  to  accentuate 
the  censure  which  we  have  come  to  expect  as  an 
essential  feature  of  a consular  report.  The  con- 
cession that  a man  may  occasionally  do  what  is  right 
imparts  an  air  of  faiiness  and  impartiality  to  the 
actions  of  those  who  wield  the  lash  with  no  unsparing 
hand.  An  old  proverb  tells  us,  however,  that  it  is 
“ a long  lane  that  has  no  turning,”  and  the  turn 
seems  to  have  come  at  last.  The  British  trader  is 
beginning  to  retaliate,  and  even  to  assert  that  much 
of  the  success  of  our  competitors  is  due,  not  to  the 
British  trader,  but  to  the  British  Consul  himself.  Some 
note  of  this  contention  has  reached  us  during  the  last 
few  weeks,  and  particularly  in  one  case,  wherein  we 
are  assured  that  the  British  trader  seeking  information 
has  had  to  apply  to  the  German  Consul  for  it,  the 
British  Consul  being  wholly  unable  or  unwilling  to 
help  him.  AVe  have  no  doubt  that  the  statement  is 
quite  true,  though  we  are  not  disposed  to  attach  over 
much  importance  to  it.  On  the  29th  ult.,  however, 
an  evening  contemporary  published  a long  article, 
which  in  no  measured  terms  denounces,  not  so  much 
the  British  Consul,  as  the  British  consular  system. 
AVe  cannot,  perhaps,  do  better  than  quote  the  follow- 
ing passage  from  the  Pall  Jlfall  Gazette  to  make  the 
essence  of  its  attack  intelligible.  Speaking  of  other 
nations,  our  contemporary  writes:  — “France, 
Germany,  and  America  have  perfectly  equipped 
services.  They  have  considered  the  importance  of  the 
question,  and  the  serious  issues  resulting  from  it 
as  far  as  their  commercial  interests  are  concerned. 
They  always  fill  their  consular  posts  with  natives 
of  their  own  country,  and  they  make  a particular 
point  of  locating  them  in  places  whei'e  their 
services  would  be  of  the  most  advantage  to 
the  country  they  represent.” 

A meeting  of  the  Grosvenor-house  Committee  was 
held  lately  to  hear  a paper  read  by  Mr.  Edward  Atkin 
on  “British  Consular  Appointments  in  Turkey.” 
After  a discussion,  the  following  resolution  was  passed 
unanimously  : — “ That  the  following  recommendation 
to  his  Grace  the  President  be  submitted  for  transmis- 
sion to  the  Prime  Minister  : ‘ The  committee  desires  to 
call  attention  to  the  mischievous  effects  of  the  system 
of  employing  in  the  British  consular  sendee  men  who 
are  connected,  either  directly  or  through  relatives, 
with  local  commercial  enterprise,  and  who  are  in  con- 
sequence unable  to  act  and  speak  with  firmness  in 
affairs  vitally  affecting  British  interests.  It  urges 
upon  her  Majesty’s  Government  the  importance  of 
appointing  at  least  one-half  of  the  Consuls  and  Arice- 
Consuls  in  Turkey  from  officers  of  the  Amay  or  Navy 
who  are  linguistically  qualified.’  ” 

The  whole  subject  is  one  of  very  great  importance, 


because  a Consul  has,  or  ought  to  have,  a great  deal 
in  his  power.  Although  we  hold  that  our  consular 
service  is  not  perfect,  we  are  by  no  means  prepared 
to  go  far  on  the  road  of  censure  with  our  centem- 
porary.  Nor  can  -we  belie’S'c  “ that  the  scandal  is 
growing  in  its  dimensions,  and  foreign  consular  ser- 
vices, which  are  built  on  a firm  financial  basis,  arc 
doing  a work  which  is  both  creditable  to  themselves 
and  a shame  to  us.”  AVe  are  prepared  to  admit  that 
our  consular  service  is  oj)cn  to  improvement ; but  it 
would  require  very  strong  evidence  to  make  us  believe 
that  our  service  is  very  far  behind  that  of  other  nations. 
The  duties  to  be  discharged  by  a Consul  are  very 
numerous ; in  many  cases  very  onerous,  and  never 
overpaid.  He  is  supposed  to  be  the  grand  centre  of 
reference  to  whom  every  Briton  in  his  district  is  to 
turn  for  help  and  information  under  the  most  varied 
conditions.  The  Consul  is  supj'joscd  to  know  every- 
thing that  no  one  else  knows,  and  to  jmssess  un- 
limited influence.  His  wisdom  is  known  to  pass 
the  wisdom  of  Solomon,  and  his  integrity  must  be 
absolutely  unimpeachable.  To  him  runs  every  Briton 
in  distress ; everyone  seeking  an  introduction,  or 
information  of  any  and  every  conceivable  kind  ; and 
as  if  this  were  not  enough,  he  is  expected  to  supply 
with  commendable  regularity  reports  on  the  trade, 
manufactures,  climate,  ethics,  and  ethnology  of  the 
district  which  he  serves.  He  must  speak  multifarious 
languages,  and  know  enough  of  all  the  “ologies” 
to  prevent  him  from  making  any  mistakes.  He  must 
possess  the  patience  of  a donkey  and  the  good 
teni}:)er  of  a cherub.  As  a di})lomatist  he  must  bo 
above  praise,  and  not  only  contented  but  willing  to 
take  his  life  in  his  hand,  and  even  to  lose  it  in  a 
street  riot.  It  is  surely  not  remarkable  that  men 
who  combine  such  a number  of  really  great  qualities 
should  be  scarce,  or  that  now  and  again  we  find  an 
individual  who  is  just  short  of  the  nonnal  standard  of 
merit.  But  while  we  are  prepared  to  admit  all  this, 
we  cannot  shut  our  eyes  to  the  fact  that  the  British 
Consul  not  unfrequently  fails  to  understand  the 
situation,  and  that  he  sends  home  advice  which  his 
readers  will  certainly  not  take,  and  would  not  be  wise 
if  they  did.  AVe  have  heard  it  said  that  the  character 
of  the  advice  is  due  to  the  nation  of  the  man  who 
tenders  it,  and  that,  being  a foreigner,  he  fails  to 
understand  Englishmen.  But  this  argument  has 
small  foundation  in  fact.  The  number  of  our  Consuls 
who  are  not  British  is  small,  and  we  must  seek  else- 
where than  in  their  nationality  for  the  explanation  of 
the  advice.  After  all  it  is  easily  understood.  AA'hen 
a Consul  sees  in  his  district  a German  who  is  carry- 
ing all  before  him,  and  selling  goods  as  fast  as  he 
can  take  the  order,  he  is  naturally  jealous,  and  writes 
home  to  urge  on  the  English  trader  the  necessity  for 
a display  of  energy.  The  Consul  forgets  that  the 
class  of  trade  done  by  the  Gemian  is  one  that  the 
Englishman  will  not  touch.  It  has  already  been  said 
in  our  pages  that  it  is  as  wise  to  recommend  a AVest- 
end  coachbuilder  to  take  up  the  manufacture  of 
costermongers’  barrows  as  it  is  to  urge  on  the  English- 
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man  the  pushing  of  some  of  the  l)ranchcs  of  trade 
which  our  Consuls  favour.  There  is,  no  doubt,  mani- 
fest in  their  reports  a lack  of  discrimination  ; and  it  is 
just  this  lack  of  discrimination  that  brings  the  Consul 
into  disrepute.  We  have  repeatedly  heard  it  said 
that  the  English  Consul  has  no  competent  knowledge 
of  the  true  inwardness  of  English  trade  ; and  it  is  im- 
possible to  read  some  of  the  reports  that  we  receive  with- 
out perceiving  there  is  some  ground  for  the  accusation. 

Two  considerations  suggest  themselves  here.  'J'hc 
first  is  that  the  British  trader  expects  a great  deal  too 
much  from  the  Consul ; the  second  is  that  the  Consul 
seems  to  think  that  so  long  as  something  is  sold,  no 
matter  Avhat,  all  goes  well.  Unfortunately  the  ?>riton 
abroad  is  exceedingly  helpless — unless  he  has  a sword 
in  his  hand — and  the  British  trader  expects  the  Consul 
to  do  for  him,  directly  or  indirectly,  that  which  he 
ought  to  do  for  himself.  It  is  possible,  if  not  pro- 
bable, that  we  should,  after  all,  get  on  better  than  we 
do  if  we  had  no  Consuls  at  all,  but  simply  subordinate 
officials  to  conduct  routine  office  work.  The  absence 
of  the  Consul  would  compel  the  British  trader  to  rely 
more  upon  himself;  better  men  would  be  selected  as 
travellers  and  agents  and  representatives  of  English 
firms.  If  it  was  fully  understood,  for  instance,  that  a 
man  going  to  Russia,  let  us  say,  would  have  to  trust 
solely  to  himself,  care  would  be  taken  to  send  no  one 
who  could  not  speak  French  and  Russian.  The  con- 
tention is  so  obvious  that  we  need  not  push  it  further. 
Turning  to  the  consular  theory  as  stated  above,  we 
believe  that  its  source  is  ignorance  of  the  character  of 
English  trading  as  a whole.  A competent  knowledge 
of  the  characteristics  of  the  trade  of  different  nations 
would  prevent  the  Consul  from  falling  into  errors. 
The  subject  is,  of  course,  very  much  too  large  to  be 
dealt  ^^^th  here  as  a whole,  but  we  may  direct  atten- 
tion to  one  or  two  things  which  claim  notice.  A 
characteristic  of  Gennan  trade  is  the  production  of 
very  low-priced  goods  in  large  quantities,  such  as 
table  forks  at  3d.  a dozen,  table  knives  at  6d.  a 
dozen,  and  so  on ; hundreds  of  other  commodities 
might  be  mentioned,  but  these  will  suffice.  Now  it 
is  quite  useless  for  a Consul  to  mourn  because  English 
firms  will  not  compete  in  such  articles.  In  the 
first  place,  Sheffield  could  not  make  them  at  the 
price  if  she  would,  and  she  certainly  would  not 
if  she  could.  The  German  is  well  satisfied  to  do 
a trade  with  peasants  who  take  long  credit  for 
sums  aggregating  but  a few  pounds.  The  English 
ttader  will  have  nothing  to  do  with  trade  of  this  kind. 
But  unfortunately  the  Consul  does  not  always  under- 
stand this,  and  his  reports  are  criticised.  In  the 
words  of  a City  merchant,  “As  a matter  of  fact,  the 
reports,  as  wc  get  them  at  the  present  time,  are  ]u-ac- 
tically  useless.  They  are  not  up  to  date,  ncitlier  do 
they  contain  the  information  that  is  rc(iuircd.” 

It  is  stated  that  the  Foreign-office  is  to  blame  ; but 
this  statement  must  be  taken  with  a grain  of  salt.  We 
believe  that  a certain  amount  of  agitation  will  do 
good,  and  that  just  as  our  merchants  and  manuffic- 
turers  have  had  to  learn  a good  deal — and  that  now 


and  again  very  unpalatable  from  the  Consul,  so  the 
Consul  might  Icam  a great  deal  from  the  merchant  if 
he  would  try.  Imj^rovcmcnt  all  round  is  wanted,  and 
might  be  cflccted  with  a little  trouble.  Wc  venture 
to  think  that  a debate  in  the  Hou-.:  of  Cr)mmons  on 
the  consular  service  would  supply  a great  deal  of 
much-needed  information.  It  would  no  doubt  di^iKrl 
some  illusions,  and  would  -ene  to  bring  the  Con-ul 
ami  the  trader  into  touch  with  c ich  other,  to  the 
mutual  benefit  of  both  parties. 


TELEGRAril.^  AND  TELE  PI  [OSES  IS 

PERSIA. 

'J'hc  first  telegraph  line  in  Persia  w.a>  cst.ibli".hcd 
about  thirty-six  years  ago,  and  in  the  Inrginning  w.vi 
\igorously  dcnouncecl  and  o|)pO'.cd  by  the  priest >.  as 
being  a species  of  magic,  and  closely  allied  to  other 
evil  principles  greatly  subversive  of  religion  .and 
the  best  interests  of  the  .State,  and  as  such  uol  to 
be  permitted  to  have  a jilace  in  the  economy  of 
Government.  This  ojiposition,  however,  was  over- 
come, and  the  class  which  resisted  so  stoutly  at  the 
first  now  use  the  telegraph  with  the  greatest  indiffer- 
ence. In  the  year  18C2  the  constniction  of  a tele- 
graph line  from  India  to  England  through  I’er^ia, 
Russia,  and  GeiTnany  was  commenced,  and  it  began 
working  on  the  ist  Januar}-,  1870.  Some  work  had, 
however,  been  carried  on  for  three  or  four  years  by  a 
line  through  the  Euphrates  valley;  but  according  to 
the  United  States  Vice-Consul  at  Teheran,  this  ^\a^ 
not  by  any  means  of  a satisfactor}'  character,  and 
serious  errors,  delays,  and  interruptions  occurred. 
This  line  is  still  used  occasionally.  The  Indo- 
European  is  a well  - constructed  and  efficiently 
managed  line.  From  Bushire  to  Karachi  there  is 
both  a cable  and  a land  line.  This  line  prorides  the 
local  native  administration  with  one  wire  which  can 
always  be  depended  upon.  'Ihe  local  lines,  M'ith  the 
exception  of  the  one  wire  mentioned  above,  are  the 
property  of  the  Persian  Government.  The  owner-hip 
was  acquired  by  the  cost  of  construction,  and  h.os 
been  maintained  by  defraying  the  expenses  of  pre- 
servation. The  actual  administration  is  deputed  to 
one  man,  who,  until  very  recently,  contributed  to  the 
Government  ^^2,400  a year.  This  royalty  has  now 
been  raised  to  £6, 000  a year.  The  yearly  receipt-  of 
the  telegraphs  have  been  about  ;^T 2.000,  and  the 
expenditure  equals,  if  not  exceeds,  the  income.  In 
consequence,  certain  refonns  are  to  be  initiated  in  the 
direction  of  compulsory  payments.  It  is  stated  that 
fully  50  per  cent,  of  the  telegrams  arc  sent  free. 
Officials  of  the  Government  (central  and  local), 
jniests,  cxpoumlcrs  of  the  law,  relatives  of  i>ersons 
connected  with  the  working  and  the  avlmini-tration. 
and  everyone  who  can  provide  him-elfwiih  a lea-on 
or  excitsc,  send  their  telegrams  free  of  ex{xm-e.  As 
this  system  has  been  growing  for  many  years  p.i--t, 
and  most  of  those  who  have  benefited  by  it  arc  in  a 
jrosilion  to  give  trouble,  the  management  find  it 
difficult  to  introduce  changes  necessary  for  their  own 
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protection.  The  Persian  local  system  comprises  about 
3,100  miles  of  wire  and  86  offices  for  the  receipt 
and  despatch  of  messages.  The  wire  provided  by 
the  Indo-European  administrations,  gratis,  is  about 
1,300  miles  long,  and  extends  from  the  Persian  Gulf 
to  the  Russian  frontier.  Stamps  are  not  used  for  any 
purposes  in  Persia,  except  for  letters.  Messages  are 
restricted  to  ten  words,  at  a charge  of  2\  krans  {about 
ninepence).  The  actual  charge  for  the  message  is 
2 krans,  and  the  half  kran  is  for  the  paper  on  Avhich 
it  is  written.  In  case  the  message  extends  to  a large 
number  of  words  it  is  calculated  at  the  rate  of  ten 
words  to  the  two  krans,  and  not  2\  krans.  This 
tariff  is  the  same  for  any  distance  in  Persia ; there  is 
only  one  charge.  The  Persian  newspapers  rarely 
contain  infonnation  of  sufficient  importance  to  be 
sent  by  telegraph,  consequently  there  is  no  Press 
rate,  and,  indeed,  there  are  very  few  Press  messages. 
There  are  four  newspapers  in  Persia,  printed  in  the 
vernacular,  and  under  Government  control.  These 
should  be  issued  once  a fortnight,  but  they  are  often 
issued  at  longer  intervals  ; they  are  in  no  sense  con- 
sidered as  leaders  or  exponents  of  the  ideas  or  feelings 
of  the  people.  As  regards  telephones  the  late 
Nasredin  Shah  on  the  8th  December,  i88q,  granted 
to  the  then  Minister  for  Foreign  Affairs  a concession 
for  electric  lighting,  the  introduction  of  telephones, 
phonographs,  and  the  application  of  electricity  to 
industrial  purposes  to  the  whole  of  Persia,  with 
protection  to  the  monopoly  for  the  period  of 
sixty  years.  This  concession  was  transferred  to 
an  American  citizen  for  a certain  valuable  con- 
sideration, but  for  want  of  means  the  purposes 
of  the  concession  have  not  been  put  into  execu- 
tion. In  order  to  protect  the  concession  from 
lapsing,  two  or  three  wires  were  put  up  and  kept  in  a 
workable  state,  and  are  now  in  use.  Five  years  ago 
the  railway  and  tramway  company  commenced  erect- 
ing private  wires  for  anyone  who  would  undertake  the 
expense,  and  they  established  an  exchange  office  on 
their  own  premises  at  Teheran.  It  has  not  been 
extended  to  any  other  town.  So  far,  no  records  have 
been  kept  of  the  number  of  miles  of  wire  erected,  but 
the  Vice-Consul  says  that  from  his  observation  he 
should  estimate  it  at  about  fifty  miles — this  is  in- 
cluding the  wires  into  villages  of  summer  resort,  and 
those  to  different  parts  of  the  city.  At  the  present 
time  there  are  fifteen  owners  of  private  wires,  each  of 
whom  pays  the  company  about  8s.  6d.  per  month  for 
keeping  the  wires  in  repair,  and  the  instruments  in 
order.  The  receipts  about  balance  the  expenditure, 
but  this  only  includes  the  free  use  of  the  lines  by  the 
company,  who  provide  the  only  office  there  is  in  the 
city,  and  two  in  the  country  during  the  summer 
months.  As  messages  are  not  received  from  the 
public,  no  tariff  has  been  formulated.  Subscribers 
are  jnit  into  communication,  and  use  the  telephones 
as  long  as  they  wish.  As  a more  extended  use  of  the 
telephone  would  interfere  with  the  receipts  of  the 
telegraphs,  permission  to  use  it  has  not  been  granted 
to  distances  appropriated  by  the  telegraphs. 


HUNGARIAN  MINERAL  WATERS. 

In  view  of  the  extensive  manufacture  and  sale  of 
artificial  mineral  waters  in  Hungary,  the  Hungarian 
Minister  of  the  Interior  (as  the  supreme  health 
authority)  has,  according  to  the  United  States  Consul 
at  Budapest,  issued  a new  ordinance,  according  to 
which  licenses  to  manufacture  artificial  mineral  waters 
may  be  issued  only  to  druggists  or  chemists  holding 
diplomas.  The  erection  of  factories  for  such  manu- 
facture will  be  permitted  only  after  expert  examina- 
tion. The  local  authorities  are  expected  to  care  for 
the  regular  medical  supervision  of  such  factories.  The 
names  of  domestic  or  foreign  natural  mineral  waters 
may  not  be  made  use  of.  It  is  also  forbidden  to  use 
the  same  bottles,  jars,  capsules,  corks,  stamps,  or 
trade  marks  for  artificial  mineral  waters  as  for  natural 
mineral  waters  of  similar  composition,  and  the  word 
“artificial”  must  be  marked  in  large  letters  on  all 
vessels  containing  artificial  mineral  water.  The  name 
of  the  manufacturer  and  the  place  of  manufacture  is 
to  be  plainly  Avritten  on  the  label.  These  regulations 
are  to  be  enforced  by  fines,  and  in  case  of  repetition, 
by  fine  and  imprisonment.  Failure  to  observe  the 
regulations  may  be  punishable  by  the  revocation  of 
the  manufacturer’s  license.  It  may  be  pointed  out 
that  mineral  waters  form  one  of  the  principal  articles 
of  export  to  the  United  States  from  Budapest,  and 
the  surrounding  locality. 


General  Notes. 


Modern  Drainage  Construction. — Mr.  Louis 
Hanks,  member  of  the  Society  of  Arts,  read  a paper 
before  the  Sanitary  Institute  Congress  on  “ Failures 
in  Modern  Drainage  Construction,  with  suggestions 
for  their  remedy,”  which  is  printed  in  the  Building 
Neivs  for  September  30.  Mr.  Hanks  deals  with  the 
question  of  renewal  of  drains.  He  writes  : — “Finding 
himself  noAV  called  upon  to  incur  a further  heavy 
expenditure  for  putting  in  an  up-to-date  drain,  the 
householder  might  reasonably  ask  for  some  guarantee 
that  his  neAv  drainage  system  Avould,  at  all  events,  be 
watertight  and  in  sanitarily  efficient  order  ten  years 

hence Undoubtedly  such  a guarantee  could  be 

given  Avith  regard  to  almost  any  other  constructiAC 
AA^orks,  but  not  in  the  case  of  an  underground  drain 
or  its  connections  as  usually  constructed.  This  points 
to  the  existence  of  some  inherent  Aveakness  or  defect 
in  either  the  material  or  Avorkmanship  of  the  drain- 
pipe and  its  joints,  and  to  the  need  of  some  more 
permanently  reliable  drainage  conductor  than  any  at 
present  in  use.” 

Correction. — In  Mr.  J.  AV.  North’s  letter  in  the 
Journal  for  Sept.  30,  the  following  corrections  should 
be  made— p.  871,  line  5 from  bottom  of  page,  for 
printing  read  painting ; p.  872,  line  i,  for  Avater- 
proofed  read  Avatermarked. 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-street,  Adelphi,  London,  IV.C. 


Notices. 


EXAMINATIONS,  1899. 

The  dates  fixed  for  the  Society’s  Examinations 
in  1899  are  Monday,  March  13th,  Tuesday, 
14th,  Wednesday,  15th,  and  Thursday,  i6th. 

The  Programme  of  Examinations  is  now 
ready.  Copies  of  the  Programme,  with  full 
details,  and  an  Appendix  containing  last 
year’s  questions  and  reports  by  the  Examiners, 
can  be  had,  price  3d.,  post  free,  on  application 
to  the  Secretary,  Sir  Henry  Trueman  Wood, 
Society  of  Arts,  Adelphi,  W.C. 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

SOME  PRINCIPLES  OF  FORM-DESIGN 
IN  APPLIED  ART. 

By  Hugh  Stannus,  F.R.I.B.A.* 
Lecture  II. — Delivered  21  February,  1898. 

SYMMETRICALITY  is  the  first  of  the 
group  of  Laws  which  govern  the  Conformation 
of  Objects  or  the  Attitude  of  Animals.  The 
term  is  derived  from  two  Greek  words  which 
signify  the  quality  of  being  nieasui'ed-together . 
Obviously,  when  the  two  Halves  of  an  object 
are  designed  in  such  a manner  that,  in  every 
respect — each  detail  of  the  one  half  may  be 
“ measured  with  ” the  corresponding  detail  of 
the  other  half — then  the  Object  in  itself  is 
symmetrical  in  conformation.  Examples  of 
this  are: — in  Architecture,  the  Triumphal  Arch 
and  the  Temple-portico — in  Sculpture,  the 
Osirid-pier  and  the  archaistic  Antinoiis-statue 
— in  Typography,  the  ordinary  capital-letters 
H,I,0,T — &c.  Among  Animals  : each  Quad- 
ruped, Bird,  or  Biped,  is  divisible  by  an 
imaginary  vertical  Plane  passing  axially 

• All  rights  in  these  four  lectures  are  reserved  by  the  author. 


through  the  body,  from  front  to  back,  or  from 
head  to  tail.  liach  external  detail,  on  what 
is  called  the  “right”  side  of  the  animal,  be 
it  eye,  ear,  leg,  nail,  Ac.  may  be  measured 
with  the  corresponding  eye,  ear,  leg,  nail,  A", 
on  what  is  called  the  “left”  side  of  the 
animal  ; hence  these  Animals  are  s;iid  to  be 
Symmetrical  in  Confor.mation.  'Ihese 
animals,  however,  having  Volition  and  l,oro- 
motory-power,are — constantly  moving;  and  are 
Symmetrical  in  Aiutuhe  in  only  ex-  i-p- 
tional  cases:  Quadrupeds  or  Birds  are  nev'-r  , 
in  attitude  ; and  Man  is  only  so  wh^-n  h • 
stands  at  “Attention  ” in  preliminary  .Military 
Drill.  At  other  times  the  standing  man  rests 
first  on  one  leg,  and  then  changes  to  rest  on 
the  other;  and  this  deviation,  from  the  stiff 
Symmetricality  of  the  Recruit  at  “ attention  ”, 
is  termed  Balanxe  (which  will  be  treated-of 
later). 

The  DistanX'ES,  of  the  various  details 
from  the  axial  vertical  Plane,  are  exactly  the 
same  on  each  side  of  it,  for  each  pair  of  corre- 
spending  details;  hence  the  form  of  one  side- 
half  is  the  exact  reverse  of  that  of  the  other 
side-half.  In  the  process,  of  making  a Dr.^sv- 
ing  of  a symmetrical  object,  the  student  : — ^a) 
draws  the  one  side-half — (b)  makes  a Tracing 
in  soft  pencil  of  that,  with  the  vertical  axial 
Line  marked  upon  it  — (c)  turns-over  the 
Tracing  so  that  the  axial-lines  coincide 
and  (d)  thus  transfers  the  other  side-half  iu 
reverse  of  the  former — This  is  a quick  method 
of  making  the  two  side-halves  to  be  the  exact 
reverse  or  reciprocal  drawing  of  each  otlu-r  ; 
and  is  an  economy  of  draughtsmanship  whi-  h 
is  much  practised  in  Pattern-design.  The  a^t 
of  turning-over  the  Tracing  has  conduced  to  th<* 
name,  “ Trace  and  turn- over  ”,  by  which  it  is 
generally  known  in  that  branch  of  Decorative 
Art. 

The  Associated  Ideas  connected  with 
Symmetricality  are  related  to— its  Prevalent 
in  Nature — its  necessity  in  Architecture — its 
expediency  {J.e.  not  Casuality)  in  the  careful 
arrangement  of  affairs  in  daily  life  — In 
Nature,  Animals  could  not  progress,  nor 
Plants  grow  without  it.  In  ARCHITECTURE. 
Buildings  could  not  settle  down  evenly  on  th-'ir 
foundations  unless  the  Siile-halws  won'*  e<jual 
—In  13aily  Life,  it  is  associated  with  care- 
fulness and  accurac}' : the  Judge,  who  sits 
stiffly  in  the  centre  of  the  bench,  leaning  to 
neither  side,  and  symmetrically-attired,  is  an 
example. 

The  Character  of  the  Object  also  governs 
the  application  of  this  Law.  Symmetricality. 
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as  adding  a certain  degree  of  Dignity,  is 
appropriate  in  objects  of  a “monumental” 
character  which  appear  to  require  a pre- 
meditated treatment,  e.g.  the  Monarch’s 
Robes,  the  Senate-house,  the  Chancel-screen, 
the  State-carriage,  the  Grand-piazza,  the 
City-viaduct,  &c.  ; but  it  is  out  of  place  in  a 
Peasant’s  Shawl,  a Country- cottage,  a Field- 
hedge,  a Coster’s  Barrow,  a Village  Green,  or 
an  Alpine  Bridge  ; and  the  person,  who  builds 
the  double-fronted  cottage  with  central  Portico, 
is  unconsciously  committing  the  vulgarity  of 
aping  his  superiors.  Better  that  he  should 
recognise  the  truth  of  the  dictum: — “the 
grand  style  to  the  great  things,  and  the  homely 
style  to  the  small  things  The  Grand  Style 
is  an  ambitious  effort  to  compete  with  the 
great ; and  the  Hindoo  Artists  avoid  exact 
Symmetricality,  from  this  feeling  and  their  con- 
sequent desire  to  escape  from  the  anger  of  the 
Gods,  that  would  descend  on  their  Ambition. 

Increase  of  Symmetricality  is  observed 
in  Objects  and  Features  which  lie  in  horiozntal 
surfaces.  Divisibility  by  07te  Plane,  accom- 
panied by  the  exact  identity  in  size  and  design 
of  the  corresponding  details  on  each  side,  has 
been  shewn  to  be  characteristic  of  Conforma- 
tion in  the  higher  animals ; but  there  are 
examples  among  the  lower  animals  which  are 
divisible  by  more  than  one  Plane,  e.g.  the  Star- 
fish, the  Sea-Urchin,  &c. ; and  in  the  Vege- 
table Kingdom,  the  greater  number  of  Flowers 
which  lie  in  horizontal  planes  are  poly-sym- 
metrical. It  will  be  observed  that  of  the 
flowers  which  have  an  erect  attitude,  many  of 
them,  e.g.  the  Papilionacese,  have  one  vertical 
Axis  ; and  the  greater  number  of  those  whose 
face  or  general  surface  is  horizontal,  e.g.  the 
Daisy,  &c.,  are  divisible  by  many  vertical 
Planes,  excepting  some,  e.g.  the  Cruciferae, 
which  are  divisible  by  fottr  vertical  Planes, 
and  some,  e.^.  the  Liliaceae,  which  are  divisible 
by  only  three  vertical  Planes. 

The  Terms  for  the  degrees  of  Increase  in 
Symmetricality  {i.e.  in  the  number  of  Axial- 
planes  or  Axes)  are  adopted  from  the  Greek 
numbers.  Thus  in  fig.  5 : — the  shape  M is 
divisible  by  only  one  Axis  (a)  ; and  it  is  there- 
fore termed  Mono-symmetrical — the  shape  D 
is  divisible  by  two  Axes  (a,  and  b) ; and  it  is 
termed  Di-symmetrical  — the  shape  T is 
divisible  by  three  Axes  (a,  e,  and  f)  ; and  it  is 
termed  Tri-symmetrical  — the  shape  P is 
divisible  by  four  Axes  (a,  b,  c,  and  d) ; and  it 
is  termed  Tetra-symmetrical  or  more  often  Poly- 
symmetrical — (the  student  is  advised  to  fold  a 
Piece  of  paper,  cut  to  each  shape,  with  the 


crease  along  each  of  the  Axes  shewn  ; and 
the  various  degrees  of  Symmetricality  will  be 
seen). 


The  Application  of  this  Law,  to  the  Plan 
of  the  Capital  in  the  three  Classic  orders  of 


Architecture,  is  shewn  in  fig.  6 in  w'hich : — D 
shews  the  Doric  capital — | shews  the  Ionic 
capital— Q I shews  the  corner  Ionic  capital — 
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and  K shews  the  Korinthian  capital — The 
Doric  and  Korinthian  capitals,  it  will  be 
observed,  are  tetra-symmetrical ; and  there 
fore  may  be  used,  not  only  alon^  the  front  and 
flank  of  a building,  but,  also  at  the  corner 
where  the  front  and  flank  meet.  These  two 
capitals  have  never  been  otherwise  than  “ all- 
round ” capitals  ; and  no  necessity  for  re- 
adjustment of  their  parts  has  ever  arisen.  'J'he 
Ionic  capital  differs  from  them  in  being  a 
“front  and  side”  capital.  In  each  capital 
— the  two  fronts  shew  Volutes  carved  in 
vertical  planes ; and  hence  they  are  termed 
the  Volute  - fronts  of  the  capital ; while 
the  two  sides  shew  the  coiling  - in  of 
masses  which  are  profiled,  on  the  under  sur- 
face, somewhat  similarly  to  the  double-bodied 
Baluster ; and  hence  they  are  termed  the 
Baluster-sides  of  the  capital.  The  normal 
Ionic  capital  is  only  di-symmetrical.  It  can, 
therefore,  be  used  along  the  front  of  a building 
which  does  not  require  columns  at  the  flanks  ; 
but  when  it  is  applied  along  both  front  and 
flank,  a difficulty  is  caused  at  the  corner,  owing 
to  it  being  not  tetra-symmetrical.  An  attempt 
to  meet  this  difficulty  was  made  in  the  Nike- 
apteros  Shrine,  and,  later,  in  the  Erechtheion, 
and  other  Temples,  as  shewn  at  C I-  In  these 
corner-capitals,  the  Baluster-sides  respond  to 
those  of  the  normal  capitals  on  the  front  and 
flank,  and  the  Volutes  in  front  of  these  sides 
also  correspond  to  the  Volutes  of  the  normal 
capitals  ; but  the  outer  Volute  on  each  face  is 
bent-out  in  plan,  as  shewn,  making  a large 
horn-like  projection  at  each  corner  of  the 
building,  that  is  not  pleasing ; and  the  rear 
Volutes  make  a re-entrant  Angle,  abutting 
against  each  other  in  such  a manner  that  one- 
half  of  each  volute  disappears  behind  the  other  ; 
and  the  result  is  a hiatus.  If  the  later  archi- 
tects had  “ harked-back  ” to  the  four-faced 
capitals  of  the  Bassainaos,  and  had  developed 
from  that  (in  which  the  Volutes  are  conjoined 
and  integral) ; then  the  solution  of  the  diffi- 
culty would  not  have  been  left  till  the  Temple 
of  Saturn  at  Roma  (in  which  the  volutes 
are  isolated  and  fortuitous).  It  must  be 
regretted  that,  in  the  corner  capital,  the 
Greeks  did  not  evince  their  usual  aesthetic  in- 
sight ; and  that  the  disasters  of  that  insane 
Peloponessian  War  prevented  further  artistic 
consideration  of  the  problem.  The  Corner- 
capital,  it  will  be  seen,  is  mono-sym/netricai ; 
and  that  fact  appears  to  have,  hitherto,  pre- 
cluded a successful  solution. 

The  Applicatiox,  of  this  Law  to  OiijECTS, 
firstly  depends  on  the  Attitude,  towards-the- 


Horizon,  of  the  surface  on  whif  h or  again  . t 
which  they  are  placed. 

Moxo-sv.\i.\iki  kY  has  lx.*<’n  obser\*ed  in 
Nature  to  govern  the  form  of  obje(  t:  that  ar** 
erect  in  attitude.  Hence  Prrsi  ten- e- T- 
Memory  or  Association-of-Ideas  may  ha"  1 1 
artists  t<;  design  (objects  which  were  inter  ’-  1 
to  b(;  uf)right,  whether  in  isolation  ><r  a ain>t  a 
(vertical)  wall,  with  on\y  one  Axi  , ar  l that  in 
a TJerticat  ^itUtudc.  It  may  be  further  -b  - rv.  .1 
that,  in  objects  connected  with  Wall  1 
other  vertical  Architectural-feature  , the  pr-n- 
ciple  of  SYMPA'niY  seems  to  sugge-t  that 
the  verticality  of  the  Axis  {i.e.  of  th.  Obj . t 
will  better  consort  with  the  verti-  ality  of  th  = 
wall-surface  than  if  the  Axis  were  in  any  ih.  r 
attitude. 

PoLY-SVM.METRY  (or  any  degree  mor-  than 
mono-symmetry)  has  also  been  observed  i” 
Nature  to  govern  the  form  of  objects  in  a 
horizontal  or  quasi-horizontal  attitude.  H n e, 
again,  the  effect  of  Memory  and  of  ia' -on 

will  lead  to  Poly-symmetricality  in  Ceilio^" 
and  Floors.  And  further,  be  it  observd  that 
objects  and  features  on  horizontal  surfa  s 
(which  are  approached  in  various  directions, 
and  seen  from  many  different  points  of  view^ 
will  be  less  unsuitable  in  effect  when  the 
attitude  is  not  strongly  marked  (because  of 
the  number  of  a.xes  in  different  directions', 
then  when  it  is  conspicuous  (because  of 
its  having  only  one  Axis).  In  fig.  7,  two 


sketches,  for  a Mirror  - frame,  to  be  fixed 
against  a Wall,  are  shewn  IVI  is  mono- 
symmetrical,  having  only  the  one  Axis  ^a'— 
D is  dy-symmetrical,  having  the  two  Axes 
and  (b)— It  will  be  observed,  for  the  reasons 
above-given,  that  |V1  is  the  more  suitable  fi>r  a 
Wall-feature  ; and  D (without  the  balust*Ts) 
would  be  more  permissible  as  a Ceiling-feature : 
and  from  this  example  it  may  be  deduced  that 
di  - symmetry  militates  against  the  sense  of 
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verticality  that  should  govern  the  application 
of  objects  on  vertical  (Wall)  surfaces. 

The  Avoidance  of  Secondary  - sym- 
METRICALITY  in  the  wrong  place,  is  also  im- 
portant. When,  in  the  front  of  a building,  there 
is  a Side-entrance  on  each  side  of  the  Central 
entrance  : then  the  amount  of  importance,  to 
be  given  to  their  design,  should  be  in  accord 
with  their  subordinate  or  secondary  position. 
And  it  is  nearly  always  possible  to  arrange 
that  the  Secondary-axes,  thereby  created,  shall 
not  be  in  the  centres  of  the  Wings  of  the  build- 
ing. The  Church-front  in  fig.  8,  is  that  added 


by  Alberti  to  the  older  nave  and  aisles  of  Sta. 
Maria  Novella,  in  Firenze.  The  Distances 
between  the  Doors  were  fixed  by  the  axes  of  the 
nave  and  aisles  ; and  were  therefore  part  of 
the  data  of  the  problem.  It  will  be  observed 
that  he  has  arranged  the  column  at  the  flank 
of  the  central  door  and  in  immediate  connec- 
tion with  it,  and  the  similar  column  with  a 
coupled  pier  at  each  end  of  the  front,  at  such 
distances  that  the  wing  (or  space  between  the 
columns)  on  each  side  is  divided  into  four  bays 
(which  is  an  even  number)  ; and  that  the  Side- 
door  occupies  the  second  bay  from  the  Centre- 
door.  Thus  each  side-door  avoids  being  in  the 
centre  of  the  Wing.  Had  he — by  reducing 
the  width  between  the  two  columns  that  flank 
the  central-door,  and  by  increasing  the  breadth 
of  the  end-piers — arranged  each  Wing  in  three 
bays ; and  placed  the  side-entrance  in  the 
central  bay  of  each — then  the  Secondary-axes 
would  have  been  more  important  than  the 
Primary-axis  ; and  effect  of  the  whole  Front 
would  have  been  spoiled.  As  it  is,  it  is  a fine 
example  of  scholarly  design ; and  well  worthy  of 
admiration  and  study. 

Disregard  of  this  Avoidance  is  seen  in 
the  front  of  the  National  Gallery,  Trafalgar- 
square,  London,  in  which  there  is  an  odd 


number  (three)  of  windows  in  each  division  of 
the  Wings  ; and,  as  a result,  the  eye,  in  travel- 
ling over  the  building,  is  perplexed  at  finding 
ing  so  many  Central-axes  or  Axes-of-S)mimetry 
attracting  its  attention.  Had  there  been  an 
even  number  of  windows  in  each  division,  the 
effect  would  have  been  less  distracting.  An- 
other interesting  instance  is  seen  in  the  front 
of  the  People’s  Palace  for  East  London,  in 
which  there  is  one  Primary  Axis-of-Symmetry 
in  the  recessed  Centre,  and  one  secondary  and 
two  tertiary  Axes  in  each  projecting  End-block, 
total  seven  axes. 

The  Position  of  a Feature  also  governs 
its  treatment.  When  the  feature  is  axial  {i.e. 
central),  then  it  should  be  treated  in  a sym- 
metrical or  quasi-symmetrical  manner ; and 
when  the  feature  is  miaxial  {i.e.  at  the  side), 
then  symmetricality  should  be  avoided.  It 
will  be  observed  that  where  there  is  an  Axis  of 
symmetry — there  the  eye  rests,  without  seeking 
further;  and  where  there  is  not  symmetrical 
arrangement — there  the  eye  does  not  rest  but 
seeks  for  the  centre  of  the  composition. 
Hence  the  “east-window”  of  a church  will 
be  designed  with  an  odd  number  of  lights : — 
3,  5,  7,  or  9 ; with  a quasi-symmetrical  figure 
in  the  painted  glass  of  the  centre-lights,  and 
with  an  un-symmetrical  figure,  looking  in- 
wards, in  each  of  the  side-lights.  And,  to 
avoid  symmetricality,  the  Side-windows  will  be 
designed  with  an  evett  number  of  lights  : — 
2,  4,  or  6 (and  the  West-windows  may  be 
designed  with  even  8 or  lo). 

The  Avoidance  of  Symmetricality  in  the 
WRONG  PLACE,  is  important.  Some  objects 
should  have,  by  reason  of  the  nature  of  their 
function,  only  one  Axis-of-Symmetry.  Places 
of  Worship  are  in  this  category ; and  it  is 
interesting  to  observe  how  careful  the  Greeks 
were  to  prevent  even  the  appearance  of  sym- 
metricality at  a wrong  place,  e.g.  in  the  flank 
of  a Temple.  The  Entrance  to  the  naos  or 
opisthodomos,  was  always  in  the  centre  of  the 
end,  i.e.  axial  with  the  centre  of  the  Pediment; 
hence  the  number  of  columns  at  the  ends  of 
temples  (with  two,  or  perhaps  three,  excep- 
tions) was  always  an  even  number ; and  the 
eye  intuitively  seeks  and  finds,  in  the  void 
(between  the  2 columns  nearest  the  centre), 
the  Axis-of-Symmetry ; and  there  is  content  to 
rest.  But  in  the  Flank  of  the  temple  there  is 
(with  one  exception)  no  entrance,  and  no  Axis- 
of-Symmetry  ; hence  the  avoidance  of  an  even 
number  of  columns,  so  that  the  eye  may  not  be 
drawn  to  a central  void,  and  perplexed. 

Disregard  of  this  Avoidance  is  a blemish 
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in  the  external  flank-elevations  of  the  otherwise 
beautiful  little  church  of  St.  Mary-le-Strancl,  in 
London,  the  southern  flank  of  which  is  shewn 
in  fig.  9.  Here,  it  will  be  observed,  the  third 


each  Room,  will  exhibit  the  effect  of  this 
Law,  rather  than  that  of  Symmetricality 
— in  Sculpture,  almost  every  isolated  statue 
(an  extreme  case,  fig.  10,  is  se-*n  in 


Fig.  9. 


Nave-window  is  treated  with  columns,  entabla- 
ture, and  segmental-pediment,  and  the  first 
and  fifth  are  treated  with  angular  pediments  ; 
and  all  are  thereby  made  into  Axial-features. 
This  treatment  not  only  destroys  the  breadth 
of  the  composition,  but  it  dignifies,  as  centres- 
of-symmetricality,  three  windows  which  should 
not  be  axial  in  any  manner  ; and  it  thereby 
militates  against  the  chief  and  only  Axis  of 
the  church,  i.e.  from  the  Entrance-door  to  the 
Communion-table. 

BALANCE  is  the  second  of  the  group  of 
Laws  which  govern  Conformation  and  Attitude. 
The  term  is  derived  from  a Latin  word  which 
signifies  the  quality  of  being  weighed,  and  of 
preserving  the  equilibrium  of  the  Weighing- 
beam.  Obviously,  two  objects  or  sets  of  objects 
may  balance  each  other,  and  yet  be  very 
different  in  form.  So,  also,  in  Applied-art,  the 
two  portions  of  an  object  on  each  side  of  an 
imaginary  vertical  Line  passing  through  its 
Centre-of-Gravity  may  have  the  same  weight ; 
and,  although  very  different  in  form  and  appa- 
rent bulk,  may  yet  balance  each-other. 

Examples  are  seen  in  Nature  in  every 
Forest-tree : they  are  not  symmetrical  ; and 
without  Balance  they  could  not  remain  erect : 
There  is,  approximately,  an  equal  noeight  of 
Branches  in  all  directions,  to  enable  the  Tree  to 
maintain  its  Equilibrium  ; and  those  trees 
which,  by  stress  of  the  elements,  have  lost 
branches  or  lean-over  on  one  side,  show'  that 
they  have  lost  equilibrium  ; and  the  trunk  is  in- 
strain— in  the  Animal  Kingdom,  every  erect 
movement  shows  the  effect  of  this  Law,  or 
otherwise  the  animal  would  fall  to  the  ground — 
in  external  Architecture,  most  Dwelling-houses, 
if  designed  according  to  the  Function  of 


the  bronze  equestrian  statue  of  Peter  the 
Great,  at  Petersburg  in  Russia,  in  which, 
by  the  expedient  of  vaiA’ing  the  thickness 
of  the  metal,  making  it  heavier  in  the  hind- 
quarters of  the  horse  and  very  light  in  the  fore- 
quarters and  the  figure  of  the  Man,  and  by 
making  the  hind-legs  solid,  and  attaching 
them  and  the  tail  to  the  Serpent,  the  wholo  is 
partly  balanced  and  partly  tied-down)  — in 
Typography,  the  ordinary  capital-letters,  B, 
D,  G,  M,  N,  Q,  R,  S,  W,  X,  Z-in  Me- 
chanics, everyone,  who  has  observed  the 
machinery  behind  the  Dial  of  a large  Clock, 
will  have  seen  the  Counterpoise-weights  fixed 
to  the  pinion  in  an  opposite  direction  to  the 
Hands,  for  the  purpose  of  balancing  their 
weight — Ax. 

The  Ai’PLICATION  of  this  Law  will  Iv 
treated-of  more  fully  in  the  Law  of  STA- 
BILITY, q.v.,  and  in  that  of  Reciprocality. 
seq. 

RECIPROCALITY  is  the  third  of  the  .group 
of  Laws  which  govern  Conformation  and  Atti- 
tude. The  term  is  derived  from  a Latin  word 
which  signifies  the  act  of  taking  (a  step) 
backwards  and  forwards.  In  Mechanics,  all 
Motions  which  are  repeated  in  alternately 
oP;posite  directions,  e.g.  the  Piston-stroke,  tho 
Beam-libration,  the  Pendulum-oscillation,  Ac. 
are  termed  Reciprocal.  So,  in  Applied  Ait. 
one  Object  that  has  an  Attitude  the  exact 
reverse  of  another,  is  said  to  be  symmetrical 
to  the  other,  c.g\  the of  imitation  Egyptian 
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Sphinxes  that  face  each-other  by  the  Obelisk 
on  the  Thames  Embankment,  in  London — or 
the  Couchant  Spaniels,  made  in  pottery,  that 
are  seen  z?i  ^airs  on  the  mantle-piece  in  rural 
cottages. 


and  each  Feature,  e.g.  forehead,  mouth,  chin, 
of  which  the  animal  is  endowed  with  only 
07te,  is  symmetrical — in  Architecture,  ex- 
amples have  been  given,  but  the  front  of  the 
1 Cathedral  at  Lichfield  may  be  adduced  as  a 


In  Separate  Objects  or  Features,  that  are 
Pairs,  i.e.  the  exact  reverse  of  each-other,  the 
term  used  is  “ Reciprocality  ” ; but  when 
the  Pair  are  parts  of  the  same  Object,  i.e.  are 
equal  reversed  Halves  of  it,  then  the  term  used 
is  “Symmetry”,  and  it  is  applied  to  the 
whole  object.  Thus  an  Ear,  considered  by 
itself,  is  un-symmetrical  but  is  recij>7mcal  to 
the  other  Ear ; while  the  complete  Head, 
including  the  pair  of  Ears,  is  Sym77ietrical  (in 
the  reversed  identity  of  its  two  equal  Halves). 
So  also,  in  the  Temple  on  ASgina,  the  acroter 
at  one  end  of  the  pediment  (fig.  ii)  is  7'e- 
ciprocal  to  the  one  at  the  other  end  ; while 
the  whole  Pediment,  including  all  the  Akroters, 
is  said  to  be  sy77i77ietrical. 


Examples  are  seen : — in  Nature,  each 
Feature,  e.g.  ear,  nostril,  arm,  hand,  leg, 
foot,  of  which  the  animal  is  endowed  with  a 
pair,  is  un-symmetrical  in  itself  but  is  re- 
ciprocal to  the  other  corresponding  Feature  ; 


very  artistic  example,  the  bulk  of  the  two 
towers  being  increased  on  each  outer  side,  and 
thus  not  only  avoiding  a Secondar3^-axis  but 


making  the  two  towers  Reciprocal— in  Sculp- 
ture, the  figure  and  horses  on  the  Quirinale, 
at  Rome  (fig.  12),  also  those  in  the  Capitolino 
(fig.  13),  the  figures  of  the  Tartarughe  Foun- 


tain, also  situated  at  Rome  (fig.  14),  of  which 
one  pair  of  figures  was  modelled,  and  two 
casts  in  bronze  of  each  figure,  making  four  in 
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all,  were  arranged  alternately,  as  shewn. 
The  figures  of  the  Korai,  of  the  Pandro- 
seion  at  Athens,  arc  another  instance  of 


dom.  Most  'I'ympanum-sculpture  is  arrang^*d 
in  a fiuasi-reciprocal  manner  ; and  the  pairs 
of  recumbent  figures,  that  were  fashionable 


this  law,  the  three  on  the  eastern  - half 
being  represented  as  resting  on  the  left 
leg,  and  the  three  on  the  western-half  on  the 
right  leg. 

Abuses  sometimes  result  from  applying 
this  law  too  severely.  An  example  may  be 
seen  in  the  Untersachsenhausen  at  Koeln, 
where,  in  a pair  of  Cyclops  supporting  a 
projecting  Bay,  one  of  them  is  left-handed 
in  order  to  be  strictly  reciprocal.  Some  of 
the  shields,  in  one  of  the  chapels  at  Rimini, 
are  provided  with  the  Bouche  on  the  sinister 
side,  as  if  for  left-handed  persons,  for  the 
same  reason. 

A Free  Treatment,  which  is  also  more 
sensible,  is  shown  in  the  figures  on  the  tombs  I 
in  S.  Lorenzo,  at  Firenze,  by  Michelagnolo  | 
i5)>  which,  while  the  architectural  | 
features  are  strictly  reciprocal,  the  sculptural 
figures  are  only  reciprocal  in  mass-form,  i.e. 
quasi-reciprocal.  The  group  of  Karl  der 
Grosse  (fig.  i6)  is  also  free  ; but  the  men  ' 
that  hold  the  bridle  are  “out-of-step”  as  j 
a concession  to  reciprocality,  that  was  not  | 
required.  The  groups  of  Virgins,  at  the  i 
ends  of  the  Tympanum  in  fig  17,  are  quasi- 
reciprocal ; and  gain  much  from  the  free-  j 


on  pediments  after  Michelagnolo  had  set 


Fig.  16. 

the  example,  afford  numerous  examples  of 
this  free  treatment. 


Fig.  17. 
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Miscellaneous. 


Dhudka  by  the  Bengal  Coal  Company  and  the  New 
Beerbhoom  Coal  Company  respectively. 


# 

INDIAN  COAL  SUPPLIES. 

Although  Indian  coal  has  not,  so  far,  been  a con- 
spicuous success,  it  has,  nevertheless,  made  sufficient 
progress  to  render  English  coal  a constantly  diminish- 
ing factor  in  the  railway  supply  and  other  Indian 
channels  of  consumption.  The  output  of  Indian 
coal  last  year  reached  4,063,000  tons,  that  of  the  pre- 
vious year  being  3,848,000  tons.  Expressed  in  one 
way,  the  output  has  almost  doubled  since  1890;  ex- 
pressed in  another,  it  has  only  increased  by  2,000,000 
tons  during  that  pericd.  The  quantity  of  coal  used 
by  Indian  railways  in  1897  was  1,371,000  tons,  of 
which  only  47,000  tons  came  from  England.  In 
addition  to  the  coal,  about  358,000  tons  of  wood  was 
consumed.  Some  interesting  details  have  been  pub- 
lished in  the  Administration  Report  on  “ The  Rail- 
way in  India,”  regarding  the  consumption,  cost,  and 
the  collieries  supplying  Indian  coal  to  the  railways, 
which  form  the  basis  of  the  following  article.  The 
coal  used  on  these  railways  is  gradually  increasing  in 
amount,  and  in  1897  was  7 per  cent,  larger  than  in 
the  previous  year.  The  consumption  of  Indian  coal 
increased  by  12-8  per  cent.,  and  that  of  English  coal 
decreased  by  55  per  cent. 

The  coal  used  varies  very  much  in  quality,  and  in 
considering  the  amount  used,  and  the  cost,  this 
variation  must  be  taken  into  account.  The  standard 
taken  is  Giridih  (Kurhurbaree)  best  steam  coal,  and 
the  equivalents  which  have  been  generally  employed 
for  converting  the  various  descriptions  of  fuel  into 
terms  of  Bengal  coal  are  as  follows,  i ton  of  Giridih 
coal  being  taken  as  the  standard  : — 


Description.  Equivalents. 

Giridih  (Kurhurbaree)  best  steam  coal  I'oo 

Kurhurbaree  (E.  I.  Railway)  selected  large  coal  o'qo 

Welsh  best  steam  coal  o' 80 

Patent  fuel  o' 70 

Singarcni  coal  i'05 

Pcngal  or  Barakar  steam  coal  I'lo 

Umaria  coal i'25 

Mohpani  coal  i'50 

Warora  coal i'8o 

Wood  fuel  2'50 


These  factors  have  been  an 


ivcd  at  fi 


om  a careful 


examination  and  comparison  of  the  results  of  trials 
carried  out  within  recent  years  on  several  railways, 
and  are  believed  to  represent  the  relati\'e  values  of  the 
different  fuels  as  nearly  as  possible.  The  following 
statement  shows  the  chief  kind  of  coal  used,  and  the 
j^rices^'  paid  by  some  of  the  principal  railways  : — 

East  Indian  Raihvay. — Kurhurbaree  coal,  delivered 
into  waggons  at  Giridih,  3s.  qd.  per  ton. 

Bengal  Nagpur. — Bengal  steam  coal  (38,000  tons) 
at  5s.  2d.,  delivered  into  waggons  at  Radhangar  and 


* Throughout  this  article  the  rupee  has  been  conveitcd  at 

IS.  lo^d. 


Indian  Midland. 


Quantit}'  used. 

Price. 

Tons. 

s.  d. 

Bengal  coal... 

10,437 

5 I 

f.o.b.  Giridih. 

Umaria  coal .. 

42,000 

7 6 

At  pit’s  mouth. 

Bengal  coal  is  being  substituted  for  Umaria. 

No!  th-  JVesteni 

State  Railsmys. 

Quantity  used. 

Price. 

Tons. 

s.  d. 

Bengal 

66,000 

28  5 

f.o.b.  Kiamarijby  Ba- 

rakar Coal  Compy. 

]3andot 

61,000 

18  9 

f.o.b.  Kalapani 

( Delivered  by  Messrs. 

English 

6,600 

38  I 

I Forbes  & Co.  into 
( waggons  at  Kiamari. 

Khost  patent 
fuel 

2,211 

15  0 

f.o.b.  Quetta. 

Great  Indian  Peninsula. 


Quantity  used. 

Price. 

English 

Tons. 

7,553 

s.  d. 
31  10 

Intoboats  at  Bombay. 

Bengal  sea- 

31,461 

24  9 

,,  ,, 

borne 

Japanese 

6,121 

25  II 

„ 

Singarcni  un- 

87,248 

7 6 

f.o.b.  Yellandu. 

screened 

Warora 

55,449 

8 5 

At  pit’s  mouth. 

Umaria,  large 

15,429 

7 6 

f.o.b.  Umaria, 

Bombay,  Baroda,  and  Cent?'al. 


Quantity  used. 

Price. 

English 

Tons. 

22,477 

s.  d. 
45  11 

Intoboats  at  Bombay. 

Bengal  ...  ... 

28,853 

24  9 

„ 

.Singarcni 

25,222 

22  0 

f.o.b.  at  Dadar  Junct. 

The  principal  descriptions  of  English  coal  used 
were  Nixon’s  Navigation,  Femdale,  Powell  Duffryn, 
and  Davison’s  best  Hartley. 

The  above  figures,  while  omitting  some  of  the 
principal  railways,  include  those  which  are  the  largest 
buyers  of  English  coal,  and  the  prices  which  we  have 
given  enable  one  to  judge  of  the  differences  in  price 
between  English  and  Indian  coal.  So  great  is  this 
difference  that  it  is  more  than  remarkable  that 
English  coal  has  not  been  superseded  a long  time 
ago.  We  now  proceed  to  give  some  account  of  the 
collieries  which  chiefly  supply  the  Indian  railways, 
their  outputs,  and  the  quantity  of  coal  raised  per 
person  employed.  This  latter  figure  is  in  some  cases 
so  ridiculously  small  that  it  almost  seems  as  if  theie 
were  some  error  in  its  calculation. 
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Kurhurharee  and  Semmpore  Collieries. — 'J'licsc 
are  worked  in  connection  with  the  East  Indian  Rail- 
way, and  the  entire  sujiply  of  fuel  for  that  railway  is 
drawn  from  them.  These  pits  mined  454,000  tons 
of  coal  in  1897,  and  employed  6,113  persons. 

363.000  tons  of  large  coal  were  produced,  and 

52.000  tons  of  slack  coal,  from  which  18,200  tons 
of  coke  were  manufactured.  The  number  of  tons 
raised  per  person  employed  were  74,  as  against  81 
tons  in  1896.  The  cost  on  the  net  output  was 
3s.  9d.  Since  last  year  an  air  compressor,  pij)ing, 
and  a Stanley  heading  machine  have  been  erected, 
and  the  briquette  plant  at  Seramporc  has  been  com- 
pleted, and  now  turns  out  90  tons  of  bricpicttcs  j)cr 
day  by  the  lime-meal  process. 

Makiim  Collieries. — ^The  Assam  Railways  and 
Trading  Company  work  three  collieries,  viz., 
Ledo  Valley  (with  two  mines),  Upper  Ledo  and 
Tikak.  The  working  of  those  at  Namdang  and 
Tirap  has  only  been  recently  commenced,  and  they 
are  not  yet  fully  developed.  The  output  of  coal  dur- 
ing 1897  was  18^,271  tons,  against  176,436  tons  in 
the  previous  year.  The  Assam  coal  is  generally 
small  and  soft,  but  its  softness  has  not  proved  a 
drawback  to  its  general  use  for  all  purposes.  It  has 
a ver}'  small  per-centage  of  ash,  and  gives  a veiy  clear 
bright  flame,  with  great  local  heat.  The  demand  for 
Assam  coal  is  increasing,  and  it  is  largely  used  by 
ocean  and  inland  steamers,  railways,  mills  and 
factories. 

Warora  Colliery. — This  colliery,  worked  by  the 
Government,  has  seven  shafts,  for  pumping,  Avinding, 
and  ventilating,  of  which  the  deepest  is  245  feet,  the 
shallowest  102  feet.  It  mined,  in  1897,  111,654 
of  coal,  and  employed  821  persons,  the  number  of 
tons  raised  per  person  employed  being  136,  as  against 
156  tons  in  the  previous  year.  Two  thousand  one 
hundred  tons  of  fireclay  were  raised  for  brick  and  tile 
manufacture.  The  Great  Indian  Peninsula  Railway 
was  supplied  with  56,000  tons  during  the  year.  Other 
customers  were  the  Empress  IVIill,  Nagpur,  the  Hin- 
ganghat  Mill  Company,  the  Berar  Manufacturing 
Company,  and  the  general  public.  The  price  per  ton 
at  the  pit  mouth  of  the  coal  sold  to  the  Great 
Indian  Peninsula  Railway  was  8s.  5d.,  and  the 
average  selling  price  at  the  colliery  for  all  coal  8s.  4d. 

Mohpdni  Colliery. — This  mine  is  Avorked  by  the 
Nerbudda  Coal  and  Iron  Company,  Limited.  The 
output  in  1897  Avas  19,975  tons  ; 687  persons  Avere 
employed,  and  the  number  of  tons  raised  per  person 
employed  Avas  29.  The  output  of  the  year  Avas  dis- 
posed of  as  folloAvs  : — Sold  to  railAvays,  15,713  tons  ; 
sold  to  mills,  presses,  &c.,  1,532  tons;  colliery  con- 
sumption, 2,753  tons.  The  colliery  consumption  thus 
AA’orks  out  at  about  13  per  cent,  of  the  total  outjnit. 

Umaria  Colliery. — This  colliery,  Avorked  by  the 
GoAcmment,  produced  124,000  tons  of  coal  in  1897, 
employed  2,617  persons,  and  had  an  average  output 
per  person  employed  of  47  tons,  as  against  68  in  the 
previous  year.  The  mine  Avas  Avorked  at  a loss  due 
to  a restriction  of  the  output,  and  the  increase  in  the 


rate  for  cutting  and  raising  coal,  OAAing  to  the  working 
places  being  at  a greater  flistance  from  the  jiit’s 
mouth.  Tho  chief  customers  are  the  Indian  Midland 
Raihvay,  the  Great  Indian  Peninsula  Railway,  the 
liengal  - Nagpur  RaiKvay,  and  the  general  public. 
The  coal  consumed  at  the  colliery  figure',  rnit  at  about 
9 ]Aer  cent,  of  the  total  output. 

Coalfields  at  Telanpali,  near  the  Eeb  Eiuer.  -The 
diamond-drill  boring  in  the  vicinity  of  the  Ecb  bridge 
Avas  carried  out  during  the  year  to  a rlepth  f»f  485  f-  ct, 
and  samjjles  of  the  core'  .-.ent  tf>  the  Uirvetor, 
Geological  .SurAey,  on  Avhose  rejKut  the  Raring  a*  a-* 
directed  to  be  continued  to  a depth  of  600  feet,  unle  s 
crystalline  rocks  Avere  struck  at  a lesser  depth. 

Singareni  Colliery. — These  pit',  are  wf»rkcd  by  the 
Hyderabad  Deccan  Company,  Limited,  an<l  pr»»^ha  cd 

365,000  tons  of  coal  in  1897  by  the  emj)l>iA  ment  of 
6,455  P<-‘i>ions.  'J'he  output  ])c-r  j>er><m  emf)lo\ed  is 
thus  57  tons,  as  against  45  tons  in  1896. 

Dandot  Colliery. — This  mine  is  Avorked  in  con- 
nection Avith  the  North-Western  .State  Railway. 
Ihcrc  is  only  one  scam  of  coal,  an<l  it  lie>  at  an 
elevation  of  about  2,000  feet  above  sea  level  in  the 
.Salt  Range.  The  output  of  coal  in  1897  Ava^  79,647 
tons,  1,997  persons  being  emjfloyed.  The  output 
person  employed  Avas  40  tons,  as  again>t  36  ton'  in 
the  previous  year.  The  colliery  is  Avorked  chiefly  for 
the  sujqfly  of  steam  coal  to  the  locomotive  depart- 
ment of  the  railAvay,  but  a fairly  regular  market  i>  al>o 
obtained  for  slack  coal,  AA’hich  is  used  by  the  public 
for  brick  burning  and  various  other  purposes. 

Bhaghamvala  Colliery.  — This  collier}-  is  aLo 
Avorked  in  connection  Avith  the  North-Western  .State 
Raihvay.  It  is  situated  in  the  Salt  Range,  alwut 
1,800  feet  above  sea  level,  and  about  20  miles  east  of 
Dandot  Colliery.  The  seam  of  coal  is  the  same  as 
that  at  Dandot,  but  is  here  thicker  and  not  of  such 
good  quality.  Coal  has  been  extracted  during  the 
year  from  one  mine  or  district  only,  Avhere  the  seam 
is  tilted  up  at  an  angle  of  40°  to  50°  from  the  hori- 
zontal. This  disturbance  of  the  strata  has  rendered 
the  coal  very  soft  and  friable,  and  the  per-centage  <T 
slack  is  heavy.  The  nature  of  the  coal  also  renders 
it  very  liable  to  spontaneous  combustion.  The  total 
output  Avas  only  I3,icx3  tons;  334  persons  Avere  om- 
jfloyed,  and  the  average  ouljmt  jicr  j>crson  Ava>  3>) 
tons.  The  colliery  consumption  was  only  4-5  jx.‘r 
cent,  of  the  total  output. 

Khost  Colliery. — The  production  Avas  8,788  tons: 
217  persons  Avere  employed,  and  40  tons  Avere  rai>evl 
per  person  employed.  The  greater  part  of  the  output 
is  used  by  the  North-Western  State  RaihAay,  in  con- 
nection Avith  Avhich  the  colliery  is  AAorked.  Pres>cd- 
fuel  manufacture  is  undertaken  here,  2,I9<}  tons  l>eing 
made  in  1897. 

The  sales  for  the  year  Avere  made  principally  to 
the  Great  Indian  I’eninsula  RaihAay.  East  Co.ast 
.State  Raihvay,  Madras  Raihvay,  Southenr  Mahralta 
Raihvay,  South  India  Raihvay,  Bombay,  Baixxla, 
and  Central  India  RaihAay,  Nizam’s  Guarantectl 
State  Raihvay,  and  Bombay  Mills.  The  opening 
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out  of  the  workings  of  this  mine  is  being  pushed  on 
with  all  speed,  and,  in  order  to  facilitate  the  progress 
of  the  main  winning  levels,  two  of  Jeffrey’s  com- 
pressed-air chain  coal-cutting  machines,  with  air 
rotary  coal  drills,  have  been  put  to  work. 

A large  air-compressing  plant  has  been  erected  at 
the  Batten  Pit  to  provide  power  for  the  underground 
machinery.  Unscreened  Singareni  coal  was  the  only 
coal  sold  during  the  year. 

The  proportions  of  this  coal  are  : — Steam  coal,  72 
per  cent. ; nuts,  19  per  cent. ; slack,  9 per  cent. 

Sharigh  Colliery. — This  mine  was  closed  in  May, 
1896,  and  no  coal  has  since  been  raised. 

Baluchistan  Coal  Mines. — The  chief  areas  within 
which,  during  the  past  year,  coal  mining  operations 
have  been  carried  on  are  those  in  the  Harnai  Valley, 
the  Sor  Range,  the  mines  near  Mach,  and  in  the 
Digari  district. 

The  collieries  in  the  Harnai  Valley,  viz.,  Khost  and 
Sharigh,  worked  by  the  North-Western  State  Rail- 
way, have  already  been  referred  to.  There  are  five 
owners,  who,  under  concessions,  carry  on  operations 
in  the  remaining  mines.  The  octroi  receipts  for  coal 
passing  into  the  station  of  Quetta  show  that  about 
3,000  tons  have  paid  dues  this  year,  against  3,600 
tons  in  the  previous  year.  The  greater  part  of  this 
was  sold  to  the  Commissariat  Department  and  private 
individuals  in  the  form  of  patent  fuel. 

Letkonhin  Colliery. — This  colliery  is  worked  by  the 
Burmah  Coal  Company,  Limited  ; the  output  during 
1897  was  only  10,160  tons,  as  compared  with  22,980 
tons  in  the  previous  year. 

The  decrease  of  12,822  tons  in  the  total  output  was 
chiefly  due  to  flooding  of  the  mines.  New  workings 
have  been  commenced  at  a distance  of  about  a mile 
from  the  old  workings,  where  coal  is  of  a superior 
quality. 

Palana  Coal  Mine. — Coal  has  been  discovered  in 
Palana,  a small  village  in  Bickaneer  territory,  within 
the  jurisdiction  of  the  Saddar  Tehsil,  and  a search 
party  is  at  work.  There  are  also  indications  of  coal  in 
other  places,  and  endeavours  are  being  made  to  locate 
the  coalfield,  and  to  find  the  most  advantageous  place 
to  start  on.  At  present  work  is  confined  to  the 
shaft. — Iron  and  Coal  Trades  Revieiv. 


ELECTRIC  LIGHTING  IN  BRUSSELS. 

On  July  22nd  last  the  first  trial  of  the  complete 
installation  for  illuminating  purposes  in  the  Gare 
du  Midi  in  Brussels  was  made,  and  pronounced 
thoroughly  satisfactory,  and  the  company  which  per- 
formed this  work  has  received  a contract  from  the 
Government  for  similar  installation  in  the  Gare  du 
Midi  of  Ghent.  When  the  city  authorities  of  Brussels, 
a few  years  ago,  proposed  the  question  of  lighting 
public  places,  such  as  railway  stations,  parks,  &c.,  by 
electricity,  and  of  supplying  electricity  to  subscribers 
the  same  as  gas,  a great  cry  was  raised  and  protesta- 
tions made  against  the  innovation,  urging  that  it 


would  ruin  the  gas  works  and  injuriously  affect  the 
communal  exchequer.  Recent  statistics  show  that 
during  the  past  year  not  only  has  the  use  of  electricity 
increased,  but  that  the  profit  from  the  sale  of  gas  is 
considerably  in  excess  of  that  of  preGous  years. 
Deducting  the  amount  expended  for  establishing 
plant,  &c.,  the  city  derived  a profit  of  j^8,8g6.  The 
most  important  installation  recently  made  in  Brussels 
is  in  the  king’s  palace.  When  the  work  is  finally 
completed  there  will  be  7,500  lamps,  of  which  a large 
number  will  be  of  5 -candle  power,  employed  in  the 
chandeliers  illuminating  the  ball  and  reception  rooms. 
There  are,  according  to  the  United  States  Consul  at 
Brussels,  about  47,391  lamps  reduced  in  units  of  16 
candles,  in  the  city  system,  averaging  1 1 7 lamps  per 
100  running  meters  of  canalised  streets.  This  number 
includes  770  arc  lamps  and  28  electric  motors,  the 
latter  varying  from  one-tenth  to  10  horse-power  with 
a total  of  105  horse-power. ' In  view  of  the  increasing 
use  of  electricity  in  Belgium,  .the  Consul  is  of  opinion 
that  there  is  an  excellent  opportunity  for  the  intro- 
duction of  electric  apparatus  of  all  kinds. 


ECONOMIC  CONDITIONS  OF  SIBERIA. 

Until  veiy  recently  .Siberia,  so  long  unknown,  had 
an  entirely  artificial  existence.  The  Russians  them- 
selves were  almost  as  ignorant  of  its  resources  as  the 
outside  world,  and  regarded  it  merely  as  a country  of 
transit ; they  knew  that  goods  from  the  Far  East, 
especially  teas,  passed  through  it,  meeting  on  the  way 
some  few  European  products,  and,  above  all,  long 
trains  of  convicts  and  exiles.  The  work  on  the  great 
Trans-Siberian  Railway  has  been  the  first  cause  of 
the  economic  development  of  the  country.  Hitherto 
Siberia  has  been  inhabited  only  along  the  caravan 
route  ; a few  miles  on  either  side,  not  the  slightest 
trace  of  settlements  or  of  cultivation  could  be  found 
The  caravan  route  extends  from  Mongolia  to  the 
Ural,  with  branch  roads  to  the  Amur,  Lena,  and 
Altai.  This  road,  like  almost  all  others  in  Russia, 
has  existed  for  centuries,  but  it  is  only  a few  years 
ago  that  the  Government  thought  of  keeping  it  in 
repair.  Since  then,  villages  have  sprung  up  along 
the  route,  partly  due  to  individual  and  partly  to 
Government  initiative.  The  railway  doubtless 
has  affected  this  business  of  overland  transport, 
but  it  is  far  from  having  injured  it  fatally,  as 
the  long  files  of  waggons  and  sleighs  loaded 
with  merchandise  passing  parallel  to  the  iron 
road  sufficiently  attest.  According  to  a report  in 
the  Bulletin  de  la  Societe  de  Geographic  Com- 
ynerciale,  there  are  two  reasons  for  this — the  high 
tariff  of  the  railway,  together  with  its  still  primitive 
organisation,  and  the  necessity  for  the  peasants  to 
find  employment  for  their  horses,  especially  during 
the  long  winter  months.  The  rivers  afford  the  least 
expensive  means  of  transportation  since  boats  have 
been  forced  by  competition  to  lower  their  tariff. 
Unfortunately,  the  great  Siberian  rivers  (except  the 
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Amur)  flow  from  south  to  north.  It  has  been  pro- 
posed to  unite  them  laterally  by  means  of  canals. 
The  canal  from  the  Ob  to  the  Yenisei,  not  yet 
completed,  follows  the  Kiete,  a tributary  of  the  Ob, 
for  about  310  miles,  then  crosses  a great  lake  and,  by 
means  of  a cut  nearly  five  miles  in  length,  joins  a 
tributary  of  the  Yenisei.  This  last  river  is  reached 
about  155  miles  north  of  Yenisseisk.  When  the 
innumerable  rapids  of  the  River  Angara  have  been 
made  na^igable,  the  journey  from  Oust  Kiakhta,  on 
the  Mongolian  frontier,  to  Tiouimen,  at  the  foot  of 
the  Ural,  a distance  of  3,604  miles,  will  be  made  by 
way  of  the  Selenga,  the  largest  tributary  of  Lake 
Baikal,  the  lake  itself,  the  Angara  river,  which  unites 
the  lake  with  the  Yenisei,  the  Ob  Canal,  the  Ob 
river,  and  lastly  the  River  Irtych.  The  third  means 
of  transportation  is  the  railway.  It  was  not  projected 
for  the  development  of  Siberia,  but  to  seek  on  the 
Chinese  coast  a port  free  from  ice,  which  nature 
has  refused  to  the  Baltic  Sea.  The  railway  is 
actually  finished  as  far  as  Tomsk.  The  first  express 
left  St.  Petersburg  on  April  i,  1898,  composed 
of  eight  carriages  (sleeping,  drawing-room,  and 
dining  carriages)  lighted  by  electricity  and  heated 
by  steam.  Two  trains  a month  are  expected 
to  make  the  distance,  i,939  miles,  in  six  days. 
Singularly  enough,  this  railway  which  was  not 
considered  a commercial  enterprise  has  proved 
of  great  benefit  to  trade.  Except  troops  and 
criminals,  it  was  feared  that  there  would  be  few 
passengers ; the  truth  is  that  the  number  of 
trains  might  be  doubled  or  trebled,  as  thousands 
of  tons  of  merchandise  are  waiting  for  trans- 
portation. The  road  to  Krasnoiarsk,  the  easiest 
of  construction,  is  the  most  useful  from  a com- 
mercial point  of  view.  In  consequence  of  the 
development  of  traffic,  the  Russian  Government 
has  established  a Custom-house  at  Irkutsk,  through 
which  the  teas  and  silks  from  the  Far  East 
must  pass.  Cereals  grow  abundantly  in  Siberia, 
and  this  trade  is  in  the  hands  of  the  English 
and  is  carried  on  chiefly  by  the  great  rivers  and  the 
Arctic  ocean.  Russia  protects  herself  against  Siberian 
grain  by  heavy  railroad  rates.  Frozen  meat  is  sent  to 
St.  Petersburg,  wools,  tallows,  butter,  sheepskins, 
leather,  and  furs  are  also  exported.  Valuable  furs, 
however,  are  not  found  in  the  neighbourhood  of 
the  railway.  The  distilling  industry  is  chiefly 

carried  on  in  the  Irkutsk  Government,  in  the  Yenis- 
seisk and  in  Transbaikalia.  Of  twenty-one  distilleries 
in  Western  Siberia,  nine  are  in  the  Tobolsk  Govern- 
ment, eleven  in  that  of  Tomsk,  and  one  in  the 
territory  of  Semipatalonsk.  In  Eastern  Siberia  there 
are  twenty-two  distilleries,  and  in  the  littoral  district 
but  one.  Beer  and  mead  brewing  is  carried  on,  and 
the  principal  breweries  are  located  in  Tomsk, 
Yenisseisk,  Tobolsk,  Irkutsk,  and  Akmolinsk.  The 
total  output  is  estimated  to  average  about  1,200,000 
gallons  of  beer,  and  240,000  gallons  of  mead. 
Tobacco  culture,  although  universally  introduced 
w’herever  climatic  conditions  permit,  possess  no  com- 


mercial importance.  The  sugar  industr)- is  a perfectly 
new  enterprise  in  Siberia,  and  the  first  beet  sugar 
factory  was  opened  in  1890  in  the  Minonsinsk 
district  of  the  Yenisseisk  jv-emment.  The  manu- 
facture of  matches  is  growing  from  year  to  year,  and 
the  ])rincipal  factories  are  in  ToboLk,  Tom-ik,  and 
Irkutsk.  On  the  whole,  the  manufacturing  industries 
of  Siberia  are  at  present  in  an  embraonic  -tatc. 
Different  industries  arise  and  flcvelop  merely  for  the 
satisfaction  of  local  requirements,  in  cr>n->equenre  of 
which  the  business  of  industrial  and  s tmmercial 
undertakings  of  Siberia  is  yet  extremely  limited. 
The  mineral  {productions  include  salt,  gold,  iron  ore, 
coal,  and  jplumbago.  fkppper  and  other  min'-ral  are 
mined  on  a very  small  scale.  Iron  and  coal  are  found 
everywhere ; gold  is  also  so  univer-al  that  it  might  be 
called  a Siberian  sipecialty.  In  the  badn  of  the  I.^na, 
and  in  all  of  the  north-eastern  {xprtion  of  Silwria, 
there  arc  said  to  be  berls  so  rich  that  they  might  rival 
those  of  Alaska.  Salt  is  unequally  flistributed,  but 
it  abounds  in  Western  Siberia.  In  the  district  of 
Akmolinsk,  on  an  average,  seven  or  eight  out  of 
every  ten  borings  yield  salt  water.  The  province-,  of 
the  Amur  and  of  the  sea  coast  are  consirlered  by 
Russia  of  great  importance.  They  have  been  colo- 
nised officially  at  great  expense,  anfl  for  a long  time 
all  foreigners,  unless  naturalised,  were  forbidden  the 
acquisition  of  land.  Recently  these  regulation-,  have 
been  changed  ; the  colony  is  thrown  open  and  the 
influx  of  foreign  capital  is  encouraged.  All  the  trans- 
Baikal  region  and  the  basins  of  the  Amur  and  Lena 
are  free  from  duty.  Sugar,  tobacco,  wine,  and  alcohol 
alone  pay  duty  at  Vladivostock  or  Xicolaevsk.  It  is 
expected  that  for  many  years  Siberia  will  offer  an 
immense  outlet  for  all  kinds  of  machinery,  and  special 
attention  might  be  paid  to  mining  machinery  and 
agricultural  machinery  and  implements.  L'ntil  lately 
there  were  no  agricultural  machines  in  Siberia. 
Siberia  also  offers  a market  for  wool-working  and 
match  - making  machiner}’,  paper  m ichinery,  and 
brewers’  and  sugar  machinery. 


THE  MEA  T PRODUCTS  OF  URUGUA  1*. 

The  principal  meat  product  of  Uruguay  is  tissajo, 
or  jerked  beef.  This  article  is  exported  to  Brazil. 
Cuba,  and  some  of  the  other  West  India  Islands,  and 
constitutes  the  {principal  article  of  food — so  far  as 
meat  is  concerned — in  the  former,  and  is  inqxprtant  in 
the  latter  countries.  The  United  States  Consul  at 
Montevideo  says  that  the  process  of  curing  is  .as 
follows.  After  the  animal  is  slaughtered,  the  entire 
carcase  is  cut  into  four  {pieces,  the  bones  taken  out  in 
an  ex{pert  manner,  and  e.ach  quarter  cut  in  such  a way 
that  it  forms  a large  slab.  This  slab  of  meat  is  hung 
on  a r.ack,  exposed  to  the  o{pen  .air,  to  cool.  After 
about  h.alf  an  hour  the  meat  is  put  into  strong  brine 
and  kept  there  for  about  a half  an  hour,  the  blood 
being  drawn  out  by  this  time.  These  slabs  are  then 
piled  one  upon  another,  and  between  each  layer  a 
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considerable  quantity  of  salt  is  placed.  It  remains  in 
this  pile  sufficiently  long  to  give  the  salt  a good 
opportunity  of  penetrating  all  parts  of  the  meat. 
After  this  the  slabs  are  put  on  racks  again  and  ex- 
posed to  the  sun  and  air,  and  from  time  to  time 
turned  so  as  to  expose  all  parts  equally,  until  it  is  in 
this  manner  sufficiently  cured.  The  meat  is  then 
piled  up  in  large  stacks  and  there  kept  for  days,  and 
piled  over  again  from  time  to  time  until  it  is  ready  to 
be  shipped.  It  is  then  put  into  burlap  coverings,  in 
bundles  of  about  100  kilogrammes  (220  lbs.)  more  or 
less,  and  placed  upon  the  foreign  markets  in  this 
shape.  The  nourishing  properties  of  this  class  of 
meat,  according  to  chemical  investigation,  are  stated 
to  be  50  per  cent,  of  its  original  state  when  fresh,  50 
per  cent,  of  its  nourishing  qualities  being  lost  by  the 
process  it  has  undergone — the  extraction  of  albumen 
by  salt,  &c.  The  number  of  cattle  slaughtered  for  the 
production  of  tassajo  during  the  year  amounts  to 
about  870,000  head  in  the  entire  republic  of  Uruguay, 
of  which  about  400,000  are  slaughtered  at  Monte- 
video. Next  in  importance  in  the  way  of  quantities 
of  cattle  used  for  export  products  is  the  Liebig  meat 
extract  manufactory  at  Fray  Bentos.  The  yearly 
slaughtering  for  the  production  of  this  article  amounts 
to  something  over  200,000  head.  Consul  Schramm 
says  that,  taking  into  consideration  that  100  lbs.  of 
good  solid  meat  yield  only  2^  lbs.  of  extract,  the 
immense  loss  of  alimentary  substance  to  the  world 
may  be  imagined,  and  therefore  from  a standpoint  of 
national  economy,  as  well  as  food,  the  production  of 
meat  extract  must  be  considered  as  a great  waste  of 
alimentary  matter.  No  doubt  this  fact  has  given  rise 
to  the  various  and  extensive  experiments  made  in  the 
field  of  chemistry  eveiy  where,  as  well  as  in  the  great 
meat-producing  country  Uruguay,  and  has  led  to  the 
discovery  made  by  the  Uruguayan  chemist.  Dr.  Valdes 
Garcia,  of  the  so-called  carne  liquida,  in  which  he 
endeavour  to  combine  the  qualities  of  the  extract  of 
meat  with  the  nourishing  properties  of  the  meat 
itself.  This  is  the  third  on  the  list  of  the  meat  pro- 
ducts of  the  country.  Up  to  the  present  the  process 
of  manufacture  of  this  liquid  meat  is  the  sole  secret 
of  Dr.  Valdes  Garcia,  and  he  takes  care  to  guard  it ; 
but  it  is  supposed,  that  with  the  greater  demand  and 
the  extension  of  the  output,  the  process  of  manufacture 
will  soon  become  common  property.  It  is  hardly  to 
be  presumed,  however,  that  other  countries  which 
have  not  such  great  facilities  for  the  raising  of  cheap 
cattle  will  ever  be  serious  competitors  in  the  produc- 
tion of  valuable  extracts  of  meat  with  Uruguay,  where 
the  cheapness  of  the  raw  and  original  material  is  the 
principal  factor  and  ingredient  of  the  fabrication. 
Fourth  and  last  on  the  list  of  meat  products  of  this 
country  are  the  preserved  meats,  shipped  to  foreign 
lands,  consisting  principally  of  canned  tongues  of  the 
cattle  slaughtered,  mutton,  and  some  few  other  kinds 
of  canned  meats.  The  amount  of  such  canned  tongues 
exported  during  the  year  is  about  2,500,ooolbs.,  and 
the  amount  of  other  meats  OJily  12,000  lbs.  Avery 
large  amount  of  talJow  is  also  exported. 


General  Notes. 


Bulgarian  Lithographic  Stone.  — H.M. 
Agent  and  Consul-General  at  Sofia  reports  in  a des- 
patch to  the  Foreign-office  that  lithographic  stone, 
said  to  be  of  excellent  quality,  has  been  disco^■ered  at 
Negoshevo,  in  the  Balkans,  not  far  from  Sofia. 
Messrs.  Popoff  and  Company,  the  concessionaires  of 
the  quarry,  not  having  sufficient  capital  to  work  it  to 
advantage,  especially  the  lower  strata,  where  the  best 
quality  is  found,  are  in  negotiation  with  a German  com- 
pany, and  hope,  when  funds  have  been  provided,  to 
produce  annually  about  300  waggon  loads  of  the  stone. 

Flower-growing  in  England. — Mr.  AVilliam 
E.  Bear  has  contributed  two  articles  on  “ Flower  and 
Fruit  Farming  in  England”  to  the  “Journal  of  the 
Royal  Agricultural  Society,”  and  the  result  of  his 
investigations  in  respect  to  the  first  of  these  two 
classes  is  “ that  flower-growing  is  greatly  extending 
in  this  country,  and  that  the  competition  among 
home  growers  is  becoming  more  and  more  severe. 
Foreign  supplies  of  flowers  have  increased,  but  not 
nearly  as  greatly  in  proportion  as  home  supplies,  and  it 
seems  clear  that  home  growers  have  gained  ground  in 
relation  to  their  foreign  rivals,  except  with  respect  to 
flowers  for  the  growth  of  w’hich  foreigners  have  extra- 
ordinary advantages.  . . . Whether  the  production 
of  flow'ers  as  a whole  is  gaining  ground  upon  the 
consumption  or  not  it  is  difficult  to  determine.  It 
is  true  that  the  prices  of  flow^ers  have  fallen  generally, 
as  those  of  nearly  all  other  commodities  have,  but 
production,  at  any  rate,  under  glass  has  been 
cheapened,  and  if  a fair  profit  can  be  obtained,  the 
fall  in  prices,  wdthout  which  the  existing  consumption 
of  flow'ers  w'ould  be  impossible,  does  not  necessarily 
imply  over  production.” 

Dutch  Cheeses. — A despatch,  dated  12th  August 
last,  has  been  received  at  the  Foreign-office  from 
H.M.  Minister  at  the  Hague,  transmitting  precis 
of  a published  report.  A meeting  has  been  held 
at  the  Chamber  of  Commerce,  at  Leiden,  to  con- 
sider the  causes  of  the  decrease  in  the  export  cf 
Dutch  cheeses  to  England,  and  in  the  report  of  this 
meeting  the  following  reasons  are  given  for  this  de- 
crease. It  is  attributed  (i)  to  severe  competition  on 
the  part  of  Canada,  arising  from  ad^’antages  owing 
to  low  prices  of  cattle  in  that  country,  cheap  rate  of 
land,  less  taxation,  and  cheaper  wood,  and  so  less 
expense  for  packing  purposes  ; {2)  to  the  fact  that  an 
inferior  article  is  put  into  the  English  markets  passing 
for  Edam  cheese,  and  of  the  same  form  and  colour, 
but  made  from  skimmed  milk ; (3)  to  the  preference 
of  the  British  public  for  cheeses  of  the  taste  and 
shape  of  cheddar  : the  London  shopman  also  prefers 
to  buy  the  latter  kind  inasmuch  as  once  cut  there  is  a 
less  tendency  for  the  remainder  to  dry  up  quickly ; 
(4)  to  the  high  prices  which  Dutch  cheese  obtains  in 
France,  Germany,  and  the  Netherland  colonies,  which 
operate  as  a reason  for  improvements  not  having  been 
adopted  to  regain  a lost  market. 
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All  communications  for  the  Society  should  be  addressed  to 
the  Secretary,  John-sireet,  Adelphi,  London,  JV.C. 


Notices, 


STVINEY  PRIZE, 

The  Council  have  to  give  notice  that  the  next 
award  of  the  Swiney  prize  will  be  in  January 
next,  the  fifty-fifth  anniversary  of  the  testator’s 
death.  Dr.  Swiney  died  in  1844,  and  in  his 
will  he  left  the  sum  of  ;^5,ooo  Consols  to  the 
Society  of  Arts,  for  the  purpose  of  presenting 
a prize,  every  fifth  anniversary  of  the  testator’s 
death,  to  the  author  of  the  best  published 
work  on  Jurisprudence.  The  prize  is  a cup, 
value  £\oo,  and  money  to  the  same  amount ; 
the  award  is  made  jointly  by  the  Society  of 
Arts  and  the  College  of  Physicians.  The  cup 
now  given  is  made  after  a design  specially 
prepared  in  1849  for  the  first  award,  by  D. 
Maclise,  R.A.  Any  person  desiring  to  submit 
a work  in  competition,  or  to  recommend  any 
work  for  the  consideration  of  the  judges,  should 
do  so  by  letter,  addressed  to  the  Secretary  of 
the  Society. 

The  following  is  the  list  of  recipients  : — 

1849.  J.  A.  Paris,  M.D.,  and  J.  Fonblanquc,  for 
iheir  work,  “ Medical  Jurisprudence.” 

1854.  I.eone  I.evi,  for  his  work  on  “ The  Commercial 
Law  of  the  World.” 

1859.  Dr.  Alfred  Swayne  Taylor,  F.R.S.,  for  his 
work  on  “ Medical  Jurisprudence.” 

1864,  Henry  Sumner  Maine  (afterwards  K.C.B.), 
D.C.L.,  IMember  of  the  Legislative  Council  of 
India,  for  his  work  on  “ Ancient  Law.” 

1869.  William  Augustus  Guy,  M.D.,  for  his  “Prin- 
ciples of  Forensic  Medicine.” 

1874.  The  Right  Hon.  Sir  Robert  Joseph  Phillimore, 
D.C.L.,  for  his  “Commentaries  on  International 
Law.” 

1879.  Dr.  Norman  Chevers,  for  his  “ Manual  of 
Medical  Jurispiaidence  of  India.” 

1884.  Sheldon  Amos,  M.A.,  for  his  work,  “A 
Systematic  View  of  the  Science  of  Jurisprudence.” 
1889.  Dr.  Charles  Meymott  Tidy,  hkC-S.,  for  his 
work,  “Legal  Medicine.” 

1894.  Thomas  Erskine  Holland,  D.C.L.,  for  fils 
■work,  “The  Elements  of  Jurisprudence.” 


Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

SOME  PKINCIIT.ES  OF  FOKM-I d-.SIGN 
JN  APITJKI)  ART. 

15y  Hugh  Stanxu.s,  F.R.I.H.A.* 
Lecture  III. — Delivered  Eehruary,  1898. 

MATERIALrrY  is  the  Law  which  pre- 
scribes that  the  Forms  of  objects  shall  be-  su-  h 
as  'W'ill  best  suit  the  Materials  of  whit  h they 
are  intended  to  be  made.  Each  Material  has 
its  ow'n  special  qualities — its  capabilities  and 
its  limitations — and  these  should  be  compared 
and  considered  by  the  artist  in  every'  design, 
so  that  he  may  glorify  his  material  ; not  treat- 
ing it  as  if  he  wished  he  had  some  other 
material  to  work-w’ith,  but  making  the  most 
of  the  possibilities  that  he  possesses.  Materials 
should  be  worked  in  the  manner  that  appears 
to  be  required  by  their  characteristic  qualities 
— i.e.  in  the  manner  in  which  it  is  easiest  to 
produce  the  best  effect  or  result,  or  as  a Crafts- 
man in  each  material  would  bound  his  efforts 
in  each  by  the  Technical  limilalions  of  each  : 
and,  though  occasionally'  some  work  may  be 
produced,  for  an  Exhibition,  by'  a clever  crafts- 
man, which  may  violate  all  considerations  of 
the  characteristics  of  the  material  vet  the 
Observer  perceives  that  the  principal  and  chief 
intention  may  be  (though  not  admitted]'  -to 
produce  a tour  de  force"  which  shall 
surprise  the  ignorant  and  advertise  the  Craft^;- 
man — rather  than  the  Artist’s  desire  to  mak<* 
one  more  beautiful  object  in  the  world  ; and  ho 
will  assess  its  value  accordingly.  The  writer 
who  pleads  for  sobriety  in  Technic  may  be 
sneered-at  by  the  ambitious  Craftsman,  who 
may  further  assert  that  he  has  used  his 
Material  in  a certain  manner  ; and  therefore  he 
has  demonstrated  the  possibility  of  thus  work- 
ing; but  he  may'  be  reminded  that,  while  all 
things  may'  be  lawful,  some  are  not  expedient, 
and  that,  just  as  there  is  only  “ one  step  from 
the  sublime  to  the  ridiculous’’,  so  Vulgarity 
ever  dogs  the  steps  of  the  ambitious  Self- 
seeker. 

The  CIIARACTEKISTIC  QUAT.ITIES  of  each 
individual  material  must  be  studied.  Detail 
which  is  suitable  to  all  Materials  equally,  is 
thereby  unsuitable  (in  the  highest  and  most 


* All  rights  in  those  fv»ur  lectures  are  reserved  by  the  author. 
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artistic  degree)  to  a?zy  particular  one. 
Without  pretending  to  give  an  exhaustive  list, 
some  of  the  more  prominent  qualities  may  be 
antithetically  arranged,  e.g. — Largeness  v 
Smallness,  of  available  pieces  of  the  material — 
Tenacity  v Brittleness,  in  the  consistency  of 
the  material — Ductility  v Rigidity,  in  the 
elasticity  of  the  Molecular-arrangement  — 
Fibrosity  v Crystallarity,  in  the  texture— Hard- 
ness V Softness,  in  the  surface — Fineness  v 
Coarseness,  in  the  cohesion  of  the  particles  — 
and  Opacity  v Translucency,  in  the  diascopic 
quality  of  the  material. 

Largeness  v Smallness,  of  the  available- 
size  of  the  material,  governs  the  design  of 
stone  Walls  ; and  the  eye  becomes  accustomed 
to  assess  the  bulk  or  thickness  of  the  wall 
from  observing  the  height  of  the  courses. 


Fig.  i8. 


So,  also,  in  brick  Walls,  with  their  String- 
courses and  Cornices  : the  dimensions  of  the 
Brick  (2|ins.,  by  qf  ins.,  by  8|ins.)  govern  the 


masses  of  the  design  to  a great  extent.  Also, 
in  wooden  Doors,  Shutters,  &c.  : the  breadth 
of  the  Deal-board  governs  the  width  between 
the  Framing-styles. 


Tenacity  v Brittleness,  in  the  coti- 
sistency  of  the  material,  governs  the  design 
of  all  isolated  objects. — In  Sculpture  : the 
difference  in  the  pose  of  the  Statue,  between 
bronze  and  marble  is  great.  The  Bronze- 
metal  has  great  Strength  and  Tenacity;  and 
poses  are  practicable  in  this  material  which  are 
quite  unsuitable  to  the  more  brittle  Marble.  In 
marble,  there  is  no  Equestrian-statue  without 
a Tree-stump  or  similar  adjunct  under  the 
Horse-body,  e.g.  in  the  Borghese  Centaur ; 
while  in  bronze,  the  Horse  of  fig.  i6  (p. 
903)  is  supported  on  the  legs  only,  and 
the  Horse  of  fig.  lo  (p.  901)  is  wholly 
supported  by  the  two  hind-legs.  There  is 
no  marble  statue  with  an  unsupported  out- 
stretched Arm  that  is  not  fractured,  e.g.  in 
the  Apox3mmenos  {i.e.  the  Athlete  who  is 
scraping  his  arm  with  a Strigil)  ; while  the 
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arm  of  Cellini’s  bronze  Perseus  is  uninjured  ; 
and  other  instances  mi^ht  be  added.  The 
Adjuncts,  which  often  tax  the  imaj^ination 
and  power  of  the  artist,  are  Tree-stumps, 
Drapery,  Animals,  Altars,  Blocks  indetermin- 
ate, &:c.  ; and  the  problem,  when  introduced, 
is  how  to  “conceal  the  art”,  i.e.  to  endow 
them  with  some  relation  to  the  Storiation  of 
the  Figure  or  Group,  e.g.  the  Tree  in  the 
Apollo  Sauroctonos,  the  Drapery  on  the 
Apollo  Belvedere,  the  Stag  with  the  Hunt- 
ress Diana,  the  Horses  of  fig.  12,  (Vc.— In 
isolated  Architectural  supports  : the  Candela- 
brum (fig.  18)  in  the  Duomo  at  Pietrasanta, 
(drawn  by  Mr.  George  Oakeshott)  which 
was  made  of  the  local  white  marble  by 
Stagio  Stagi,  exhibits  thorough  knowledge 
of  the  material,  in  the  manner  in  which  (in 
the  Profiling)  the  Minimum-thinness  is  kept 


sufficiently  thick  to  resist  sudden  shocks 
or  jars  ; and,  for  a similar  reason,  extreme 
Differences  of  Sectional-area  are  avoided : 


thus  the  Skotia-mouldings  (immediately  above 
and  below  the  vase-like-portion  which  is 
decorated  by  sphinxes  and  festoons)  are  one- 
half  of  the  diam(rter  of  the  projecting  Fillet 
(top-member  of  the  “ vase  ”),  i.c.  the  minimum 
area  is  not  less  than  one-fourth  of  the  maximum. 
In  bronze  the  Candelabrum  might  be  designed, 
as  shewn  in  fig.  19,  with  less  Bulk,  and  \sith 
greater  variety  of  Se(  tional-area  (thus  th<- 
corresponding  Skotia-moulding  i-.  !•  ss  than 
one-fourth  of  the  diameter  of  the  i'ill»-t,  /./ . 
the  minimum  area  is  le^  , than  en*  - i ' Ut Ii 
of  the  maximum.  In  \\'r'.ugh»-iron  : tin 

Candelabrum  might  be  designer],  a^  sh»-v\n 
in  fig.  20,  with  much  li-ss  Bulk,  and 
with  still  greater  variety  of  Se*  ti-mal-ar.  .i . 
It  will  be  further  observ'd  that  uhile 

the  Marble  example  is  solid,  the  Br'snze 
is  perforated  in  the  tripodal  base,  and  the 
Wrought-iron  (by  reason  of  the  thinne-,-  of 
the  bars  that  are  used  for  the  .Scrolls  i-, 
more  open  (skeleton-like).  Another  rr)m- 
parison  is  seen  in  fig.  21,  shewing  a Bra-.  Ve  t, 


Fk:.  21. 

supporting  a shelf,  in  which  the  I..H.  sketch 
shews  a wrought-iron  treatment  ; and  the  K.H. 
sketch  shews  cast-iron.  This  bracket  may  bo 
resolved  into  three  factors,  which  are  in  two 
different  kinds  of  strain  : the  horizontal  Top. 
and  the  vertical  Ikick  against  the  wall,  are  in 
tensile  strain  ; while  the  oblique  Front  is  in 
compressive  strain.  In  arranging  the  strength 
of  material  to  resist  each  kind  of  strain,  it  may 
be  stated  that  wrought-iron  is  strong  against 
Tensile-strain,  and  is  weak,  and  in  danger  of 
buckling,  when  used  thin  (as  in  this  example' 
against  Compressive  strain  ; the  material  is 
therefore  narrow  along  the  tensi»»nal  T»*p  and 
Back  ; but  is  broader  along  the  compressed 
Front.  So  also,  in  the  K.H.  sketch,  the  cast- 
iron  is  (comparatively)  thin  along  the  com- 
pressed Front  ; but  is  broader  along  the 
tensional  Top  and  Back.  The  material  is  thus 
used,  in  either  case,  in  the  most  advantageous 
manner. 

Dlxtii.itv  V Rrhihtv,  in  the  elasticity  of 
the  Molecular-arrangement,  governs  the  design 
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of  Objects  which  are  fashioned  by  the  operation 
of  hammering  a metal  plate.  In  fig.  22  the 


Fig.  22. 


three  sketches  shew  a Vase,  of  the  same 
capacity  and  general  mass,  made  in  three 
different  materials.  The  L.H.  one  is  of  clay’, 
the  centre  one  is  of  silver  ; and  the  R.H.  one 
is  of  sheet-iro7i.  These  three  Sketches  are 
typical  of  the  three  characteristic  qualities  of : 
the  Plasticity  of  the  clay,  the  Ductility  of  the 
sheet-of -silver , and  the  Rigidity  (in-ductility) 
of  the  iron-plate.  The  Clay,  receives  shape 
at  the  hands  of  the  Potter;  and  the  whole 
form  is  homogeneous.  The  Silver,  is  ham- 
mered, out  of  flat  sheets,  into  the  three 
portions  (Shoulder,  Panse,  and  Stem) ; and 
these  are  joined-together  by  being  soldered  to 
cast-silver  mouldings  (termed  “Mounts”), 
W'hich  are  shewm  in  the  sketch  at  the  junctions 
and  at  the  Lip  and  Foot.  The  Sheet-iron, 
(generally  used  with  a film  of  Tin  on  each 
surface  in  the  manufacture  of  what  is  mis- 
called “Tin-ware”  and  should  be  termed 
“Tinned-ware”)  cannot  be  hammered  into 
spherical  forms  except  at  great  expenditure 
(though  it  may  be  stamped  by  the  aid  of 
machinery)  ; hence  it  is  principally  used  in 
making  such  large  objects  as  have  forms  that 
are  developable,  i.e.  can  be  made  by  bending 
in  only  one  direction,  e.g.  the  Cylinder  and  the 
Cone  ; and  it  will  be  observed  that  of  the  four 
portions  of  the  Vase  in  the  R.H.  sketch  : the 
Neck  is  cylindrical’,  and  the  other  three 
portions  are  conical. 

Fibrosity  V Crystallarity  in  the  tex- 
ture, governs  the  design  of  Objects  made  of 
Wood,  &c.  (as  typical  of  fibrous  materials), 
and  of  Marble,  &c.  (as  typical  of  crystalline 
materials).  In  the  different  kinds  of  wood, 
Fibrosity  and  Lateral-cohesion  exist  in  varying 
degrees  : the  particular  kind  will  therefore  be 
chosen  according  to  the  kind  and  amount  of 
strain  to  be  borne.  In  most  of  the  woods 
which  are  used  in  Architecture  and  Furniture, 
the  fibres  run  approximately  straight,  and 
parallel.  That  Object  will  be,  therefore,  most 
in  accord  with  the  characteristic  qualities  of 


the  material,  most  economical,  and  most 
capable  of  bearing  strain,  in  which  the  fram- 
ing-portions are  designed  on  straight  lines. 
In  fig.  23,  the  three  sketches  shew  Objects 


made  of  wood.  In  the  centre  sketch,  of  the 
Table-leg,  it  will  be  observed  that  some  of  the 
fibres  of  the  w'ood  run  through  uninterruptedly 
from  top  to  bottom  ; and  this  leg  will  be  much 
stronger  than  that  of  the  L.H.  sketch,  the  design 
of  which  is  so  much  curved  that  all  the  fibres  are 
cut-across,  twice.  So  also,  in  the  R.H.  sketch, 
of  a Chair-back,  the  curvature  (so  dear  to  the 
mind  of  the  Shop-walker)  destroys  the  con- 
tinuity of  the  fibre  in  three  places.  The 
place-of-fracture  is  marked  by  small  dots  in 
each  case.  The  above  remarks  are  not 
intended  to  condemn  all  Curves  in  w'ood- 
wmrk  ; but  only  to  7'estrain  curvature  within 
such  limits  that,  in  all  curved  supports, 
some  portion  of  the  Fibre  shall  run-through 
from  top  to  bottom  without  interruption.  Nor 
are  they  intended  to  condemn  the  use  of  the 
curved  Braces  that  are  necessary  in  Ship- 
construction,  for  which  purpose  the  parts  of 
trees  that  have  grown  in  bent  attitudes  are 
selected.  CRYSTALLARITY  is  the  characteristic 
quality  of  Marble  ; and  renders  it  less  capable 
of  bearing  the  cross-strain  of  a horizontal 
Beam  than  the  compressive-strain  of  a vertical 
Support.  In  fig.  24,  the  two  sketches  shew 


Fig.  2p 

Mantle-pieces  made  of  vemed  Marble  (which 
is  w'eaker  than  homogeneous  marble)  with 
white  marble  Reveals  and  Mouldings.  The 
L.H.  sketch  shew^s  the  Beam  as  being  the  same 
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bulk  as  the  Supports  (and  therefore  less  in 
strength  because  of  the  cross-strain) : the 
Beam  should  be  broader,  while  the  Support 
might  be  narrower.  The  R.H.  sketch  shews 
the  mistake  corrected:  the  Support  in  com- 
pressive-strain is  decreased,  but  is  yet  sufficient 
for  its  load  ; and  the  Beam  in  cross-strain  is 
increased  in  bulk  ; and  is  made  longer,  in 
order  that  it  may  (theoretically)  take  some 
bearing  from  the  adjacent  Wall,  and  be  better 
“ bonded-in  ” to  it. 

Hardness  v Softness,  like  Fineness  v 
Coarseness,  in  the  surface  of  the  material, 
governs  the  design  of  all  Objects  that  have 
Corners,  in  positions  where  there  is  much 
Traffic. 

Translucency  V Opacity,  has  governed 
the  profiling  of  the  Mouldings,  in  Greek 
Architecture.  Their  profiles  have  resulted 
from  the  use  of  Marble  ; and  are  essentially 
suitable  for  marble  rather  than  stone,  in  the 
thick  cuspidate  Fillets  (which  would  appear 
heavy,  in  the  opaque  Stone)  and  the  deeply- 
cut  Quirks  (w'hich  were  necessary  to  obtain  the 
desired  depth  of  Shadow,  in  the  translucent 
Marble). 

Imperfections  of  the  Material,  can  be, 
and  are,  often  disguised  by  judicious  design. 
Cast-iron,  in  the  process  of  cooling,  sometimes 
twists  and  becomes  slightly  distorted.  This 
departure,  from  the  intended  form,  is  much 
more  apparent  in  straight  than  in  curved 
lines.  Hence,  in  cases  where  it  is  desired  to 
save  expense,  the  forms  will  be  broken- up  into 
small  curves,  a:;  shewn  in  the  sketches,  of  the 
Fire-back,  and  the  Coil-case,  in  fig.  25.  Terra- 


cotta is  a material  which  : (a)  cannot  be  made 
in  large  pieces  ; and  (b)  may  twist  slightly  in 
the  drying.  Hence  the  manner,  in  which 
Godfrey  Sykes  designed  the  columns  in  the 
Quadrangle  at  South  Kensington— arranging 
projecting  Mouldings  at  the  joints  ; and  high- 
relief  Drums  alternately  with  low-relief  ones, 
to  prevent  the  eye  running  up  the  Shaft — is 
worthy  of  all  praise. 

Rich  Material,  is  often  used  in  Slabs  or 


lamina:  to  cover  masses  made  of  poorer 
mate-rial.  iCxamples  are  seen  in  the  practice 
of  Veneering  with  .Marble  or  W'ood,  and  that 
of  Gilding  with  thin  sheets  of  f/old.  This 
practice  is,  however,  so  often  assoi  iaterl,  with 
attempts  to  deceive  by  un  .crupulou:  p»  "p!*-, 
that  it  should  be  used  only  in  such  a manner 
that  no  deception  is  possible,  'J  hus  in  fig.  2^^ 


Fig.  26. 

the  first  two  sketches  shew  m<-thods  of  apply- 
ing thin  slabs  of  Marble  (or  the  imitation  of 
that  material)  to  Walls.  The  L.H.  sket.  h 
shews  the  slabs,  cut  to  the  same  size  as  Ston*-- 
blocks,  and  breaking-joint  in  the  same  manner 
as  the  blocks  are  laid  in  the  operation  of  build- 
ing a wall  ; this  may  produce  the  impression 
that  the  wall  is  built  of  solid  blocks  of  valuable 
marble  ; and  it  is  directly  conducive  to  Decep- 
tion. The  centre  sketch  shows  the  slabs  cut 
to  a large  size,  and  placed  vertically  [i.e.  in 
such  a manner  as  no  wall  is  ever  built),  in  nar- 
row slabs,  which  are  alternately  reversed  so 
that  the  veining  or  “ pattern  ” of  the  marble  is 
reciprocally  matched  ; and  the  observer  sees 
that  they  are  vcmers  affixed  to  the  building 
for  beauty  of  colour,  and  with  no  attempt  to 
deceive  (as  has  been  eloquently  demonstrated 
by  Mr.  Ruskin).  The  R.H.  sketch  shews  a 
wooden  Door  the  panel  of  which  is  covered 
with  four  pieces  of  veneer,  reciprocally  matched. 
When  the  veneers,  either  marble  or  wood,  have 
the  same  “pattern  ”,  and  are  thus  matched : 
then  the  observer  perceives  that  they  are  con- 
tiguous slices  cut  from  the  same  block,  and 
not  separate  solid  blocks. 

IMLIWTION,  in  one  material  of  the  design  in 
another,  must  be  avoided.  Sometimes  this  has 
arisen  from  \Tneration  of  the  deeds  of  Ances- 
tors, as  in  the  Egyptian  Pylons,  the  Dorian 
Cornice,  the  I.ykian  Tombs,  or  the  Indian 
Caves.  Sometimes  from  Patriotic  Motives,  as 
I in  the  Swiss  imitations  of  M'ooden  architecture 
! that  arc  made  in  stone  and  brick.  Sometimes 
from  Vis-inertia  and  Indolence,  to  save  the 
i trouble  of  thinking,  which  reason  or  motive  will 
I be  avoided  by  every  true  Artist.  Each  Material 
i has  its  own  individual  beauty  of  Colour 
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or  Texture ; and — to  overlook  this  in  order  to 
make  it  simulate  the  treatment  of  some  other — 
is  one  of  the  surest  means  to  attain  to  Vulgarit3^ 

CONSTRUCTIONALTTY  governs  design 
as  it  relates  to  the  putting-together  or  fasten- 
ing-together of  the  several  portions  of  which 
an  Object  is  composed.  The  act,  of  fastening- 
together,  is  termed  Construction.  When  any 
portion  or  feature  is  an  integral  part  in  the 
putting-together,  it  is  said  to  be  Construc- 
tional. And  the  artistic  quality — of  being 
designed  in  such  a manner  that  the  Act  of 
putting-together  is  7tot  hindered,  and  the 
Result  of  that  act  is  7iot  hidde7i  — \s  termed 
Constructionality. 

The  Construction,  of  any  Object,  may 
be  : — (a)  acknowledged  and  glorified — (b) 
ignored — (c)  supplanted — and  (d)  confused. 

The  Acknowledgement  is  seen  most 
clearly  in  Architecture.  The  RUSTICATION  of 
Wall-joints  is  one  much-used  method.  It  will 
be  observed  that,  when  a Stone-block  rests 
upon  the  whole  of  its  under-surface,  the  edges 


Fig.  27. 


are  liable  to  chip-off.  This  is  obviated  by 
chamfering  the  edges,  making  Grooves  ; with 
the  result  that  the  Bearing-surface  is  recessed 
a small  distance  ; and  the  chipping-off  is  ren- 
dered impossible.  This  Grooving,  as  well  as 
preventing  the  chipping-off,  gives  an  artistic 


quality  to  the  face  of  the  Wall  ; and  the 
observer  assesses  the  thickness  of  the  Wall, 
by  the  distance-apart  and  the  coarseness  of 
the  Grooves.  The  Wall  of  the  lower  storeys  of 
a building,  having  more  weight  to  support  than 
the  wall  of  the  upper  storeys,  is  made  gradually 
thicker,  in  proportion  to  the  load  upon  it ; and 
this  fact  may  be  shewn  by  ditferent  degrees  of 
coarseness  in  the  Rustication,  as  is  shewn 
(partially)  in  fig.  27. 

The  String-course  has  important  functions 
in  Walls  that  (a)  have  Floor-beams  resting 
upon  them,  or  (b)  are  pierced  with  windows 
and  have  therefore  alternate  Piers  and  Voids. 
The  Stones,  of  the  Course  immediately  under 
each  storey  of  Floor-beams,  should  each  be, 
lo77g  (for  the  purpose  of  spreading  the  bear- 
ing), and  hard  (that  it  may  not  break,  under 
the  strain).  They  will  come-through  to  the 
face  of  the  wall  ; and  they  are  generally 
designed  to  project  a few  inches  in  front  of 
the  general  surface  ; and  are  often  decorated 


by  means  of  carved  Mouldings  upon  them. 
The  Stones,  of  the  Course  that  is  level  with 
the  Window-sills,  will  similarly  distribute  the 
weight  over  a wider  bearing  - surface,  when 
long  and  hard,  than  if  they  were  similar  to  the 
ordinary  stones  of  the  wall ; and  they  also  are 
designed  to  project,  and  decorated  by  mould- 
ings. Both  of  these  String-courses — the  Floor- 
string and  the  Pier-string — are  shewn  in  fig. 
27,  and  also  (more  clearly)  in  fig.  28.  The 
Annulet  on  the  shaft  of  engaged  Columns 
and  Pilasters  has  constructional  value.  The 
Piers  of  the  Nave -arches,  in  the  Early 
English  period  (which  were  designed  as  if 
bundles  of  columns)  are  connected  or  bound- 
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together  (in  appearance,  and  often  in  reality) 
by  Annulets.  Those  shewn,  in  fig.  29, 


have  the  effect  of  making  the  Pilaster  more 
an  integral  portion  of  the  Wall  than  if  it 


were  merely  placed-against  the  wall  without 
them.  The  VAt:i/rrNO-SHAFi  - in  our  noble 
(iothic  Cathedrals  are  admirable  "xamph  - of 
Constructionality.  ICach  of  the  two  keti  h.  , 
in  fig.  30,  shews  the  interior  of  a Nave.  '1  h** 
R.ii.  sketch  shews  a wooden  (o-iling  under 
the  roof)  and,  in  this,  the-  row  of  teiling-j  .i-.t  : 

distributed  (at  short  int(;rvals)  along  th‘-  - >trin:' 
at  the  top  of  the  Wall  ; and  there  is  n-;  p-  ■ ial 
need  for  making  (or  sut^gcsiing)  that  any  one 
part,  along  the  wall,  m-eds  to  !i<-  stronger  th  in 
any  other;  the  Design  is  tlvrefor.  perf<  tly 
consistent.  'J'he  I..H.  sketch  shews  a ^t  'ne 
Vault,  in  which  the  Vaulting-ribs  are  gatherecl- 
together,  to  spring  in  groups,  from  par*!  u ' r 
places  between  the  Clerestory-window-  ; and 
there  is  therefore  a need  that  the  wall  ho  ’ 1 
be  (and  appeaUj  stronger  under  th  •-  pla:  r ; 
and  hence  the  design  of  these  V'aulting-  haft  . 

DiSRKCiARl)  of  Constructionality,  is  .-.hewn 
in  many  objects  ; but  one  c.xampl'-  may  b- 
given,  in  the  Framed-panelling,  which  is  f>m  - 
times  attempted  with  Jlush  panels.  dhis 
method  does  not  acknowledge  the  styles  ; and 
generally,  when  the  wood  shrinks  and  the  joints 
open,  it  exhibits  the  faultiness  of  the  design. 

SUPPI-ANTING  the  Construction  is  g--n‘-r- 
ally  perpetrated  by  those  possessing  mop' 


Fig.  31. 


cleverness  of  imitation  than  logicality  of  per- 
ception. In  this  breach  of  good  taste,  th' 
artist,  instead  of  decorating  an  Object  with 
some  feature  that  he  has  chosen,  substitutes 
his  Feature  for  the  object.  Thus,  in  tig  31.  a 


Salad-bowl  is  shewn  as  if  composed  of  natural 
Cabbage-leaves.  There  is  no  objection  to 
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natural  leaves  as  a decoration  to  a Bowl ; but 
in  this  example  the  leaves  are  the  Bowl,  i.e. 
they  have  supplanted  the  Object  they  were 
intended  to  decorate.  The  sketch  in  fig'.  32 
suggests  how  they  may  be  used  without  de- 
stroying the  Bowl.  In  fig.  33  the  L.H.  sketch 


shews  the  Arm  of  a Chair  at  S.K.M.,  in  which 
the  Dolphin  is  the  Arm  ; and  the  R.H.  sketch 
shews  the  fish  as  “decorating”  the  Arm.  In 
fig.  34,  the  Harp  (taken  from  the  Irish  quarter- 


ing of  the  Arms  of  the  United  Kingdom)  is 
designed,  as  shewn  in  the  L.H.  sketch,  in  such 
a manner  that  the  Strings  must  be  screwed 
into  the  lower  edge  of  the  Wing-feathers  of  a 
Victory-terminal  - figure ; and  in  the  R.H. 
sketch  the  Figure  is  shewn,  not  as  su^plant- 


Fig.  35. 

ing  but  as  decorating  the  Harp-frame.  Per- 
haps, however,  the  most  interesting  examples 
are  seen  in  the  two  figs.  35  and  36,  in  one  of 


which  a Nautilus-shell  (somewhat  altered) 
serves  as  the  lip-spout  of  the  Ewer  ; and,  in  1 
the  other,  a sitting  Swan  discharges  the  water  ; 


Fig.  36. 


between  its  wings  ; and  (by  obligingly  keeping 
tight  hold  of  some  leaves  in  its  beak)  seiwes  the 
function  of  a handle  by  its  neck. 

In  the  Change  of  the  Material.s  of  which 
any  constructional  Feature  is  made  : there  is 
always  a danger  in  applying  the  same  section 
or  the  same  decoration  to  both  materials. 
The  student  will  be  on  safer  ground  if  he  or 
she  change  the  Treatment  at  the  change  of 
Material.  In  a well-known  church  in  South 
London,  there  are  wooden  ribs  which  abut 
against  stone  ones  ; and  the  Rib-moulding  is 
carried-through  both  without  any  break  of 
treatment  (in  section  or  otherwise).  In  fig.  37, 


the  L.H.  sketch  shews  a stone  Rib,  springing 
from  a stone  Wall,  and  supporting  a small 
transverse  stone  Wall ; and  in  the  R.H.  sketch, 
(which  shews  an  iron  Rib  resting  on  a stone 
Corbel,  for  performing  the  same  duty)  the 
change  of  material  is  emphasized  ; and  the 
characteristic  quality  of  each,  when  in  con" 
struction,  is  thereby  preserved. 


October  28,  1898.] 


JOURNAL  OF  THE  SOCIETY  OF  ARTS. 


917 


Miscellaneous. 


THE  MINhXG  INDUSTRIES  OF  NEW 
SOUTH  WALES. 

Gold  mining  was,  for  but  a brief  period,  the  leading 
industry  of  New  South  Wales,  but  at  the  present  time 
it  yields  in  importance  to  silver,  and  sometimes  to 
coal.  Although  the  settlement  of  New  South  Wales 
has  not  been  affected  by  the  discovery  of  gold  to  the 
same  extent  as  that  of  Victoria,  yet  the  number  of 
persons  engaged  in  actual  search  for  the  precious 
metal  was  at  one  time  considerable.  This  number, 
however,  has  gradually  decreased,  as  the  fields  have 
been  despoiled  of  the  treasures  contained  in  their 
easily-worked  alluvial  deposits,  and  many  of  the 
gold  miners  have  turned  their  attention  to  the  silver, 
copper,  and  tin  mines,  and  the  coal  and  shale  mines 
also  find  occupation  for  large  numbers.  The  date  of 
the  discovery  of  gold  in  New  South  Wales  was  for  a 
long  time  the  theme  of  much  controversy,  and  the 
question  as  to  the  original  discoverer  was  long  dis- 
puted. It  is  now  agreed,  however,  that  the  existence 
of  gold  was  known  to  the  authorities  during  the  early 
days  when  the  colony  was  a convict  settlement,  but 
for  obvious  State  reasons  the  matter  remained  a 
secret.  Native  gold  is  the  only  true  mineral  species 
of  gold  which  has  so  far  been  found  in  New  South 
Wales,  and  was  first  met  with  in  easily-worked 
allurial  deposits.  Although  the  alluvial  deposits,  dis- 
covered in  the  early  days,  have  been  practically 
abandoned,  and  are  considered  to  be  worked  out, 
there  is,  according  to  the  Government  statistician  of 
New  South  Wales,  ample  evidence  that  the  surface 
of  the  country  has  been  merely  scratched.  The  search 
for  gold  has  been  vigorously  prosecuted  for  more  than 
45  years,  and  still  new  gold  fields  and  fresh  deposits 
are  being  discovered — in  localities,  too,  supposed  to 
have  been  thoroughly  examined.  Gold  is  also  found 
in  quartz  veins,  in  conglomerates  in  the  coal  measures 
at  Tallawang,  and  in  carboniferous  strata.  The  total 
production  of  gold  in  1896  amounted  to  296,076 
ounces,  valued  at  ;^i,o~3,36o,  and  although  this  pro- 
duction was  not  so  high  as  in  1894  and  1895,  it 
exceeded  that  of  any  other  year  since  1873.  The  gold 
found  in  New  South  Wales  is  never  absolutely  pure, 
always  containing  traces  of  other  metals,  such  as 
copper,  iron,  and  bismuth,  and  often  a fair  per- 
centage of  silver.  To  the  presence  of  silver  its  bright 
colour  is  due.  New  South  Wales  gold  is  generally 
lighter  in  colour  than  Victorian  gold,  but  is  of  a 
deeper  yellow  than  that  found  in  the  fields  of  Southern 
Queensland.  Its  specific  gravity  averages  about  17*5. 
Up  to  the  year  1882  the  quantity  of  silver  raised  was 
very  small,  but  in  that,  and  the  following  years, 
extensive  discoveries  of  this  metal,  associated  prin- 
cipally with  lead  and  copper  ore,  were  made  in 
various  parts  of  the  colony,  notably  at  Boorok,  in 
Ihe  New  England  district,  and,  later  on,  at  Sunny 


Comer,  near  liathurst,  anrl  at  .Silvcrton,  Br'»kcn-hill, 
and  other  j>lace>)  on  the  liarricr  K mgc.  the 

year  when  silver  was  first  discfwered  doun  to  the  en'l 
of  1896,  the  value  of  silver  and  .il\cr  Ic^d  cxjjr-rtc  l 
from  New  South  Wales  amounterl  to  y,. 

Ihe  world’s  jiroduction  of  diver,  in  ojoc^cs,  darMiL' 
the  ten  years  ended  ha.*  Inrcn  d :i 

follows:— 1887,  96, 124, fxx^;  1888,  irj8,827/xxj;  i'^.: 
120,214,000;  1890,126,095,000;  1891,  i37,I7»/xxj. 
1892,  152,940,000  ; 1893,  \(i2,\(>2,(yx)  ; 1 ^#4, 

178.668.000  ; 1895,  i82,220,fxx>;  and 

186.042.000  ounces.  The  annual  output  of  NV* 

South  Wales  is  about  one-twelfth  of  the  total  pro- 
duction of  silver.  Tin  has  contributed  in  a very 
considerable  degree  to  the  general  devclo; — ;nt 
the  natural  wealth  of  the  colony,  and  in  ps^int  f 
value  its  aggregate  production  stands  in  the  fou?:h 
j)lace-next  to  gold,  coal,  and  silver.  For  the  vear 
1881  and  1882,  the  value  of  the  production  of  tin  ^ a 
even  in  excess  of  that  of  gold;  the  export  ohirii 
1894,  1896,  however,  was  the  .m.'ille-t 

the  opening  of  the  tin  fields.  Although  tin  mining  i> 
now  one  of  the  settled  industries  of  the  countn  . =tn  1 
the  supply  is  juactically  unlimited,  the  quantity  rrd-  I 
depends  almost  entirely  upon  the  price  reali  vd.  In 
1896  the  value  of  the  exj)orts  of  tin  only  amount  ( I t » 
^^68,546,  but  within  the  twenty-five  years  that  ha\c 
elapsed  since  the  opening  of  the  tin  fields,  the  v.vluc 
of  the  exports  has  been  j(66, 196.5 18.  The  coppv-r 
mining  industry,  which  at  one  time  attained  conriiler- 
able  dimensions,  reached  its  highest  point  of  pro- 
duction  in  1883,  but  from  that  year  there  was  a 
considerable  falling  off  in  consequence  of  the  decline 
in  the  price  of  the  metal.  There  is  now.  howe\er,  a 
gratifying  revival  in  the  industry,  and  the  pros|K'ct> 
for  the  futuVe  seem  to  be  of  a favourable  character. 
The  copper  lodes  of  New  South  Wales  contain  ores 
of  a very  much  higher  per-centage  than  those  of  many 
well-known  mines  worked  at  a profit  in  other  part>  of 
the  world.  The  value  of  the  exfwrts  of  cop|>er  in 
1896,  was  ^^197,814 — the  highest  production  since  the 
year  1888.  Iron  is  widely  diffused  throughout  the 
colony,  and  occurs  principally  in  the  fonn  of  magnetic 
brown  hematite  or  goethite,  limonite,  and  bvig  imn. 
Deposits  of  chrome  iron  are  also  found.  Magnetite  is 
the  richest  of  all  the  iron  ores,  sometimes  containing 
a little  over  72  per  cent,  of  available  metallic  iron, 
though  it  is  not  often  found  reaching  this  very  high 
per  - centage  ; and  the  ores  are  widely  distributed 
throughout  New  South  Wales.  Brown  hematite  or 
goethite  occurs  in  very  extensive  deposits  in  the  Blue 
Mountain  ranges.  Limonite  — a variety  of  brow  n 
hematite— principally  occurs  at  Lithgow.  Eskhank. 
and  Bowenfels,  in  the  Blue  Mountains,  in  the  Hunter 
River  Coalfield,  and  in  the  Illawarra  district.  Bc»g 
iron  ore,  which  is  impure  limonite,  is  princi|xilly  found 
at  ^littagong,  and  assays  of  this  ore  gave  an  average 
per  - centage  of  metal  of  more  than  45  jx>r  cent. 
Deposits  of  antimony  occur  in  the  colony  in  various 
places,  and  the  principal  centre  of  this  industry  is  at 
Hillgrove,  near  Annidale,  where  the  Eleanora  Mine, 
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one  of  the  richest  in  the  colony,  is  situated.  The  ore 
is  also  worked  for  gold.  The  value  of  antimony 
raised  during  1896  was  ;^i,834.  The  antimony 
industry  has  suffered  greatly  during  the  last  two 
years  from  the  low  price  of  the  metal,  and  the  output 
is  not  likely  to  improve  until  the  price  takes  an 
upward  tendency.  Deposits  of  manganese  ore  have 
been  discovered  in  various  parts  of  New  South 
Wales,  and  the  ore  is  found  extensively  in  con- 
junction with  iron  in  coal  and  limestone  country, 
and  often  contains  a small  per-centage  of  cobalt. 
Bismuth  is  found  associated  with  molybdenum  and 
gold  in  quartz  veins  in  the  neighbourhood  of 
Glen  Innes,  whence  the  quantity  raised  has  been 
chiefly  obtained.  The  largest  mass  of  native  bismuth 
yet  discovered  in  the  colony  weighed  more  than 
30  lbs.  Platinum  is  found  in  inconsiderable  quantities, 
and  mercury  in  the  form  of  cinnabar  has  been  dis- 
covered. Cobalt,  chromium,  tellurium,  wolfram,  and 
zinc  are  found.  Coal  was  first  discovered  in  the 
colony  in  1797,  and,  to  the  end  of  1896,  the  total 
quantity  extracted  from  the  New  South  Wales  mines, 
from  their  opening,  amounted  to  72,282,266  tons, 
valued  at  ;iC3i,8i9,33r,  the  quantity  raised  in  1896 
amounting  to  3,909,517  tons.  The  number  of  coal 
mines  under  inspection  in  New  South  Wales  at  the 
end  of  the  year  1896,  was  96,  being  a decrease  of  3 
from  the  figures  of  1895.  They  gave  employment  to 
9,233  persons,  of  whom  7,538  were  employed  under 
ground,  and  1,695  ^^bove  ground.  The  wealth  of  the 
colony  in  coal  is  enormous,  and  the  further  expansion 
of  the  industry  may  be  regarded  as  almost  certain. 
As  the  great  Australian  continent  is  only  in  the  early 
period  of  the  development  of  its  immense  resources, 
so  also  may  the  coal  mining  industr)^  of  New  South 
Wales  be  said  to  be  in  its  infancy.  New  South 
Wales  coal  is  said  to  compare  favourably  as  a heat 
producer  with  the  best  foreign  coal.  It  has  the 
advantage  of  a greater  specific  gravity,  and  it 
contains  less  sulphur.  The  existence  of  diamonds 
and  other  precious  stones  has  been  known  for 
many  years,  but  no  attempt  was  made  to  work 
the  deposits  until  the  year  1872.  In  the  course 
of  the  following  year  several  deposits  of  dia- 
mantilerous  wash  were  discovered  in  the  country 
near  Inverell,  in  the  New  England  district.  The 
number  of  diamonds  found  in  the  colony  to  the  end 
of  1896  is  estimated  at  107,000,  the  largest  being  one 
of  5|  carats  or  16-2  grains.  The  diamonds  occur  in 
old  tertiary  river  drifts  and  in  the  more  recent  drifts 
derived  from  them.  The  deposits  which  occur  in  the 
Inverell,  Bingara,  Mittagong,  Cudegong,  and 
Narrabri  districts  are  extensive,  and  have  not  yet 
been  thoroughly  prospected.  The  best  of  the  New 
South  Wales  diamonds  are  harder  and  much  whiter 
than  the  South  African  diamonds,  and  are  classified 
as  on  a par  with  the  best  Brazilian  gems.  Other 
precious  stones,  including  the  sapphire,  emerald, 
oriental  emerald,  ruby,  opal,  amethyst,  garnet, 
chrysolite,  topaz,  cairngorm,  onyx,  &c.,  have  been 
found  in  the  gold  and  tin  bearing  drifts  and  river 


gravels  in  numerous  localities  throughout  the  colony. 
Mica  is  known  to  exist  in  many  parts  of  New  South 
Wales,  but  has  never  yet  been  worked,  although 
there  is  a considerable  demand  for  the  article. 
Asbestos  has  been  found  in  veins  in  serpentine,  and 
alunite  occurs  as  a large  deposit  in  the  district  of 
Port  Stephens.  The  colony  possesses  a most 
abundant  supply  of  all  the  various  kinds  of  stone 
and  other  materials  for  the  building  and  adornment 
of  its  cities. 


DOGS  AS  DRAUGHT  ANIMALS  IN 
BELGIUM. 

In  the  western  portion  of  Belgium,  including  the 
two  Flanders,  the  dog  has  been  employed  beyond  the 
memory  of  man  as  a beast  of  burden.  There  are 
various  kinds  of  dogs  in  use  for  this  purpose,  large, 
medium  sized,  and  small  dogs,  strong  and  weak  dogs, 
smooth  coated  as  well  as  shaggy  dogs.  The  Belgian 
dog,  the  breed  being  known  only  by  this  name,  is  a 
large,  compactly  built  animal ; when  upright,  he 
measures  in  height  from  20  to  30  inches ; the  hair  is 
smooth  and  short  ; generally  tan  or  dark  brown  in 
colour.  Both  his  tail  and  ears  are  cut  short,  the 
former,  because  it  is  believed  that  the  strength  which 
would  otherwise  enter  into  this  extremity  is  retained 
in  the  spinal  column  and  haunches,  and  the  latter  in 
order  to  prevent  the  constant  flapping  of  the  naturally 
long  ears,  which  would  be  a great  inconvenience  and 
hindrance  to  their  work  when  annoyed  by  flies.  The 
United  States  Consul  at  Ghent  says  that  this  speci- 
men of  dog  has  been  employed  in  Flanders  for  years 
unnumbered.  These  dogs  are  seldom  harnessed 
single,  but  are  usually  driven  two,  three,  four,  five,  or 
even  six  abreast.  Five  or  six  of  these  animals  can 
easily  draw  a load  of  600  or  800  pounds  for  a con- 
siderable distance,  and  during  several  consecutive 
hours.  The  level  plains  of  western  Belgium  and 
Plolland  are  especially  suitable  for  the  employment  of 
dogs  for  hauling  purposes.  While  in  mountainous 
regions  they  are  not  practicable  for  heavy  loads,  still 
in  slightly  undulating  country  they  are  able  to 
out  - distance  horses  for  long  - distance  hauling. 
For  example,  the  distance  between  Ghent  and 
Brussels  is  thirty-four  miles ; ordinary  horses  re- 
quire four  hours  to  cover  it,  while  a team  of  dogs 
will  easily  go  over  the  ground  in  three  hours 
without  any  apparent  fatigue.  A good  team  of  two 
to  four  dogs  will  draw  a pedlar’s  load  from  5 a.m.  to 
8 p.m.  with  only  such  short  intervals  of  rest  as  they 
may  obtain  during  the  sale  of  goods.  The  Belgian 
dog  may  be  put  to  work  when  about  a year  old,  and 
can  be  employed  daily  for  eight  or  nine  years  He 
generally  lives  to  be  ten  or  eleven  years  of  age.  After 
death  the  skin  is  still  of  value  for  tanning  purposes. 
The  training  of  these  animals  is  very  simple.  It  is 
customary  to  fasten  the  young  dog,  when  about  six 
months  of  age,  alongside  experienced  dogs  and  with- 
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out  giving  him  any  load  to  draw,  thus  to  teach  him 
to  run  in  harness.  The  prices  of  the  dogs  vary. 
Young  ordinary  dogs  sell  for  about  25s.  to  30s.,  a good 
specimen  between  one  and  three  years  of  age  brings  40s. 
to  50s.,  while  a very  fine  animal  will  cost  603.  The 
number  of  dogs  employed  as  draught  animals  in 
Belgium  is  very  considerable,  but  exact  statistics  on 
this  subject  are  not  obtainable.  According  to  the 
police  registers  of  Ghent,  2,037  dogs  are  licensed  as 
draught  animals  in  that  city.  These  animals  are 
exempt  from  the  tax  imposed  on  pet  house  dogs, 
which  number  3,775  in  Ghent,  for  a population  of 
, 160,000.  Properly  speaking,  there  is  no  organised 
i trade  in  these  animals  anywhere  in  Belgium ; dog 
markets  are  held,  but  the  only  people  who  frequent 
them  are  small  farmers  or  merchants  who  may  have 
an  extra  dog  not  necessary  for  their  business 
which  they  may  wish  to  sell.  There  are  no  efforts  to 
improve  the  breed,  and  in  all  probability  by  reason  of 
the  hap -hazard  crossing  with  other  breeds  it  is  more 
likely  degenerating.  Consul  Morris  has  been  informed 
by  an  authority  in  Belgium  that  in  this  respect  im- 
provement could  be  made,  as  if  there  were  a systematic 
and  scientific  crossing  of  the  Belgian  dog  with  the 
Ulm  dog  or  Great  Dane  a better  breed  would  be 
obtained.  Such  efforts  have,  however,  never  been 
made  in  the  country  as  the  market  price  of  dogs  does 
not  justify  the  expense.  The  food  and  maintenance 
of  the  dogs  are  trifling  items  of  expense,  one  large  dog 
being  able  to  subsist  on  the  kitchen  waste  of  a house- 
hold of  five  or  six  persons.  Properly  speaking,  daily 
meat  is  indispensable,  but  very  few  of  the  Belgian 
animals  get  it.  In  the  country  districts  the  dogs’ 
food  is  exclusively  milk,  bread,  and  vegetables,  but 
still  he  seems  to  thrive  upon  it  and  to  be  healthy.  The 
carts  in  ordinary  use  weigh  about  100  or  120  pounds. 
The  harness  is  a horse’s  equipment  in  miniature, 
the  only  peculiarity  of  it,  is  that  the  pad  or 
saddle  placed  on  the  back  is  relatively  much  thicker 
and  stronger  than  in  the  harness  of  a horse.  A 
good  set  of  harness  made  of  leather  costs  from  5s. 
to  8s.  It  may  be  taken  that  the  general  and  common 
use  of  dogs  as  draught  animals  throughout  Belgium 
tends  to  prove  that  under  the  conditions  existing 
there  they  are  a great  economy  and  an  important 
factor  in  the  labour  question. 


THE  FOREIGN  POPULATION  OF 
GERMANY. 

The  foreign  population  of  Germany  is  not  a large 
one,  since  the  proportion  is  only  -93  per  cent,  of  the 
total  population,  while  in  Belgium  it  is  2-80,  in 
France  2-97,  and  in  Switzerland  7*7  j)er  cent.  In 
December,  1871,  the  foreign  population  of  the  Empire 
numbered  206,755  persons,  but  at  the  last  census 
enumeration  {December,  1895),  number  had  risen 
to  486,190,  or  an  increase  of  I35'2  per  cent,  within 
the  space  of  a quarter  of  a century.  In  France  the 
number  of  foreigners  increased  by  38  per  cent,  only 
from  1871  to  1896,  passing  from  740,600  to  1,027,491. 


An  interesting  point  to  note  in  the  population 
statistics  of  the  German  Empire,  is  the  small  number 
of  foreigners  in  Berlin,  only  27,000,  a figure  l^clow 
that  of  the  foreign  population  of  Vienna  3 EOS  4 >n 
1890),  of  I.ondon  (95,053  in  1891 and  particularly  o'” 
Paris,  in  which  city  there  are  180,000  foreigner-*.  The 
foreign  population  of  Berlin,  small  as  it  i»,  ha,  never- 
theless increased  of  late  years  ; it  was  only  17,866  in 
1891,  so  that  in  five  years  there  has  been  a gain  of 
55-6  per  cent.  As  regards  the  nationalities  of  the 
foreign  residents,  Austro-Hungarians  head  the  li->t 
with  a total  of  222,952  persons,  Dutch  come  next  with 
5o>743»  -Swiss  44,875,  Danes  28,146,  Russians  26,559. 
Italians  22,693,  French  19,619,  English  15. 2^/0, 
Americans  15,788,  other  races  39,525.  As  reg-ard^ 
the  distribution  of  the  sexc-;,  the  foreign  populatior,  of 
Germany  differs  from  that  of  France.  In  the  latter 
country  the  proportion  is  86  women  to  100  men, 
while  in  Germany  the  proportion  of  the  sexe-,, 
regards  the  foreign  population,  is  as  follow-,:  78 

women  to  lOO  men.  If  the  aggregate  population  of 
the  Empire  be  taken,  the  proportion  would  l>e  103 
women  to  100  men.  In  Berlin  the  proportion  of 
women  to  men  is  82  per  cent.,  and  this  rate  falls  in 
the  provinces  of  Prus.sia,  in  Westphalia,  and  reached 
its  minimum  in  Pomerania — 49  per  100  men.  The 
proportion  of  women  is  highest  in  .Saxony.  A> 
regards  the  civil  condition,  the  profession,  and  the 
religion  of  the  foreign  population  of  Germany,  there 
are  no  official  data  as  yet  available. 


THE  LIBRA  RV. 

The  following  books  have  been  presented  to 
the  Library  since  the  last  announcement  . - 

British  Columbia. — The  Year-book  of  British 
Columbia,  and  Manual  of  Provincial  Information. 
(Victoria,  B.C.)  I’rcsentcd  by  the  Agent-General. 

Cams- Wilson,  Professor  C.  A.,  M.A. — Electro- 
Dynamics:  the  Direct-current  Motor.  (London: 
Longmans,  Green,  and  Co.,  1898.)  Presented  by  the 
Publishers. 

Cheetham,  T.  A. — Elementaiy  Chemistry,  Prac- 
tical and  Theoretical  : First  Year's  Course.  (London  : 
Blackie  and  Son,  1898.)  Presented  by  the  Publishers. 

Cowie,  Andson. — English-.Sulu-Malay  Voc.abulan.-. 
with  Useful  Sentences.  Edited  by  Wm.  Clark 
Cowie.  (London,  1893.)  Presented  by  the  Editor. 

Grey,  Henry. — The  Classics  for  the  Million. 
(London  : John  Long,  1898.)  Presented  by  the 
Author. 

Heaton,  Aldam.— Beauty  and  Art.  :L<>mlon: 
Wm.  Ileinemann,  iS()7.)  Presented  by  the  Autlvn. 

Hull,  Edward.  LL.D.,  F.R.S. — Onr  Coal  Re- 
sources at  the  Closc  of  the  Nineteenth  Century. 
(London:  E.  and  F.  X.  Spoil,  1897.)  Presented  by 
the  Author. 

Ives,  Frederic. — Kroniskop  Color  Photography. 
(London:  Photochromoscope  .Syndicate.  189S.;  Pre- 
sented by  the  Au‘hor. 
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Kingzett,  C.  T.  and  D.  Homfray,  B.Sc. — A 
Pocket  Dictionary  of  Hygiene.  (London  : Bailliere, 
Tindall,  and  Cox,  1898.)  Presented  by  C.  T.  King- 
zett. 

Nevvtb,  G.  S. — A Manual  of  Chemical  Analysis  : 
Qualitative  and  Quantitative.  (London  : Longmans, 
Green,  and  Co.,  1898.) 

Schreiner,  S.  C.  Cronwright.—  The  Angora  Goat. 
(Published  under  the  auspices  of  the  South  African 
Goat  Breeders’  Association,  by  Longmans,  Green, 
and  Co.,  London,  1898.)  Presented  by  the  Association. 

Spons’  Architects’  and  Builders’  Price  Book.  By 
W.  Young.  (London  : E.  and  F.  N.  Spon,  1898.) 
Presented  by  the  Publishers. 


General  Notes. 


The  Population  of  Egypt. — During  the  last 
hundred  years  the  population  of  Egypt  has  shown  a 
constant  increase.  In  1800  it  consisted  of  2,460,200 
souls,  in  1846  this  number  had  increased  to  4,476,440, 
and  in  1882  to  6,813,919.  At  the  present  time  the 
population  is  estimated  at  9,734,405,  and  if  it  con- 
tinues to  increase  in  the  future  in  the  same  propor- 
tion as  in  the  past  it  will  amount  by  the  year  1912  to 
about  12,000,000.  As  regards  the  distribution  of  the 
sexes,  there  are  4,947,850  males  and  4,786,555  females, 
and  these  figures  include  112,526  foreigners.  France 
has  supplied  14,155,  the  United  Kingdom  19,557. 
The  most  numerous  of  the  foreign  inhabitants  are  the 
Greeks,  who  number  38,172,  then  come  the  Italians, 
24,467,  and  (after  the  French  and  English)  Austrians 
7,117,  Russians  3,193,  Persians  1,301,  Gennans  1,277, 
Spaniards  765,  Swiss  472,  Americans  291,  Belgians 
256,  Dutch  247,  Portuguese  151,  Swedes  and  Nor- 
wegians 107,  Danes  72,  and  923  of  other  nationalities. 
In  Lower  Egypt  there  are  5,676,109  inhabitants  and 
in  Upper  Egypt  4,058,296.  Public  instruction  leaves 
much  to  be  desired,  for  of  the  entire  population  only 
467,886  persons  are  able  to  read  and  write,  there  are 
therefore  9,266,819  inhabitants,  or  95  per  cent,  of  the 
aggregate  population  completely  illiterate.  What  is 
even  more  extraordinary  is  the  fact  that  6,486,498 
persons,  or  about  two-thirds  of  the  entire  population, 
are  without  any  trade  or  profession. 

Higher  Education  in  Saxony,— A report  has 
recently  been  made  by  the  United  States  Consul  at 
Chemnitz,  upon  the  “ further  developing  ” schools 
of  Saxony.  With  a population  of  3,783,014  the 
kingdom  has  1,953  of  these  schools,  with  75,358  boys 
and  1,699  attendance.  Besides  these  there 

are  39  higher  industrial  schools,  with  10,660  scholars  ; 
1 12  industrial  technical  schools,  with  10,1 19  scholars  ; 
44  commercial  schools,  with  4,781  scholars;  ii  agri- 
cultural schools,  with  691  scholars;  7 schools  of  all 
kinds  of  work  for  girls,  with  1,569  scholars,  and  18 


technical  schools  for  girls,  with  2,445  scholars. 
Saxony’s  wonderful  wealth,  her  industrial  greatness, 
and  the  fact  that  she  sends  out  to  other  parts  of  the 
world  vast  quantities  of  all  kinds  of  wares,  toys, 
textiles,  tools,  and  machines,  attest  the  importance  of 
these  schools.  To  explain  just  what  is  meant  by  the 
term  “ further  developing,”  the  Consul  adds  that  the 
system  of  common  school  education  under  Avhich  boys 
and  girls  were  given  an  ordinary  training  up  to  their 
fourteenth  year  was  found  inadequate.  Compulsory 
education  was  established  for  graduates  of  the  com- 
mon schools.  The  hours  of  attendance  are  early  in 
the  morning  or  a certain  number  of  afternoons  each 
week.  Manufacturers,  merchants.  See.,  are  made 
responsible  for  the  attendance  of  the  boys  in  their 
employ,  and  the  latter  make  a special  study  of  the 
trade  in  which  they  are  occupied. 


MEETINGS  FOR  THE  ENSUING  WEEK, 

Monday,  Oct.  31. ..Farmers’  Club,  Salisbury- square  Hotel, 
Fleet-street,  E.C.,  4 p.m  Mr.  W.  Anker  Sim- 
monds,  “ The  (New)  Agricultural  Holdings  Act.” 

Tuesday,  Nov.  i... Central  Chamber  of  Agriculture  (at  the 
House  of  the  Society  of  Arts),  ii  a.m. 

Civil  Engineers,  25,  Great  George- street,  S.W,,  8 
p.m.  Inaugural  Address  by  the  President.  Mr.  W. 

H.  Preece. 

Wednesday,  Nov.  2. ..Sanitary  Institute.  74A,  Margarct- 
street,  W.,  8 pm.  Dr.  Alfred  Hill,  ” Diseases  of 
Animals  in  relation  to  Food  Supply.” 

Thursday,  Nov.  3...Linnean,  Burlington-house,  W.,  8 p.m. 

I.  Prof.  H.  Marshall  Ward  and  Miss  Dale,  “ Cratc- 
rosiigma  pznnilnm,  Hochst.”  2.  Rev.  T.  K. 
Stebbing,  “ Amphiphoda  from  the  Copenhagen 
Museum  and  other  Sources.  Part  II.”  Exhi- 
tions  : — I.  Prof.  Howes,  Embiyos  of  Hatferia. 
2.  Mr.  Alan  F.  Crossman,  Photographs  of  Chicken 
with  foster-parent  a Common  Buzzard.  3.  Messrs. 
H.  and  J.  Groves,  Nitclla  hyaliiia,  Ag.,  a new 
British  Plant. 

Chemical,  Burlington-house,  W.,  8 p.m.  i.  Mr. 
George  Dean,  ‘‘A  Determination  of  the  Equivalent 
of  Cyanogen.”  2.  Mr.  E.  Sonstadt,  ‘‘Note  on  the 
Action  of  Light  on  Platinum,  Gold,  and  Silver 
Chlorides.”  3.  Mr.  E.  H.  Bagnall,  ‘‘Methane- 
trisulphonic  Acid.”  4.  Mr.  W.  J.Pope,  ‘‘A  Com- 
posite Sodium  Chloral  Crystal  in  which  the  Twin- 
law  is  not  followed.”  5.  Dr.  Sydney  Young, ‘‘ The 
Composition  of  American  Petroleum.”  6.  Drs. 
F.  E.  Francis  and  S}’dney  Young,  ‘‘The Separation 
of  Normal  and  Iso-heptane  from  American  Petro- 
leum.” 7.  Mr.  D.  H.  Jackson  and  Dr.  Sydney 
Young,  “The  Boiling  Points  and  Specific  Gravities 
of  Mixtures  of  Benzene  and  Normal  Hexane.” 
8.  Drs.  F.  E.  Francis  and  Sydney  Young,  “ The 
Action  of  Fuming  Nitric  Acid  on  the  Paraffins  and 
other  Carbons.” 

Friday,  Nov.  4... Sanitary  Institute,  74A,  Margaret-street, 
W.,  7 p.m.  Mr.  Henry  R.  Kenwood,  “ Infectious 
Diseases  and  Methods  of  Disinfection.” 

Geologists’  Association,  LTniversity  College,  W.C., 
8 p.m.  Conversazione. 
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Notices. 


ARRANGEMENTS  FOR  THE 
SESSION. 

The  First  Meeting  of  the  One  Hundred  * 
and  Forty-fifeh  Session  will  be  held  on  Wed- 
nesday evening,  the  i6th  of  November,  when 
an  Address  will  be  delivered  by  Sir  John 
Wolfe  Barry,  K.C.B.,  M.Inst.C.E.,  F.R.S., 
Chairman  of  the  Council. 

Previous  to  Christmas  there  will  be  four 
Ordinary  Meetings,  in  addition  to  the  Opening 
Meeting.  The  following  arrangements  have 
been  made  r— 

November  16.— Opening  Address  by  Sir  John 
AVolfe  Barry,  K.C.B.,  M.Inst.C.E.,  P'.R.S., 
Chairman  of  the  Council. 

November  23. — “ Eong  Distance  Transmission  of 
Electric  Power.”  By  Prof.  Geo.  Forbes,  E.R.S. 

November  30. — “ Photographic  Developers  and 
Development.”  By  C.  H.  Bothamley,  E.C.S. 

December  7. — “ Egypt  and  the  .Soudan,  in  1897 
and  1898.”  By  AV.  T.  Maud. 

December  14. — “ Commercial  Education.”  By 
Sir  Albert  Rollit,  LL.D.,  M.P. 

Papers  for  meetings  after  Christmas  : — ■ 

“ Tuberculosis  in  Animals.”  By  AV.  HrNTiNG. 

“ Canals  and  Inland  Navigation  in  the  Uniteil 
Kingdom.”  By  L.  F.  Vernon-Harcourt,  M.A. 

“ Preservation  of  Timber.”  By  S.  B.  Boulton. 

“ Electric  Traction  and  its  Application  to  Railway 
AVork.”  By  Philip  Dawson. 

“ Coal  Supplies.”  By  T.  Forster  Brown, 

“ AATreless  Telegraphy.”  By  AV.  II.  Preece, 
C.B.,  E.R.S. 

“Leadless  Glazes.”  By  AVilton  P.  Rix. 
Indian  Sfxtion. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Thursday  afternoons,  at  4.30 
o’clock 

January  19,  February  9,  Alarch  9,  April  13,  Alay 

11,25.  

Foreign  and  Colonial  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  afternoons,  at  4.30 
o’clock  : — 

December  6,  January  24,  February  28,  April  25. 


At  the  meeting  before  Christmas  the  follow- 
ing paper  will  be  read  • — 
dlJESlJ.W,  Duf  FCMBFK  (>.  “The  Van;::-'-  B.-.rin 
and  the  Briti>h  .S|»heM:.”  I’.y  .Ar'llMAIf*  Lll  ll^, 
F.K.G..S.,  of  fdiungking. 

Numerous  l.mlem  slide-,  f)f  ihe  I'pjer  •• 

and  beyf)nd  will  be  -hown  ;tnd  <Ie''iil*d  l>)  .Mr  . 
I a T I LE. 


AI’I'MED  AKI  SE(  Ifo\. 

'J'he  meetings  of  this  Ser  tion  will  t.ik-  [.bw  . 
on  the  folhiwing  Tuesday  e\.-ning^  a?  ^ 
o’clock  : — 

January  31,  February  21,  Marrh  14,  .\;  ril  18 
May  2,  30. 


Cantor  Lectures. 

The  following  courses  of  Cantor  hxtures 
will  be  delivered  on  Monday  evenings,  at  8 
o’clock  : — 

Prof.  Vivian  B.  Lewes,  “Acetylene."  1-V»ur 
Lectures. 

Lecture  L— Novembfr  21. 

The  history  of  acetylene  — Mcthod>  of  formation  - 
The  chemistry  of  acetylene— The  jiart  pl.ayed  by 
acetylene  in  ordinary  luminous  fl.imc-. 

Lecture  II. — November  28. 

The  commercial  production  of  acetylene  C.iirir 
carbide  and  its  j)ropcrties — The  electric  furnace  .m  l 
the  various  modifications  in  use  for  c.'ibide  manu- 
facture—Carbide  without  electrical  j>owcr- Cairiage 
and  storage  of  carbide. 

Lecture  III. — December  5. 

The  commercial  generation  of  acetylene —The 
of  generator  in  use — The  actions  taking  phicc  in 
acetylene  generators,  and  the  cllcct  uj'ou  the  g.i-* 
])roduccd— The  purillcalion  of  acel\lcnc  h r d»  m?.'tic 
con  sum  }■)  tion. 

Lectl’Rk  IV.  — December  12. 

The  combustion  of  acetylene— Acetylene  burner^  — 
Smoking  and  carbonising  of  burners— Burner-  h-r 
heating — Acetylene  hu  gas  engines  - Diluted  .Ncetv- 
lene  and  its  api^lications. 

J)R.  Samuel  Ridkal,  “ Bacterial  Puriticaticn 
of  Sewage.”  hour  Lectures. 

January  16,  23,  30,  February  0. 

Archihald  Sharp.  A. M.Inst.C.E..  -‘tAvle 
Construction  and  Design.”  Four  Lectures. 
I'ebruary  20.  27,  Alarch  (>.  13. 

Prof.  Henry  R.  Proci  er.  *•  Leather  Manu- 
facture.” Four  Lectures. 

April  10,  17,  24.  May  i. 

^ Juvenile  Lectures. 

Two  Lectures,  suitable  for  a Juvenile 
audience,  will  be  delivered  on  \\  ednesdav 
evenings,  the  4th  and  11th  of  January,  at 
Seven  pan. 
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Proceedings  of  the  Society. 

♦ 

CANTOR  LECTURES. 

SOME  PRINCIPLES  OF  FORM-DESIGN 
IN  APPLIED  ART. 

By  Hugh  Stannus,  F.R.I.B.A.* 
Lecture  IV. — Delivered  7 March,  i8q8. 
The  Mass-shape,  or  Mass-form,  of  Objects, 
is  governed  by  a group  of  Laws,  of  which  the 
Law  of  Accentuation  is  one  extreme  ; and 
the  Law  of  MOLLIFICATION  is  the  other.  (The 
intermediate  Law,  in  regard  to  the  Shape  or 
Form,  is  the  Law  of  Decision  ; and  that,  in 
regard  to  Surface,  is  the  law  of  Breadth.) 
Thus,  in  regard  to  the  Shape  of  the  quadrate 
Figures,  in  fig.  38  : the  central  sketch,  marked 


D,  is  the  normal  or  intermediate  shape  ; the 
R.H.  sketch.  A,  is  accentuate  ; and  the  l.h. 
sketch,  shews  the  angles  as  softened  or 
mollified.  So  also,  in  regard  to  the  Form  of 
the  Object  (a  Gable),  in  fig.  39  : the  central 


sketch,  marked  D>  is  the  normal  or  inter- 
mediate form;  the  R.H.  sketch.  A,  is  accen- 
tuate; and  the  L.H.  sketch,  JV!,  shews  the 
corner  as  mollified.  In  regard  to  Surface  : vid. 
seq.  the  Law  of  Breadth. 

ACCENTUATION  is  the  first  of  the  group 
of  Laws  which  govern  the  design  of  Mass. 
The  term  is  derived  from  two  Latin  words 
which  signify  the  singing  (some  parts  of  a 
melody)  with  more eney'gy  (than  the  remainder). 
The  first  Note  of  each  Bar  is,  usually,  thus 
marked  (for  Time-measuring  reasons)t  ; but 
other  Notes  are  also  sounded  with  energy,  for 
Expression  as  a part  of  the  Design  of  the 
Tone-artist.  So  also,  in  other  Applied-arts  — 

* All  rights  in  these  four  lectures  are  reserved  by  the 
author. 

t The  time-measuring  Accentuation  is  analogous  to  the 
Law  of  Repetition  ; and  will  be  treated  of  under  that  head. 


when  one  Sentence  or  Word  is  enunciated  with 
more  energy  than  the  remainder  of  the  Oration 
— one  Feature  or  Detail  is  marked  with  more 
C7iergy,  in  Projection,  in  Mass-shape  beyond 
the  general  mass  of  the  Object,  or  in  Relief 
in  front  of  the  general  surface  of  the  Ground, 
or  in  Colour,  stronger  than  the  general  Tint  or 
Tone — then  it  is  said  to  be  “ accentuated”. 

Examples  are  seen  in  Nature  : in  the 
Eye-brows,  and  Lips,  for  Colour  ; and  in  the 
Moustache,  Beard,  Mane,  and  Tail,  for  Form — 
in  Dress  : in  the  Cocked-hat  with  its  turned- 
up  or  “ cocked  ” brim  ; the  curved  brim  of  the 
ordinary  high  Hat ; and  the  Epaulettes  - in 
Architecture  : in  the  Gablet  at  the  top  of 
the  Hipped-roof  (sketch  A,  in  fig.  39)  ; the 
Akroters  on  the  Pediment  (fig.  ii,  p.  902) ; the 
Anta  or  thickening  of  the  Wall-end  in  a Greek 
Temple  ; the  projecting  horns  of  the  Korinthian- 
abakos  (sketch  K,  in  fig.  6,  p.  898) ; the  Cornice 
at  the  Wall-top  (figs.  27  and  28,  p.  914) ; the 
Arris  between  each  two  flutes  of  the  Dorian 
Column-shaft  (but  see  last  paragraph  of 
Functionality,  in  Lecture  I)  ; the  Quirking  and 
Cusping  of  Greek  Mouldings  ; and  the  Hood- 
mould  in  the  Decorated-period — in  Profiling, 
&c.  : in  the  late  Greek  Sepulchral-vase,  two  of 
which,  from  the  Central  Museum  at  Athens, 
are  shewn  in  the  first  two  sketches  of  fig.  40 
(these  err  against  the  Law  of  Materiality  by 
reason  of  the  projecting  Lips  and  Bases  and 
the  thin  Handles,  which  would  be  broken  in 
daily  use  ; they  were,  however,  not  for  use  but 
were  made  cheaply  in  Clay,  to  be  placed  as 
Symbols  upon  the  Tombs)  ; the  Greek  Bed- 
stead-leg, shown  in  the  third  sketch  of  fig.  40, 
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exhibits  Accentuation  in  a very  marked  degree 
in  the  (unnecessary)  projection  of  the  k'illets; 
the  Tassel  at  the  extremity  of  the  Cord  ; and 
the  Seriffs  in  Typograpliy. 

Increase  of  Accentuai  ion  will  be  seen 
on  comparing  the  sketches  in  fig.  ,}i  ; in  a,  is 
seen  a Spiral  with  an  obcurved  end  (somewhat 
similar  to  a Lituus)  : in  b,  the  two  parts  are 
separated  by  the  interpolated  vertical  straight- 
line  : in  c,  the  upper  part  is  more  curved,  and 


makes  a tangent  with  the  straight-line  : in 
d,  the  lower  part  is  made  to  curve  out,  making 
a tangent  with  the  upper : in  e,  the  two 
tangential  parts  are  separated  by  the  inter- 
polated horizontal  straight-lme  ; in  f,  the  two 
parts  are  still  more  curved,  making  tangents 
with  the  horizontal  line.  Thus  b be  said 
to  be  normal  ; c is  accentuated  ; d is  more 
accentuated,  with  one  centre  of  Radiation  ; 
and  f is  an  extreme  case,  with  two  centres  of 
Radiation.  The  Violin-body,  as  finally  settled 
in  its  present  canonical  shape,  shews  Accentua- 
tion. The  Rib  had  been  originally  of  one  piece 
of  wood,  curving  inwards  to  enable  the  Bow  to 
touch  the  Strings  ; and  so  obviating  the  other 
alternative,  i.e.  the  high  Bridge  ; but  the 
seventeenth  century  was  a time  of  Accentua- 
tion in  Art ; the  violin  did  not  escape  its 
influence  ; and  the  Rib  was  made  in  five 
pieces  with  two  cusps  on  each  side.  In 
fig.  ^2,  are  shewn  some  sketches  for 
Bracket-sides  : the  first  one,  Q,  shews  the 
projection  obtained  by  the  convex  quadrant 
and  the  square  : in  M.  these  are  coalesced, 
making  a Cyma-recta  shape  : in  A l>  tbe 

upper  portion  of  (hollow)  shape  is  more  curved. 


Fig.  42. 

making  a tangent  to  the  vertical  face,  this 
being  the  first  stage  of  Accentuation  : and  in 
A 2 the  upper  portion  is  still  more  curved 
making  a tangent  to  the  horizontal  sofit,  thus 
being  a second  stage  of  Accentuation.  In  the 
K.H.  sketch,  A.  fig.  38,  three  degrees 
(numbered)  are  further  shewn. 

The  Application  of  this  Law  (of  expressive 
Accentuation)  is  an  expedient  for  preserving  the 
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attention  of  the  listener  or  birholde-r  ; but  it 
should  not  be  too  oftirn  applied,  lest  it  def.-at 
its  own  end.  It  is  like  the  “seasoning”  in 
(lastronomy.  If  the  Food  w<-re-  all  p«  pp*T  or 
mustard,  then  the  Palate  \vf»uhl  soon  lo-.e  all 
relish  ; and  so  with  .Accentuation  : it  must 
u.sed  sfiaringly,  as  a se-asoning  ; and  thr 
student  should  ever  rem<’rnber  that  “In 
meflio  tiitissimus  ibis.” 

BRICAD'I  II  is  the  se<  imd  oi  tin-  group  o' 
Laws  which  govern  the  design  of  .Mas-.  If 
prescribes  that,  though  Di-taiU,  f»f  import. luf 
h'eatures  or  in  inqiortant  Position',  in  iv  !»■ 
prominent,  for  goml  and  sufti<  i«  nt  r>  a . t 
the  (ieneral-surface  shall  b-*  tmat«  il  in  'i<  ii  .1 
manner  that  it  be  not  frittered-away  or  • uf  up 
into  too  many  small  parts,  that  would  - 

against  each  other,  and  destroy  th*>  Sirnpln  i v 
and  Unity  of  effect  which  should  char.m  t*  r > • 
every  good  Composition.  Hene--  it  ;n 

some  dqgrec,  antithetical  to  .\ri  tPu  in  ei  ; 
though  it  may  be  applied  and  ( oexi-t  in  th  • 
same  Object,  as  shewn  in  fig.  43  th  - .\"<  ’1:- 


trave-cornico  of  the  Pandroseion'.  in  which  the 
Dripping-edge  of  the  Corona  shews  Accentu.i- 
tion  ; and  the  Archilrave-fascias  with  the  Ogee 
and  the  Dentil-sofits  shew  Breadth. 
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Examples  are  seen  in  Nature  : in  the 
continuous  line  of  the  Mountain-sierra ; the 
circumscribing-line  of  Trees,  Flowers,  and 
Leaves,  of  Feathers,  Wings,  Fins,  Paws,  and 
Hands,  and  in  the  Bodies  of  all  Animals,  in 
which,  though  Muscles  of  different  function 
combine  to  make  the  form,  yet  the  Skin-cover- 
ing blends  all  into  undulating  forms  of  infinite 
and  indescribable  changeful  Beauty — in 
Architecture  : in  the  dignified  Simplicity- 
of-surface  of  the  Strozzi  Palace,  in  Firenze,  as 
compared  with  the  trifling  littleness  of  the 
Hotel-de-Ville,  at  Paris  ; or  in  the  Palace-front 
of  fig.  28,  as  compared  with  the  Church-flank 
of  fig.  9 (p.  901)  - in  Profiling  : in  the  three 
sketches  of  fig.  44,  in  which  the  general  Mass- 


form  is  as  shewn  by  the  black  Line,  while  the 
Individual  - mouldings  are  kept  within  that 
boundary,  approaching  and  receding,  but 
never  transgressing  the  appointed  Limit ; and 
never  deviating  so  far  as  to  reduce  unduly  the 
Sectional-area  (contrast  these  sketches  with  the 
Bedstead-leg  of  fig.  40  ; and  the  effect  of  a 
broad  treatment,  as  compared  with  that  of  an 
unduly  accentuated  one,  will  be  observed)  ; in 
fig.  45  (the  Anta-capital  of  the  Propulaia,  at 
Athens),  in  which  the  three  Fillets  are  designed 
to  oversail  in  such  a manner  that  they  are 
tangential  to  the  curve  of  the  under-surface  of 
the  “ Hawk’s-beak  ” Moulding,  which  curve 
(if  produced)  would  be  tangent  to  the  lower 
Fascia,  also ; in  43  (the  Architrave-cornice  of 
the  Pandroseion),  in  which  the  Mouldings  are 
so  designed  that  they  coalesce  into  groups,  as 
shewn  by  the  black  Line  that  is  applied  to  the 


cornice,  and  also  in  the  adjacent  thin  Line  ; 
(this,  one  of  the  most  beautiful  cornices  in  the 


world,  is  a very  compendium  of  Greek  Art  in 
subtle  profiling) ; and  in  fig.  46  (the  Entablature 


of  the  Wellington  Monument),  in  which  the 
Mouldings  are  similarly  designed  in  groups, 
shewn  as  before,  and  in  which  Alfred  Stevens, 
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the  Master,  has  shewn  himself  (as  in  other  ' Mantle;  and  the  Nh;ekl;ice  .j;)  that  marks 
blanches  of  the  Art  one  and  indivisible)  i the  Modulation  from  the  neck  to  the  tho-ras  - 
not  an  unworthy  disciple  of  the  Greeks.  i in  Akcm  i i-:c l L'ki:  : in  softrnin.L:  the  har^ 


Fig  47. 


The  Application  of  this  Laav  is  universal ; 
and  every  Object  or  Set  of  objects,  that  has 
come  under  its  governance,  is  thereby  made 
more  dignified  and  more  worthy  of  the  Art, 
Divine  and  Human,  that  renders  the  surround- 
ings of  our  Life  so  beautiful. 

Disregard  of  this  Law  may  arise  from  two 
sources : — a Plenum  and  a Vacuum  ; the 
student  may  have  too-much  Detail  which  he 
desires  to  “ work-in  ” — in  which  case,  he  needs 
judgment,  t.e.  Principles  ; or  he  may  not  have 
enough — in  which  case,  he  needs  Observation, 
t.e.  Study  of  the  Works  of  both  kinds  of  Art 
that  surround  him. 

MOLLIFICATION  is  the  third  of  the  group 
of  Laws  which  govern  the  design  of  Mass. 
The  term  is  derived  from  two  Latin  words 
which  signify  the  renderz?ig soft  oi  any  Object. 
It  is  further  extended  from  association  of  idea 
to  include  the  rendering  of  Angles  and  Corners 
round  or  blunt  \ and  the  breaking-up  of  the 
Edges  into  a multiplicity  of  minute  Shapes, 
which  thus  obviates  the  hard  effect  of  a 
Straight-line.  The  L.H.  sketches,  M,  in  figs.  38 
and  39,  shew  this  extended  meaning. 

Examples  are  seen  : — in  Nature  : in  every 
Fish  that  swiftly  cleaves  the  water ; and  most 
other  animals  and  plants — in  Dress  : in  the 
Lace-edgings  that  soften  the  hard  line  of  the 
Collar  or  Sleeve  against  the  Neck  and  Wrist ; 
the  Fringe  that  softens  the  hard  Edge  of  the 


Cornice-line  along  the  Hank  of  Greek  T<‘mpl«  = : 
also  of  the  Arch- openings,  by  tlv  .M  >- 
hometans,  as  shewn  in  fig.  48  'two  .-\nh- 


openings  from  the  Alhambra,  in  orio  of 
which,  r,  the  cuspings  are  radial,  and  in 
the  other,  v,  they  are  vertical) — in  Furni- 
ture, A'c.  : in  the  wooden  chair  (fig.  49).  and 
the  metal  Candle-bracket  (fig.  50).  in  which 
the  Aim  of  the  artists  appears  to  have  been  : to 
soften  or  “ mollify  ” all  Straight-lines  and 
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Corners  into  Curves  : some  of  these  softenings 
are  necessary  under  the  Law  of  Functionality, 


sides,  and  pediment-shaped  Crestings  at  the 
top — in  Profiling  : in  the  l.h.  sketch  of 


Fig  49. 


but  others  are  designed  in  this  manner  for 
sesthetic-effect  only,  without  any  reason,  and 


the  observer  will  further  perceive  that  the 
design  of  the  Chair  disregards  the  Law  of 
ATateriality,  in  a marked  degree  ; the  Mirror- 
frame  (fig.  51),  in  which  the  outer  Edge  is 
softened  against  the  Wall ; the  Italian  Mirror- 
frames,  of  the  XVI.  century  and  onward,  shew 
tlu^  desire  for  softening  the  edges,  by  the  addi- 
tion of  Brackets  underneath.  Caryatids  at  the 


Fig.  51. 

fig.  52,  which  shews  too  much  Mollification, 


Three  Curves : 


Interpolated 
Fig.  52. 


Mouldings. 
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each  portion  of  the  Cup  being  composed  of  three 
curves  (convex,  concave,  and  convex)  joining 
at  the  points  marked  b and  c,  hence  there  is  a 
want  of  Decision  about  the  profile,  which  is 
corrected  by  the  interpolation  of  the  Moulding 
I B (between  the  Pause  and  the  Frieze)  or  C 
between  the  Frieze  and  the  Lip),  and  also  in 
■ the  Stem,  and  Base  ; the  L.H.  sketch  of  fig. 
I.  53,  has  similar  faults  (concave,  convex,  and 
' concave,  all  coalescent)  which  arc  corrected 
by  interpolated  Mouldings,  as  before — 
1 in  Mouldings  : the  student  will  observe 
I that  the  sketches  in  fig.  54  are  mouldings 


Mouldings  of  One  Curve. 
Fig.  54. 


I of  o?ie  Curve,  those  of  fig.  55  are  of  two 
I curves,  joining  at  the  points  marked  by  a dot. 


Mouldings  of  Two  Curves. 


Fig.  55. 


and  those  of  fig.  56  are  of  three  curves, 
similarly  marked. 


Mouldings  of  Three  Curves. 
Fig.  56. 


An  Abuse  of  Mollification  is  shewn  in 
figs.  52,  53,  and  56.  The  Single-curva- 
ture of  mouldings  is  always  strong  and 
manly  : the  Double-curvature  is  refined  and 
' elegant  : the  Triple  - curvature  is  always  a 
sign  of  Decadence  in  any  Style  ; lead- 
ing to  a want  of  Decision-of-Profile  and  of 
Clearness  - in  - Design  ; and  it  should  be 
avoided  except  for  mouldings  round  Openings 
(where  the  Profile  is  not  seen)  by  every  student 
until  he  has  mastered  the  Art  of  Profiling, 
when,  of  course,  he  becomes  a law  unto 
himself. 


DKClSIOX  is  the  fourth  and  last  T th*! 
group  of  Laws  which  govern  th'*  dr  f 

Mass.  The  term  is  df-rivi.-d  from  tv.  DaUn 
words  which  signify  the  being  cut-off  i • a 
determined  manner,  without  any  s' ft*  o-- ' : 
of  corners).  The  idea  -f  rc=  tangu!ar.,y  i-» 
now  included  in  its  applie.ation  to  K •'"m  ; thu'i 
in  fig.  38,  the  Srjuare  D,  and  in  fig.  g;.  th- 
(iable-end  D»  shew  Decision.  It  is  -*prv,^,.  • t** 
all  Undulating  shapes  ; and  i-  ant  fh*  fis.il  f<. 
Mollification. 

hixAMi'i.ES  are  seen:  in  Nmuhf:  ii  th- 

Craggy  Rocks  and  other  result  »f  D ! - 

upheaval— in  Akcm  I K(  f I k K ; in  uv  r*  »- 
angular  forms  of  the  Dorian  Orih  r ; and 
mass-form  of  the  Dentil-course  shewn  in  - 
two  sketches  of  figs.  43  and  46. 

DiSkKGAkD  of  this  Law  is  seen  in  fig.  ;; 
(the  Cornice  of  the  Temple  of  the  Wind^. 
at  Athens,  B.C.  circa  80),  and  in  fig.  58  the 
Podium  of  the  Monument  to  Philopapp«;H,  at 
Athens,  A.D.  114),  both  built  after  the  rl-  . Im  • 
of  Greek  Art.  Compare  either  with  fig  . 4^, 


The  Abim.ic.V  riON  of  these  four  Laws,  eaeh  t - 
its  own  proper  parts  in  theComposition.  requir-s 
much  Kxperience  and  Skill  ; but  the  Result  will 
be  worthy  of  the  thought  bestowed  on  it. 

UNFI  EDNESS  is  the  Law,  governing  the 
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co-relation  of  different  portions  of  the  same 
Object,  which  prescribes  that — (a)  if  these 
different  parts  are  arranged  horizontally 
with  regard  to  each  other,  i.e.  in  rank  : 
then  some  features,  e.g".  Mouldings,  shall  be 
carried-through  all,  for  the  purpose  of  (ap- 
parently) binding  them  together— and  (b)  if 
they  are  arranged  vertically : i.e.  in  file : 

then  some  feature  shall  be  carried  - through 
across  the  horizontal  divisions,  for  the  same 


Fig.  59. 

purpose  — and  further,  that,  though  the 
separate  parts  might  be  each  right  in  itself: 
yet  each  should  appear  incomplete  by  itself, 
and  only  attain  perfection  when  in  full  com- 
bination and  communion  with  all  of  its  co- 
efficients. Without  the  influence  of  this  Law, 
Objects  appear  like  parts  of  different  things 
placed  fortuitously,  in  what  may  be  termed  “ the 
Lob-worm  ” style  of  Design. 


Examples  are  seen in  Nature  : in  all 
things,  except  such  as  are  the  result  of  Convul- 


sion and  its  consequent  Dislocation— in  Archi- 
tecture : in  the  figs.  8,  9,  2;,  A'c.,  in  | 
which  the  Cornices,  String-courses  and  Plintlis,  | 
bind  (in  appearance),  the  separate  parts  or  j 
bays,  together;  Prof.  Aitchison,  R.A,,  has  1 
pointed-out  a similar  effect,  produced  by  the  ' 
Arcade,  which  joins-together  the  two  Western- 
towers,  of  Notre  Dame,  at  Paris,  in  France;  and 
by  the  over-lapping  of  the  lower  Colonnade  in 
the  Front  of  St.  Paul’s  Cathedral,  in  London  ; 
the  portion  of  the  beautiful  design,  by  the 
late  Edward  W.  Godwin  (fig.  59),  also 
admirably  exemplifies  the  influence  of  this  Law. 


Disregard  of  this  Law  is  seen  in  the  Arch 
of  Septimius  Severus  at  Rome  (fig.  60),  in 
which  no  single  Moulding  (below  the  Capitals) 
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■ is  carried-through  ; with  the  result  that  the 
lower  portion  appears  to  have  belonged  to 
different  Buildings,  which  are  here  put- 
together.  This  disregard  is  obviated  in  fig.  6i. 
Also,  in  fig.  62  (the  Clock,  on  the  Palais  de 
Justice,  at  Paris)  there  is  not  a single  Moulding 
that  gives  any  feeling  of  Unitedness  in  the 
design;  but  the  whole  appears  to  be  “made- 
up,”  of  incongruous  parts,  somewhat  after  the 


traditional  Wardour  Street  Recipe.  This  dis- 
regard is  obviated  in  fig.  63.  Again,  in  fig.  64. 


(the  Church  of  S,  Giorgio,  at  Venezia),  only 
the  Plinth  is  carried-through  ; and  the  Aisles 
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appear  like  an  afterthought.  'I  his  gard 

is  obviated  in  fig.  65  (whic  h i , not  mu.  h like 


a church  ; but  neither  is  the  other  . .\-,d  in 

fig.  66,  is  shewn  a portion  of  the  P,ilni-  de 
Justice,  at  Bruxelles.  Here  the  abr.en  e o» 
Unitedness  is  painfully  apparent  ; there  ar-  n • 
Ihnding-lines  ; and  at  the  internal  angle,  wh-  r- 


Fio.  6(\ 


the  Wing  abuts  against  the  Centre-portico, 
there  is  a hiatus  like  a Fault  in  Geological- 
strata.  In  fact,  the  huge  structure,  though 


I 
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with  much  refined  detail,  and  erected  with  all 
the  experience  of  the  last  quarter  of  this 
century,  is  like  a Mexican  or  Indian  building 
in  character,  through  this  Disregard. 


RETICENCE  is  one  of  the  group  of  Laws 
that  govern  the  Amount  of  Detail  applied  to 


Fic.  68. 

any  Object.  The  term  is  derived  from  two 
Latin  words  which  signify  the  keeping  i>ileni. 


There  is  a “ Chattering  ” in  design,  when  the  I 
artist  applies  too  much  frivolous  detail  ; and  i 
there  is  “ Reticence  ” when  he  has  learned  to 
“ hold  his  tongue  ”,  i.e.  to  introduce  no  detail 
that  is  not  required.  This,  as  in  our  Life,  is 
one  of  the  most  difficult  Laws  to  obey.  'J'he  ' 
Spendthrift  is  generally  foolishly  considered  to  * 
be  a more  amiable  person  than  the  Miser  ; and  : 
Profusion  of  detail  (as  analogous  to  Generosity)  i 
is  more  liked  than  dignified  Reticence  ; but  | 
observant  minds  will  assess  each  at  its  proper  ; 
value. 

The  Application  of  this  Law  governs  the 
amount  of : — (a)  Detail,  (b)  Curvature,  Ac. 
The  amount  of  Detail  will  be  treated-of  in 
RICHNESS,  q.v. 

Examples  of  Reticence  in  Curvature  are 
seen  : — in  fig.  67,  shewing  two  sketches  for  a 
Tail-Candlestick,  of  which  the  L.H.  one  is 
entirely  composed  of  Curved-profiles,  while 
the  R.H.  one  shews  a portion  that  is  vertical 
without  curvature,  which  it  will  be  perceived, 
gives  (by  contrast)  more  value  to  the  balauster- 
profile  above  it ; so  also  in  fig.  68,  the  Font  is 
unpleasing  by  reason  of  the  Turgidity  of  the 
masses  ; and  fig.  69  shews  an  attempt  to 
render  it  more  ” quiet,”  i.e.  more  Reticent. 


Figures  and  Animals  are  sometimes 
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added,  to  enrich  the  Profile,  as  shewn  in 
figs.  70  and  71.  \Vhen  the  Central-feature, 


to  which  they  are  applied,  is  clearly  seen, 
and  they  do  not  suppla7it  it : then  they  are 
a pleasing  addition,  as  in  fig.  14,  p.  902. 


The  Author  regrets  that  the  absence  of  Illustrations 
precludes  the  treating  of  the  whole  body  of  Principles 
and  Laws  in  this  subject.  He  has  therefore  termed 
this  brief  Essay,  not  “the”  principles,  but  “some” 
principles  ; and  he  hopes  to  complete  the  whole  at 
no  long  intei'val. 


with  a horse-power  of  49,  ^^9,  whereas  by  this 

number  had  risen  tr;  3,305  of  258,729  In 

the  former  year  there  were  79;  m.n  hint:-  exf  !u-,i'cly 
used  for  driving  dynamos,  while  180  were  ' rdy  j.^roa  'y 
used  for  this  purpose.  In  the  latter  year  th'-re  e 
2,490  used  exclusively  for  flriving  djnam<'e>,  while  8|  ^ 
were  only  j)artially  used  for  this  purj^^e. 


“The  increases  here  shown  arc  i-n<-)rmou 
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worth  noticing  the  great  flcvrlopmrnt  - 

in-e  IS 

In 

that  year  the  total  horse-power  was 

I9t.;  1 

•nb . 

whereas  by  1898  it  ha  l n-en  to  258,72- 

I ' j» 

mg 

interval  of  one  year  the  numl>-r  of 

m 1 '■ 

! 

increased  from  2,837  to  3,305. 

“ 'I’lie  particular  kinds  of  electrical 
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these  machines  arc  made  to  supply 
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1898,  arc  shown  in  the  following  t-abh- 
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’ “ 1 

r r. 
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s * 
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I.  Eor  lighting  purj->oscs 2, 

873 

«54. 

,772 

2.  For  driving  motors 

9 1 

to, 

.7"  3 

3.  For  other  purposes 

25 

7, 

.27“ 

4.  Eor  several  purposes  at  the 

same  time,  and 

(a)  For  lighting  and  trans- 

mitting power 

323 

.2i’ 

p)  For  other  purposes 

21 

I 

•'"'73 

Totals 3 

.305 

2,v'^ 

“By  far  the  greatest  part  of  the  electric  jxiwir 
therefore  is  used  for  lighting  purposes. 

“The  above  statistics  are  taken  from  figure-  pub- 
lished, on  the  30th  of  September,  in  the  ‘ Roi.  h-aa- 
zeiger.’  ” 


Miscellaneous. 


ELECTRICAL  MACHINERY  IN  PRUSSIA 
IN  1898. 

The  following  particulars  are  from  a memorandum 
by  the  Commercial  Attache  to  PI.M.  Embassy  at 
Berlin,  printed  in  the  Board  of  Trade  Journal : — 

“ Ever}’  year  the  increase  of  electrical  jdant  is 
becoming  more  marked  in  Prussia ; and,  thotigh 
there  are  no  complete  statistics  on  the  subject,  a good 
idea  of  the  advance  that  has  been  made  is  to  be 
obtained  from  the  data  which  exist  as  to  electrical 
driving  machiner}’,  for  this  is  chiefly  driven  by  steam, 
and  is,  therefore,  to  be  found  in  statistics.  The  latest 
returns  for  the  beginning  of  1898  are  to  be  found  in 
the  following  statement,  which  includes  all  State  and 
])rivate  undertakings  in  Prussia,  with  the  exception  of 
those  under  the  War  Office  and  Admiralty.  Of 
machines  driving  dynamos,  there  were  in  1891,  983 


FIREtVORKS  IN  CHINA. 

Dining  the  year  ended  June  30.  1897.  there  wore 
exported  from  China  2b,~o^,~ lb-,  of  tire  cr.U!^*i'. 
valued  by  the  Chinese  Imperial  Cu>ltmi-  at  .xh 
^317,000.  The  entire  export  ^^-as  from  the  pr-oir 
of  Kwangtung.  The  shipments  from  the  differen*. 
ports  were  as  follows: — Canton  i.ofg.^oolb-..  K " - 
loon  24,074,267,  Lappa  907.733.  and  Sw.n  w 
656,533  lbs.  The  exports  repre-ent  only  a -nr  ” 
fraction  of  the  amount  manufactured  and  u e 1 m 
China.  There  are  no  large  m.muf.ielorie- : t"-  ' 

crackers  are  made  in  sm.dl  hou-es  and  in  the  -h  4'- 
Avhere  thev  are  sold.  In  the  latter  place-  the  j r 
prietors  of  the  shop,  his  wife  .and  children  do  ih  • 
work.  The  use  of  crackers  is  univcr>al  in  China,  an  1 
has  been  as  far  back  as  histoiy  rceonl-.  It  t-  mo-t 
probable  that  in  the  beginning  they  were  n-ed  to 
frighten  away  CNil  spirits.  Now  they  .m.'  mo-t  fre- 
(luently  an  expre»ion  of  gooil  icehng  or  ot  cere- 
monious compliment.  They  are  u-ed  at  welding-. 
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births,  and  funerals ; at  festivals ; religious,  civil,  and 
military  ceremonies  ; at  new  year  ; to  salute  persons 
about  to  make  a journey ; and,  in  fact,  on  all  occasions 
out  of  the  ordinary  routine.  The  United  States 
Consul-General  at  Shanghai  says  that  in  making 
crackers,  only  the  cheapest  kind  of  straw  paper  which 
can  be  produced  in  the  immediate  locality  where  the 
crackers  are  made  is  used  for  the  body  of  the  cracker. 
.A  little  finer  paper  is  used  for  the  wrapper.  A piece 
of  straw  paper,  9 by  30  inches,  will  make  2 1 crackers 
inches  long  and  |inch  in  diameter.  The  powder 
is  also  of  the  cheapest  grade,  and  is  made  in  the 
locality  Avhere  used.  It  costs  about  3d.  per  lb. 
For  the  fuse  a paper  (called  “leather”  in  Shanghai) 
is  used,  which  is  imported  from  Japan,  and  is  made 
from  the  inner  lining  of  the  bamboo.  In  other  places 
a fine  rice  paper  is  used,  generally  stiffened  slightly 
with  buckwheat-flour  paste,  which  the  Chinese  say 
adds  to  its  inflammability.  A strip  of  this  paper, 
one-third  of  an  inch  wide  by  14  inches  (a  Chinese  foot) 
long  is  laid  on  a table,  and  a very  little  powder  put 
doAvn  the  middle  of  it  with  a hollow  bamboo  stick. 
A quick  twist  of  the  paper  makes  the  fuse  ready  for  use. 
The  straw  paper  is  first  rolled  by  hand  around  an  iron 
rod,  which  varies  in  size  according  to  the  size  of 
cracker  to  be  made.  To  complete  the  rolling  a rude 
machine  is  used.  This  consists  of  two  uprights  sup- 
porting an  axis  from  which  is  suspended,  by  two  arms, 
a heavy  piece  of  wood,  slight  convex  on  the  lower 
side.  There  is  just  room  between  this  swinging  block 
and  the  top  of  the  table  to  place  the  cracker.  As 
each  layer  of  paper  is  put  on  by  hand,  the  cracker  is 
placed  on  the  table  and  the  suspended  weight  is 
drawn  over  the  roll,  thus  tightening  it  until  no  more 
can  be  passed  under  the  weight.  For  the  smallest 
“whip”  crackers,  the  workman  uses  for  compression, 
instead  of  this  machine,  a heavy  piece  of  Avood  fitted 
Avith  a handle  like  that  of  a carpenter’s  plane.  In 
filling  crackers,  200  to  300  are  tightly  tied  together 
in  a bunch ; red  clay  is  spread  over  the  end  of  the 
bunch,  and  forced  into  the  end  of  each  cracker  Avith  a 
punch.  While  the  clay  is  being  treated  a little  Avater 
is  sprayed  on  it,  Avhich  makes  it  pack  closer.  The 
poAvder  is  poured  in  at  the  other  end  of  the  cracker. 
With  the  aid  of  an  aAvl  the  edge  of  the  paper  is 
turned  in  at  the  upper  end  of  the  cracker,  and  the 
fuse  is  inserted  through  this.  The  long  ends  of  the 
fuses  are  braided  together  in  such  a Avay  that  the 
crackers  lie  in  tAvo  parallel  roAvs.  The  braid  is  doubled 
on  itself,  and  a large,  quick-firing  fuse  inserted,  and 
the  AA’hole  is  bound  Avith  a fine  thread.  The  bundle  is 
wrapped  in  paper  and  in  this  shape  sent  to  the  sea 
coast.  A variety  of  cracker  AA’hich  is  very  popular  in 
China  is  the  “ twice-sounding  ” cracker  ; it  has  two 
chambers,  separated  by  a plug  of  clay,  through  Avhich 
runs  a connecting  fuse.  There  is  also  a fuse  extend- 
ing  from  the  poAvder  in  the  lower  chamber  through 
the  side  of  the  cracker.  When  the  cracker  is  to  be 
fired,  it  is  set  on  end,  and  fire  applied  to  the  fuse. 
The  poAvder  exploding  in  the  chamber  throAvs  the 
cracker  high  in  the  air  Avhere  the  second  charge  is 


exploded  by  fire  from  the  fuse  extending  through  the 
plug  between  the  tAvo  chambers.  In  the  manufacture 
of  these  the  clay  is  first  packed  in  Avith  a punch  to 
form  the  separating  plug.  The  loAvcr  chamber  is  then 
loaded  Avith  poAvder  and  closed  by  tuming  OAer  the 
paper  at  the  end.  The  upper  chamber  is  loaded  and 
closed  Avith  clay.  A hole  is  punched  in  the  side  of 
the  lower  chamber  Avith  an  aAvl,  and  the  fuse  inserted 
through  this  opening. 


General  Notes. 


Russian  Egg  Trade. — The  egg  trade  at  Riga 
is  said  by  H.M.  Consul  at  that  port  to  be  assuming 
enormous  proportions.  In  1897,  29,842  tons  Avere 
exported.  This  means  that  something  like 
430,000,000  eggs  were  shipped  from  this  corner 
of  Russia  to  Western  Europe  during  the  year,  the 
bulk  of  them  finding  their  Avay  to  the  United 
Kingdom  and  Germany.  It  is  probable  that  the 
trade  aauII  grow  still  larger  on  account  of  the  increased 
facilities  for  conveyance. 


MEETINGS  FOR  THE  ENSUING  WEEK. 

Monday,  Nov.  7...Ro}'al  Institution,  Albemarlc-street,  W., 
5 p.m.,  General  Monthly  Meeting. 

Engineers,  in  the  Threatre  of  the  United  Service- 
Institution,  "NVhitehall,  S.AV.,  7.^  p.m.  Mr.  Perry 
F.  Nursey,  “The  Preparation  of  Rhea  Fibre  for 
Textile  Purposes.” 

Sanitary  Inst.,  74A,  Margaret-street,  W.,  8 p.m. 
Mr.  A.  S.  Ackermann,  “ Principles  of  Calculating 
Areas,  &c.” 

London  Institution,  Finsbury-circus,  E.C.,  5 p.m. 
Very  Rev.  Dean  Farrar,  “ Canterbury  Cathedral.” 

P>ritish  Architects,  9,  Conduit-street,  W.,  8 p.m. 
Opening  Address  by  Prof.  Aitchison,  R.A., 
President. 

WednesdaA’,  Noa’.  9...Sanitar>"  Institute,  74A,  Margaret- 
street,  W.,  8 pm.  Dr.  J.  Priestley,  “Ventilation, 
Warming,  and  Lighting.” 

Colonial  Inst.,  Whitehall-rooms,  Whitehall-place, 
S.W.,  8 p.m.  Hon.  E.  H.  Wittenoom,  “Western 
Australia  in  1898.” 

Civil  Engineers,  25,  Great  George- street,  .S.AV  , 
8 p.m.  Prof.  AV.  C.  Roberts-Austen,  “ The 
Extraction  of  Nickel  from  its  Ores  by  the  Mond 
Process.” 

Thursday,  Nov.  10  ...London  Institution,  Finsbury-circus, 
E.C.,  6 p.m.  Sir  J.  Norman  Lockyer,  “ The 
Recent  Eclipse.” 

Electrical  Engineers,  25,  Great  George- street,  .S.AV., 
8 p.m.  Prof.  Silvanus  Thompson,  “ Rotatory 
Convertors.” 

Friday,  No\^  n... Sanitary  Institute,  74A,  Margaret-street, 
AV.,  8 p.m.  Prof.  T.  Roger  .Smith,  “.Sanitary 
Puilding  Construction.” 

Astronomical,  Burlington-house,  AA^,  8 p.m. 

Physical,  Chemical  Society’s  Rooms,  Burlington- 
house,  AV.,  5 p.m.  I.  Discussion  on  Mr.  A.  Camp- 
bell’s paper  on  “The  Magnetic  Fluxes  in  Meters 
and  other  Electrical  Instruments,”  to  be  opened 
by  Prof.  AV.  E.  Ayrton,  F.R.S.  2.  Prof.  AA’^.  B. 
Morton,  “ The  Propagation  of  Damped  Electrical 
Oscillations  along  Parallel  AATres.”  Mr.  R.  A. 
Lehfeldt,  “ The  Properties  of  Liquid  Mixtures.” 
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Notices. 


ARRANGEMENTS  FOR  THE 
SESSION. 

The  First  Meeting  of  the  One  Hundred 
and  Forty-fifth  Session  will  be  held  on  Wed- 
nesday evening,  the  i6th  of  November,  when 
an  Address  will  be  delivered  by  Sir  John 
Wolfe  Barry,  K.C.B.,  M.Inst.C.E.,  F.R.S., 
Chairman  of  the  Council. 

Previous  to  Christmas  there  will  be  four 
Ordinary  Meetings,  in  addition  to  the  Opening 
Meeting.  The  following  arrangements  have 
been  made 

November  16.— Opening  Address  by  SIR  John 
Wolfe  Barry,  K.C.B.,  M.Inst.C.E.,  F.R.S., 
Chairman  of  the  Council. 

November  23. — “ Long  Distance  Transmission  of 
Electric  Power.”  By  Prof.  Geo.  Fokbes,  F.R.S. 
Sir  John  Wolfe  Barry,  K.C.B.,  M.Inst.C.E., 
F.R.S. , Chairman  of  the  Council,  will  preside. 

November  30. — “ Photographic  Developers  and 
Development.”  By  C.  H.  Bothamley,  F.C.S.  Col. 
J.  Waterhouse,  Hon.  Sec.,  Royal  Photographic 
Society,  will  preside. 

December  7. — “ Egypt  and  the  Soudan,  in  1897 
and  1898.”  By  W.  T.  Maud. 

December  14. — “ Commercial  Education.”  By 
Sir  Albert  Rollit,  LL.D.,  M.P. 

Papers  for  meetings  after  Christmas  ; — 

“ Tuberculosis  in  Animals.”  By  W.  HUNTING. 

“ Canals  and  Inland  Navigation  in  the  United 
Kingdom.”  By  L.  F.  VerNon-HarCourt,  M.A. 

“Preservation  of  Timber.”  By  .S.  B.  Boulton. 

“Electric  Traction  and  its  Application  to  Railway 
Work.”  By  Philip  DaWson. 

“ Coal  Supplies.”  By  T.  P'orster  Brown. 

“Wireless  Telegraphy.”  By  W.  II.  Preece, 
C.B.,  F.R.S. 

“Leadless  Glazes.”  By  WiLTON  Ib  Rix. 


Indian  Section. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Thursday  afternoons,  at  4.30 
o’clock  : — 

January  19,  February  9,  March  9,  April  13,  May 

II,  25. 


Foreion  and  Colonial  ShciiON. 

'I'lie  meetings  of  this  Section  will  take  place 
on  the  following  'fuesday  afternfx»n«?,  at  4.  to 
o’clock  : — 

December  6,  January  2.;,  February  28,  April  25. 

At  the  meeting  before  Christmas  the  follow- 
ing paper  will  be  read  * — 

'J'uf.sday,  Jhxf.mbf.r  b. — “ lEc  Y.vr.gt-c  Iv-dn 
and  the  I*ritish  Sphere.”  By  .\Rf  ifiHAr  o I.irtrF, 
F.R.G.S.,  of  Chungking.  I he  Kighl  H ti. 
RiCHAKI;  I k.MI'I.F,  B.irt.,  li.C.S.I.,  C.I.l  ..  Aii: 
j>re!-ide. 

***  Numerous  lantern  slitlcs  of  the  Upj-cr  e 

and  beyond  will  be  shown  and  dcicnUj  l i ; Mr-. 
Little. 


Afplied  Ah  I Skcmon. 

The  meetings  of  this  Section  will  take  place 
on  the  following  Tuesday  evenings  at  8 
o’clock  : — 

January  31,  February  21,  March  i ;.  .\pril  18^ 
May  2,  30. 


Cantor  Lectures. 

The  following  courses  of  Cantor  bu  tures 
will  be  delivered  on  Monday  evenings,  at  8 
o’clock  : — 

Prof.  Vivian  B.  Lewes,  "Acetylene.”  F.>ur 
Lectures. 

Lecture  L— Novembfr  :r. 

The  history  of  acetylene — Methods  of  formation  — 
The  chemistry  of  acetylene — The  part  played  by 
acetylene  in  ordinary  luminous  flame'. 

Lecture  II.— November  28. 

The  commercial  production  of  acetylene — Calcic 
carbide  and  its  properties — The  electric  fum.icc  and 
the  various  modifications  in  u<e  for  carbide  ni.mu- 
facture— Carbide  without  electrical  jx)wer— Carri.igc 
and  storage  of  carbide. 

Lecture  III.— December  5. 

The  commercial  generation  of  acetylene— The  l>l^' 
of  generator  in  use — The  actions  taking  pl.acc  in 
acetylene  generators,  and  the  ctTecl  U{x>n  the  gas 
produced — The  purification  of  acetylene  for  domc'tic 
consumption. 

Lecture  IV.— December  i:. 

The  combustion  of  acetylene — Acetylene  burners  ^ 
Smoking  and  carbonising  of  burners — Burners  for 
heating— Acetylene  for  gas  engines  — Diluted  Acety- 
lene and  its  applications. 

1)R.  Samuel  Rideal,  " Bacterial  Purification 
of  Sewage.”  Four  Lectures. 

January  16,  23,  30,  February  6. 

Arciiihald  Sharp.  A.M.Inst.C.F..  "Cycle 
Construction  and  Design.”  hour  Lectures. 
February  20,  27,  March  0,  13. 
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Prof.  Henry  R.  Procter,  “ Leather  Manu- 
facture.” Four  Lectures. 

April  10,  17,  24,  May  i. 


Juvenile  Lectures. 

Two  Lectures,  suitable  for  a Juvenile 
audience,  will  be  delivered  on  Wednesday 
evening's,  the  4th  and  nth  of  January,  at 
Seven  p.m. 


EXHIBITION  OF  LITHOGRAPHS. 

The  Loan  Exhibition  of  Lithographs  w'hich 
has  been  organised  by  the  Department  of 
Science  and  Art,  at  the  suggestion  of  the 
Society  of  Arts,  will  be  opened  to  the  public  on 
Monday,  the  21st  November,  and  will  remain 
open  until  the  28th  February  next. 

A large  and  widely  representative  collection 
of  historical  and  artistic  lithographs  has  been 
obtained,  supplemented  by  a small  set  of 
examples  of  modern  industrial  lithography 
exhibited  at  the  request  of  various  firms  who 
made  application  for  space.  Limits  of  space 
render  it  impossible  to  entertain  any  more 
offers  of  specimens  for  exhibition  on  this 
occasion. 

The  Exhibition  has  been  arranged  in  a 
gallery  adjoining  the  Machinery  Section  of  the 
Southern  Galleries,  South  Kensington  Museum 
(Exhibition-road). 

The  Private  view  will  be  on  Saturday,  19th 
inst.  A ticket  of  admission,  admitting  bearer 
and  friends,  will  be  sent  to  any  member  of  the 
Society  who  applies  to  the  Secretary. 


INDIAN  SECTION  COMMITTEE. 

A meeting  of  the  Committee  of  the  Indian 
Section  was  held  on  Monday  afternoon,  7th 
inst.  Present  : Sir  Steuart  Colvin  Bayley, 
K.C.S.I.,  C.I.E.  (Chairman),  Lionel  R.  Ash- 
burner,  C.S.I.,  Sir  M.  M.  Bhownaggree, 
K.C.I.E.,  M.P.,  Sir  George  Birdwood, 

K.C.I.E.,  C.S.L,  LL.D.,  M.D.,  Major-Gen. 
Sir  Owen  Tudor  Burne,  G.C.I.E.,  K.C.S.I.,  F. 
C.  Danvers,  Sir  Juland  Danvers,  K. C.S.L, 
Sir  Charles  A.  Elliott,  K.C.S.L,  Sir  John 
Jardine,  K.C.I.E.,  Sir  A.  Mackenzie,  K.C.S.L, 
Thomas  H.  Thornton,  C.S.L,  D.C.L.,  W. 
Martin  Wood,  with  Sir  Henry  Trueman  Wood, 
Secretary  to  the  Society,  and  S.  Digby,  Secre- 
tary to  the  Committee. 

The  arrangements  for  the  Session  were  con- 
sidered. 


Miscellaneous. 


THE  JJ INE  PR  OD  UCTION  OF  CA  LIFOR  XJA . 

The  California  vintage  of  1897,  including  the  sweet 
wine  production,  has  been  the  largest  in  the  history  of 
the  industry,  exceeding  the  previous  record  year  of 
1893  by  over  7,000,000  gallons.  With  less  acreage 
than  existed  some  years  ago  the  vines  have  been  so 
prolific  that  the  dry  wine  produced  is  far  greater  than 
usual  and  has  been  exceeded  in  only  one  or  two 
seasons.  The  two  countries  of  Sonoma  and  Santa 
Clara  have  surpassed  all  former  yields  and  the  quality 
of  the  wine  promises  to  be  among  the  best  for  many 
years.  The  acting  British  Consul-General  at  San 
f'rancisco  says  that  producers  and  merchants  are  con- 
fronted with  the  problem  of  the  disposition  of  the 
wine,  and  the  cessation  of  the  friendly  relations  which 
existed  during  1895  and  1896  between  these  two 
classes  adds  gravity  to  the  situation.  The  manager 
of  the  California  AVinemakers’  Corporation  estimates 
the  vintage  of  dry  wines  as  follows  : — .Sonoma  county, 

9.000. 000  gallons;  Santa  Clara  county,  7,750,000 
gallons;  Napa  county,  4,500,000;  miscellaneous, 
4,500,000  gallons,  making  a total  of  25,750,000 
gallons.  In  considering  the  marketing  of  the  crop 
the  stock  left  over  from  former  years  will  have  to 
be  taken  into  account,  and  this  will  probably 
amount  to  11,000,000  gallons.  The  demand  for  the 
present  year  (1898)  is  placed  by  the  manager  at 

23.000. 000  gallons,  calculated  on  a Pacific  coast 
consumption  of  8,000,000  and  an  export  consumption 
of  15,000,000  gallons.  Deducting  these  23,000,000 
from  the  36,750,000  on  hand,  a surplus  of  13,750,000 
gallons  will  remain.  Fermentation  in  1897  is  reported 
to  have  been  perfect,  and  it  is  said  to  be  the  judgment 
of  experts  that  the  quality  will  be  much  superior  to 
the  average.  The  vintage  of  sweet  wines  is  estimated 
at  6,500,000  gallons,  and  prices  have  been  affected, 
to  some  extent,  out  of  sympathy  with  the  dry  wine 
market.  California  port  and  sherry  of  good  quality 
can  be  bought  in  car-load  lots  at  from  is.  6d.  to 
IS.  8d.  per  gallon.  This  wine  is  highly  recommended 
by  local  medical  men  for  invalids,  and  Consul-General 
Moore  says  it  would  probably  command  a ready  sale 
in  England  if  put  on  the  market  at  a reasonable 
figure.  The  product  of  brandy  is  put  down  at 

20.000. 000  gallons.  An  experiment  in  handling  red 
wine  was  tried  last  year  at  the  Italian-Swiss  Colony’s 
vineyard  situated  at  Asti,  in  the  state  of  California. 
The  grajies  handled  by  the  colony  were  far  in  excess 
of  the  cooperage  facilities  it  possessed,  and  some 
means  had  to  be  devised  to  care  for  the  .surplus. 
Among  the  different  plans  suggested  was  that  of 
building  a concrete  cistern,  and  this  idea  was  finally 
adopted.  An  excavation  was  first  made  in  a rocky 
hillside  in  the  rear  of  the  establishment.  Next,  walls 
of  concrete,  2 feet  in  thickness,  were  put  in,  and  the 
floor  and  top  were  added  to  in  an  equally  substantial 
manner,  the  latter  being  supported  by  fifteen  steel 
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girders.  Then  the  entire  surface  was  covered  witli  a 
lining  of  pure  cement,  and,  finally,  tliis  was  glazerl  to 
the  impermeability  of  glass.  The  whole  cistern  was 
buried  beneath  3 feet  of  earth,  the  object  of  all  these 
precautions  being  to  preserve  the  wine  at  a uniform 
temperature.  This  cement  tank  is  104  feet  long, 
34  feet  wide,  and  24  feet  high,  and  is  capable  of 
holding  500,000  gallons.  The  wine  was  kej)t  in  this 
reservoir  for  four  months  or  more,  and  the  exj)eriment 
is  said  to  have  been  entirely  successful.  It  was  then 
I drawn  off  by  gravitation  into  wooden  tanks,  in  which 
i it  will  be  allowed  to  mature  previous  to  being  placed 
i in  barrels  for  shipment.  There  are  said  to  be  several 
■ advantages  derived  from  treating  the  wine  in  this 
i manner.  One  is  that  it  can  be  maintained  at  a cool, 
even  temperature  ; another  is  the  equal  blending  of 
i sucti  a large  quantity  of  wine  at  one  time,  and  a third 
( is  the  gi'eat  saving  in  insurance  which  is  expected  to 
I repay  the  cost  of  the  construction  of  the  tank  in  live 
' years. 


' General  Notes. 

I 

Slate  Marble  in  Belgium.— According  to  a 
German  report,  Belgium  exports  a sort  of  black 
marble  which  is  nothing  else  than  prepared  slate.  The 
slate  suitable  for  this  purpose  is  first  polished  very 
smooth  with  a sandstone,  so  that  no  visible  impression 
is  made  on  it  with  the  chisel ; this  is  the  rough  polish. 
After  this  it  is  finely  polished  with  artihcial  pumice 
stone  and  finally  finished  with  extremely  light  natural 
pumice  stone.  The  polished  surface  now  presents  a 
velvet-like  soft  apoearance.  The  surface  is  then  dried 
and  heated  thoroughly  whereupon,  the  finely  polished 
surface  is  impregnated  with  a heated  mixture  of  oil 
aud  fine  lamp  black.  This  is  allowed  to  remain  for 
twelve  hours.  According  to  whether  the  slate  used  is 
more  or  less  grey,  the  process  is  repeated  until  it  loses 
its  grey  appearance.  It  is  then  jiolished  thoroughly 
I with  emery  which  is  taken  on  a linen  lag,  and  finally 
I polished  with  tin  ashes  to  which  is  added  some  lamp 
I black.  After  the  polishing  is  finished  wax  dissolved  in 
' turpentine  is  spread  over  it,  and  it  is  allowed  to  remain 
some  time  before  it  is  rubbed  off  vigorously  with  a 
: clean  linen  rag.  The  slate  thus  treated  now  has  a 
I deep  black  appearance,  and  looks  like  black  marble, 

' and  the  polish  is  just  as  durable,  as  the  latter.  The 
polished  surface  can  be  etched,  engraved,  gilded  and 
silvered,  just  the  same  as  genuine  marble. 


MEETINGS  FOR  THE  ENSUING  IVEEN. 

Monuav,  Nov.  14  ..Scottish  Society  of  Arts,  117,  George- 
street,  Edinburgh,  8 p m.  Inaugural  Address  by 
the  President. 

Imperial  Institute,  .South  Kensington,  8J  p.m. 
Mr.  Henry  Caracciolo,  “Trinid.id,  including  some 
Account  of  the  Recent  Hurricane  in  the  West 
Indies.” 

Geographical,  University  of  London,  lUirlington- 
gardems,  \V.,  81  p.m. 


•Sanitary  Institute,  7j\,  .M  .rg.iret  t.  W . 

I >r.  G.  k'  ifl,  “ .^.initary  \ppl  • 

Lonrlon  Institution,  Finsbur'.-  i - w»,  K . ' ; 
Prof.  .Sifln  y J.  H = k , ...1. 

I'Chso.vv,  NfW.  i:  ..Civil  l.ng  !;  -r  ; ii;  • 

.S.W'.,  M j).m.  .M..  \\  }i.  ■ w 

” Klertriral  Ir."  sm  . . of  I'..  r *' 

.Statistif  al,  in  th  I h-  itr  of  • I t.! 

Institution,  W'h  tehall,  ,v  r j,  H 

C.  P.urd'  tt,  “O'.il  P<  < 

J’hotographif  , tj.  H.in.,  r . ; 

(I’hoto-iinu  h.inn  ill  .M.-tOiir  t t 

'l  alh  nt,  '■  K.ipid  I).  pi  , for  r V. 

Combined  Si  rem  and  ^ of  ;r  N e ? , * - 

Colour  Printing.”  .Mr.  H.  = ‘ Id  P- 
Melting  and  .Getting  Po;nts  of  (/  • 

and  thcT  modifn  ation.” 

Zo(dogic;d,  4,  1 f inov.  r- : pi.ir.*,  W',,  "4  ; r.  . 

George  Hanipam,  ‘‘  A kevi';  n .f  Ot  - 
the  .Subfamily  l\vrniiitui>r  .in«l  F.~:r:  Jy 
Part  I.”  2.  Mr.  W'.  K.  d W'.ntr:.i.  I ! 

Alanim.ils  obtaine<l  by  .Mr.  k M'l).  Hich.r 
during  a recent  Expedition  to  S«m.»i  1 ~ 1."  , 

Mr.  Oldfield  'fhomas,  ■' M,inim.iC  < '■  *'■' 

Mr.  J.  I).  La  I'ouche  at  Ku.itun,  N'.W.  F ■ 
Wb;u.\i:sn.\Y,  Nov.  16...SOCI  E f V of  .\k  l .^.  J. .r  t. 
Adelphi,  W’.C.,  8 p ni.  O . ning  m • : f 

I 15th  .Session  Iiy  .Sir  Jo'.in  Wolfe  P.-.r.'y.  - h-'.  rv. 
tlie  Council. 

Meteorological,  25,  Great  Gei»rg>  - :.?r'  t.  W 
7.1  pm.  I.  W'ind  Force  Commitl  . ‘ F ; » 

on  E.\p  riments  upon  the  Exposure  of  A rr 
in.:ter3  at  dillerent  elevations.”  2. 

1).  W'ilson  - P>.arker,  ‘‘Comparison  of  E.:.a-...;  -J 
Wbnd  F'orce.  with  that  given  by  .\n  meenet  r<^  ” 
3.  Air. William  Marriott,  ‘‘ I'lu  Tor.nado  at  = 
bcrwell,  O.'tob er  29th,  i8)S.” 

Sanitary  Institute,  7}.\,  Marg.rret  street.  W , ' p r. 
Mr.  J.  Wright  Clark,  ‘- Details  of  P'  * . ’ 
Work.” 

Alicroscopical,  23,  Hanover-s.juare,  W.,  'pm  .\n 
Exhibition  of  Thum's  .Slides  of  Diat.nns.  ni  ; ent  \ 
in  liigh  reflective  media. 

Aliningand  Metallurgy,  Geological  Mus  um.  J.-rmr-i  - 
street,  .S.WL,  8 p.m.  i.  Mr.  Joan  M.'G  e-r. 
‘‘Notes  on  Dry  and  Wet  Cnisinng  with  an;d  • 
Treatment,  in  New  Zealand.”  2.  Mr.  frank 
Merricks, ‘‘ Remarks  0:1  Dr)- and  Wet  Cr..  i.mg 
3.  Mr.  .Alfred  Jame.s,  ” Notes  on  a Po*.  - . r 
Treating  .Slimes  without  Filtration  or  De  ■ n^at.  >n  ” 
Tiiuksu.vy,  Nov.  17  . L nnean,  Purlington-hous  •,  * r ni. 

I.  Air.  F.  O.  Pickard  Cambridge.  ” S-- tie  Sp.il  rs 
from  Chili  and  Peru.”  2.  Air.  Spen  er  M ■ t.  , 
‘‘Botanical  Results  of  Journey  into  ti;e  Int  rv  r 
of  WVstern  .Australia.” 

Chemical,  Burlington-hause,  W.,  p m.  i.  Drs. 
E.  Divers  and  1'.  H iga,”  Pr -p  wation  ol  Hvp.*n  tr;?e 
from  Nitrite  through  (.)\yamidi>sulphonat.-.  ' 2 I .. 
E.  Divers  (<r)  ” Absorption  of  Nitric  Ovid  ' in  Gas 
Analysis;  ” " Interaction  of  Nitri*  0\  de  w 

Silver  Nitrate;”  (c)  •' Prejiaration  of  Pure  Aik  ■ 
Nitrites;”  {</)  ” 1 he  Reduction  of  an  \!V- 
Nitrite  by  an  Alkali  Al  tai;”  - ” Hypenit : 
their  prep.iration  by  Sovl  um  or  Potass-.um  and 
Properties.” 

London  Institution,  Finsbury-circus.  E.C..  p m. 
Dr.  H.  R.  Hill,  “ ilie  St*>ry  of  the  .\nt.mie  ” 
Friu.vy,  Nov.  18. ..Civil  Engineers.  2;,,  Great  GiHirge-str.  et. 

S.W'.,  8 p.m.  (Students'  Meeting.'  Air.  k -- d 
Lightfoot,  ” Liquid  Air;  a short  descnpti.m  of  its 
Production,  and  summary  of  its  Appl  cation  to  the 
Chemical  or  other  Industries.’’ 

Sanit.iry  Inst.,  7(.v,  Alargarct-stroet.  W.,  8 p.m. 
Air.  W.  C.  Tyndale,  ” House  Drainage." 
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CONTRIBUTIONS  TO  THE  READING-ROOM. 


The  Council  beg  leave  to  acknowledge,  with  thanks  to  the  Proprietors,  the  receipt  of  the 
following  Transactions  of  Societies  and  Periodicals. 


TRANSACTIONS,  &C. 

American  Chemical  Society,  Journal. 

American  Institute  of  Electrical  Engineers,  Trans- 
actions. 

American  Philosophical  Society,  Proceedings  and 
Transactions. 

American  Society  of  Civil  Engineers,  Transactions 
and  Proceedings. 

Architectural  Association,  Notes. 

Association  of  Engineering  Societies,  Journal. 

Australasian  Association  for  the  Advancement  of 
Science,  Report. 

Bath  and  West  and  Southern  Counties  Society, 
Journal. 

British  Association  for  the  Advancement  of  Science, 
Report. 

British  Guiana,  Royal  Agricultural  and  Commercial 
Society,  Journal. 

British  Horological  Institute,  Horolog’cal  Journal. 

Camera  Club,  Journal. 

Canada,  Royal  Society,  Proceedings  and  Trans- 
actions. 

Canadian  Institute,  Tiansactions. 

Canadian  Society  of  Civil  Engineers,  Transactions. 

Chemical  Society,  Journal. 

Cleveland  Institution  of  Engineers,  Proceedings. 

Cymmrodorion,  Honourable  Society  of.  Transactions. 

East  India  Association,  Journal. 

Farmers’  Club,  Journal. 

Franklin  Institute,  Journal. 

Geneva,  Societe  des  Art-,  Bulletin  de  la  Classe 
d'lndustrie  et  de  Commerce. 

Geological  Society,  Quarterly  Journal. 

Imperial  Institute,  Journal. 

Incorporated  Gas  Institute,  Transactions. 

India,  Geological  Survey  of,  Memoirs,  Records  and 
Palaeontologia  Indica. 

, Government  cf,  Agricultural  Ledger. 

In  Fan  Meteorological  Departm  nt.  Report. 

Institute  of  Bankers,  Journal. 

Institution  of  Civil  Engineers,  Minutes  of  Pro- 
ceedings. 

Institution  of  Electrical  Engineers,  Journal. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland, 
Tiansact'ons. 

Institution  of  Junior  Engineers,  Record  of  Tians- 
actions. 

Institution  of  Mechanic  T Engineers,  Proceed  ng-. 


Institution  of  Mining  and  Metallurgy,  Transactions. 

Institution  of  Naval  Architects,  Transactions. 

Iron  and  Steel  Institute,  Journal. 

Jamaica,  Institute  of.  Journal. 

Japan,  College  of  Science,  Imperial  University, 
Journal. 

Japan  Society,  Transactions  and  Proceedings. 

Kew  Gardens  Bulletin. 

Linnacan  Society,  Journal. 

London  Association  of  Foremen  Engineers  and 
Draughtsmen,  Publications. 

London  Chamber  of  Commerce,  Journal. 

Lyon,  Societe  d’ Agriculture,  Sciences  et  Industrie, 
Annales. 

Manchester  Literary  and  Philosophical  Society, 
Memoirs  and  Proceedings. 

Massachusetts  Institute  of  Technology,  lechnology 
Quarterly  and  Proceedings  of  the  Society  of  Arts. 

Munich,  Polylechnischer  - Verein,  Bayerisches  In- 
du^trie-und-Gevverbeblatt. 

National  Association  for  the  Promotion  of  Technical 
and  Secondary  Education.  Record. 

National  Indian  Association,  “The  Indian  Magazine 
and  Review.” 

Nederlandsche  Alaatichappij  ter  Bevordeiing  van 
Nijverheid,  Wekelijkoche  Courant  de  Nijverheid. 

New  South  Wales,  Royal  Societ}’,  Journal  and  Pro- 
ceedings. 

North-East  Coast  Ins'itution  of  Engineers  and  Ship- 
builders, Transactions. 

Nova  Scotian  Institute  of  Science,  Transactions. 

Palis,  Conservatoire  National  des  Aits  et  Metier.-, 
Annales. 

Socie  e d’Encjuragemeiit  pour  I’lndu  trie 

Nationale,  Bulletin. 

, Socieie  de  Geographie  Commcrcialc,  Bulletin. 

, Socie, e InternationaledesElectiiciens,  Bulletin. 

, Societe  Nationale  d’ Acclimatation  de  France, 

Revue. 

Patent  Agents,  Chartered  Institute  of.  Transactions. 

Patent-oflice,  Illustrated  Official  Journal. 

Pennsylvania  (Western),  Engineers’  Society  of.  Pro- 
ceedings. 

Pharmaceutical  S.cicty,  “The  Phaimaceut  cal 
Journal.” 

Philadelphia,  Academy  of  Natural  Scieli:es,  Pro- 
ceeding''. 

Engineers’  Cdrb  Proceedings. 
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Quekett  Microscopical  Club,  Journal. 

Royal  Agricultural  Society,  Journal. 

Royal  Colonial  Institute,  Proceedings. 

Royal  Cornwall  Polytechnic  Society,  Annual  Report. 
Royal  Geographical  Society,  “The  Geographical 
Journah” 

Royal  Institute  of  British  Architects,  Journal. 

Royal  Institution  of  Great  Britain,  Proceedings. 
Royal  Irish  Academy,  Transactions  and  Proceedings. 
Royal  Meteorological  Society,  Quarterly  Journal. 
Royal  National  LTe  Boat  Institution,  “ The  Life 
Boat.” 

Royal  Photographic  Society  of  Great  Britain,  “ The 
Photographic  Journal.” 

Royal  Scottish  Society  of  Arts,  Transactions. 

Royal  Society,  Philosophical  Transactions  and  Pro- 
ceedings. 

Royal  Society  of  Edinburgh,  Transactions  and  Pro- 
ceedings. 

Royal  Statistical  Society,  Journal. 

Royal  United  Service  Institution,  Journal. 

Sanitary  Institute,  Journal. 

S ociety  of  Antiquaries,  Archaeologia  and  Proceedings. 
Society  of  Biblical  Archaeology,  Proceedings. 

Society  of  Chemical  Industry,  Journal. 

Society  of  Dyers  aud  Colourists,  JournaL 
Society  of  Engineers,  Transactions. 

Society  of  Public  Analyst,  “ The  Analyst.” 

South  Wales  Institute  of  Engineers,  Proceedings. 
Victoria  Institute,  Journal  of  the  Transactions. 

PERIODICALS. 

Weekly. 

Amatuer  Piiotographcr. 

American  Architect  and  Building  News. 

American  Gas  Light  Journal. 

American  Manufacturer  and  Iron  World. 

Architect. 

Architecture  and  Building  (Ne  w York). 

Athenaeum. 

Bradstreet’s. 

British  Architect. 

British  Journal  of  Photography. 

Builder. 

Building  News. 

Capitalist. 

Chemical  New's. 

Chemist  and  Druggist. 

Chrenique  Industrielle. 

Colliery  Guardian. 

Colonies  and  India. 

Commerce. 

Cosiuos  ; Revue  dcs  Sciences. 

Eclairage  Electrique. 

Electrical  Engineer. 

Electrical  Review. 

Electrician. 

Electricien. 

Electricity. 

Engineer. 


Engineering. 

Engineering  Record  (New  York). 

English  Mechanic, 
fidrdeners’  Chronicle. 

Gardening  World. 

Hcrapath’s  K.ailway  Journal. 

Indian  anrl  Eastern  hinginecr. 

Industries  and  Iron. 

Invention. 

Iron  and  Coal  Trades  Revi:  w. 

Ironmonger. 

Journal  of  Gas  Lighting. 

Journal  d’Hygi^ne. 
l.and  ami  Water. 

Mechanical  Engineer. 

Medical  Press  and  Circular. 

Miller. 

Millers’  fiazette. 

Mining  Journal. 

Moniteur  Inlustricl. 

Musical  .Standard. 

Nature. 

Photographic  News. 

Photography. 

Practical  Engineer. 

Produce  Markets’  Review. 

Pub’ic  Health  ICnginecr. 

Publishers’  Circular. 

Queen. 

Revue  Industrielle. 

.Sanitary  Record. 

.School  Board  Chronicle. 

Schoolmaster. 

.Scientific  American. 

Shipping  World. 

Survejor. 

Textile  Mercury. 

Warehouseman  and  Draper. 

Forlni^htly. 

Brewers’  Guardian. 

Corps  Gras  Industriels. 

Finance  Chronicle. 

Iiiih  Builder. 

Jeweller  and  Metalworker. 

Moniteur  des  Produits  Chimh|ucs. 

Perak  Government  Gazette. 

Monthly  . 

Aims  and  Explosives. 

B rokseller. 

Biew’ers’  Journal. 

British  Indian  Commerce. 

British  Trade  Journal. 

Building  .Societies’  Gazette. 

Cabinet  Maker  and  Art  Furnisher. 

Canadian  Patent  Oflice  Record. 

Caterer  and  Refreshment  Contractor^’  G.izetle 
Dyer  and  Caliea  Printer. 

F lucational  Times. 

Engineering  Magazine  (New  York). 
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Furniture  and  Decoration. 

Giornale  del  Genio  Civile. 

Hardware  Trade  Journal. 

Inland  Architect  (Chicago). 

Irish  Textile  Journal. 

Knowledge. 

Leather  Trades’  Circular. 

Machinery. 

Machinery  Market, 
hlarine  Engineer. 

Mariner. 

Metallographist. 

Moniteur  Scientifique. 

Music.  ' 

Musical  Times. 

Nautical  Magazine. 

Oestereichische  Monatsschrift  fiir  den  Orient. 

Oils,  Colours,  and  Drysalteries. 

Painting  and  Decorating. 

Paper  Makers’  Monthly  Trade  Journal. 

Piano,  Organ,  aud  Music  Trades  Journal. 

Plumber  and  Decorator. 

Pottery  Gazette. 

Propriete  Industrielle. 

Railway  Engineer. 

Saddlers,  Harness  Makers,  and  Carriage  Builders’ 
Gazette. 

Sc  Louis  and  Canadian  Photographer. 


Science  Abstracts. 

Sugar  Cane. 

S)inons’s  Monthly  Meteorological  Magazine. 

Textile  Manufacturer. 

Tiade  and  Industry. 

Ttxtile  Recorder. 

Ulster  Agricultuiist. 

'Watchmaker,  Jeweller,  and  Silversmith. 

Two -Monthly. 

Coach  Builders’,  Harness  Makers’,  aud  Sa Idlers'  Art 
Journal. 

NEWSPAPFRS. 

Bombay  Gazette  (Overland  Summary). 

Ceylon  Observer  (Overland  Edition). 

Daily  Inter  Ocean  (Chicago). 

Home  and  Colonial  Mail. 

Home  News. 

London  Commercial  Record. 

London  and  China  Telegraph. 

Newcastle  Weekly  Chronicle. 

Nottinghamshire  Guardian. 

Shipping  Gazette  and  Lloyd’s  List  (Weekly 
Summary). 

Times  of  Ceylon  (Weekly  Summary). 

Times  of  India  (Overland  Weekly  Edition). 

West  I.ondon  Observer. 
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349 ; awarded  to  Prof.  Robert  Wilhelm  Bunsen,  M.D.» 
For.  Memb.  R.S.,  617  ; report  of  council,  693 
Alpes  Maritimes,  coal  production  in,  662 

America,  progress  of  metallurgy  and  metal  mining  in,  during 
the  last  half  century,  paper  by  James  Douglas,  21  ; letter, 

134 

Ampulla  (golden)  of  the  British  regalia,  letter  hy  Sir  George 
Birdwood,  472 

Anthony,  W.  R.,  disc.,  British  empire:  its  resources  and  its 
future,  509 

Antwerp,  congress  on  commercial  education,  631 
Applegarth,  Mr.,  disc.,  the  eyesight  of  children,  344 
Arcachon,  oyster  cultivation  of,  595 
.Archibald,  Douglas,  disc.,  kites,  368 
Art  congress  at  Brussels,  710 

Art  (Api'Likh)  Skctio.n  : — Meeting  of  committee,  45  ; list  of 
committee,  809  ; report  of  council,  692 
1st  Meeting  Renaissance  woodwork  in  England,” 
by  J.  Hungerford  Pollen,  269 
2nd  JMeeting  : — “ Tho  English  regalia,”  by  Cyril 
Davenport,  349 

3rd  Meeting  : — “ Tho  making  of  a stained  glass  window,” 
by  Lewis  Foreman  Day,  421 

4th  Meeting: — “English  art  in  illuininated  MS,S.,’’  by 
Sir  E.  Maunde  Thompson,  K C.B.,  46^ 

5th  fleeting Senefelder  and  the  centenary  of  litho- 
graphy, 1798-1898,”  by  Joseph  I’ennell,  557 
6th  Meeting The  life-work  of  Williaiu  Morris,’’  by 
F.  S.  Ellis,  618 
Arts  (fine)  in  Hungary,  96 

Assam,  earthquakes  xn,  papcr\>y  H,  I-uttman«rJohnson,  47,3 
Australian  (West)  exhibition,  884 

B. 

Bacteria,  purification  of  sewage  by,  paper  by  S.  Ridcal, 
D.Sc.,  81 

Baden-Powell,  B.  II.,  C.I.E.,  letter,  India  and  Sir  Henry 
Maine,  403 

Baden-Povvell,  Captain  B.  ]’.  S.,  papei  tl  oir  iheoi'y 

and  practice,  359;  award  of  silver  medal,  665 


Baines,  J.  A.,  C.S.I.,  .//w  ,,  M-  - • t r p . ' 

Baker,  G.  K .,  ^//i, ej«  of  h Ir- r,,  \ 

Barbour,  Sir  David  .M.,  K.C..  .1  , , I ' 

rency, 569 

Barcelona  exhibition,  1898,  143 

Barclay,  Arthur,  r//;c.,  mining  ;.nd  m t...  r • 'r 
of  Sweden,  77;  di,/ .,  the  l.nglirh  r- gC  . 
evolution  of  the  cycle,  648  ; .annual  m-  '.-.g,  > 

Barry,  Sir  John  Wolfe,  K .C.B.,  elected - f -r  .r  . - 

721 

Barry,  Mr.,  disc.,  hand-loom  weaving,  ^64 
Jhiuerman,  \l.,disc.,  mining  anrl  metallurgicHi  :r.  "■  *-  - ! 

Sweden,  77 

Bayley,  Sir  Steuart  Colvin,  K.C.S. I , m.  I - i 

disc.,  recreations  of  an  Indian  offiri.  I,  2 t;  C 
quakes  in  Assam,  494 

P>eadlc,  Clayton,  paper,  recent  history  of  p p r.'  ' * • 

Beaumont,  W.  Worby,  disc.,  evolution  of  th  i 

Belgium,  progress  of  \icinal  railway  in,  7:8 

, dogs  as  draught  animals  in,  18 

, slate  marble  in,  935 

Bell,  Sir  Francis  Dillon,  K.C.M.G.,  C.B.,  obitua  y,  --2 
Bell,  Horace,  paper,  recent  railway  policy  in  Indi.i,  ’.o 
Benedict,  (E.)  letter,  recent  policy  in  India, 

Berlin,  street  improvements  in,  732 
Bessemer,  Sir  Henry,  F.R.S  , obituary,  439 
Bessemer  process,  thermo-chemistry  of  the.  Cant,  /.  /*  ■ -; 
by  Prof.  W.  Noel  Hartley,  F.R.S.,  705,  721,  'tj, 
syllabus,  371 

Bhownaggree,  Sir  M.  M.  K.C.I.E.,  M.P.,  d:  , Br;'  h 

empire,  its  resources  and  its  future,  509  ; annual  m.  c-  -g. 

703 

Bicycle,  the  American,  its  theory  and  practice  of  f-.ns?r-;  - 
lion, /rt/cr  by  Leonard  Waldo,  D. Sr,  4'i  .(  al.  "Cj 

Birdwood,  Sir  George,  K.C.I.E.,  C.S.L,  lf'f‘  -,  hfe  " 
the  Lite  Sir  Henry  Doultcn,  41  : Ictfo.rc  x-  / r f 
Indian  official,  263;  conection,  292:  df  ..  r n " 
woodwork  in  England,  275;  -.  ha;r,  English  rcg  M . 
letter,  stained  glass  and  mosaic  work,  4*1  : c 

of  hand-loom  weaving,  557:  letter,  an- iei  t .in.',  n ' 
inks,  566 

Birdwood,  II.  M.,  C.S.I.,  I.L.D.,  ,/V  ..  lecrc.r-:  rs  . 
Indian  official, 252;  papc'-,  plague  in  1-  'nn  ^ ; .. 

of  silver  medal,  665 

Bisset,  Col.  Sir  William,  R,E.,  K.C.I.K..  /-  .,  ar*'- . " 

in  Assam,  494 

Bloxam,  Mr,,  disc-,  Linde's  method  of  pr^bo  log  ext;-'^" 
coltl,  382 

Boadicea’s  cliariot,  lefterhy  Gc-  rge  \.  Ihr  ;pp.  2't 
Boiler  explosions,  302 

Itolton,  Ihoiuas,  di^e.,  hand  Ic  m weaving,  jc; 

Bombay,  plague  in,  taper  by  H.  M.  Bii  l\v  • od, '•  I , M .\  . 
LL,D„  305 

Boocr,  Willia:n  J,,  disc.,  making  oi  a s‘.-.ire  1 ^ 

429 

Bookbinding,  decorative,  ('aKt.r  .e.tu  ::  by  C>rd 
port,  797,  809,  iSii  : ?y//.ib/..-,  130 
Bookbindings,  exhibition  of.  n :ie,  1.  ; acv-  unt  •?. 

Books,  Noiks  on: — 

.Armstrong,  Lotd,  Klectiie  M.-vement  in  .\.,  at.d  W .;cr, 

1 lO 

Bolas,  1 henms.  Glass  Pd.  wing  .^rd  W erk’-g.  2-.* 
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Books,  Notes  on  {continued) : — 

Catalogue  des  Tableaux  (Musee  Kums),  663 
Catalogue  des  Tableaux  anciens,  663 
Dallme3’cr,  T.  R.,  Guide  to  the  choice  of  a Photographic 
Lens,  SS4 

Daw,  A.  W . and  Z.  W.,  Blasting  of  Rock,  267 
De  Winton,  Major,  Soldiering  fifty  years  ago,  555 
Gosnell,  R.  E,,  Year  Book  of  British  Columbia,  3*^7 
Grey,  Henr)^  Classics  for  the  Million,  663 
Kingzett,  C.  T.,  and  D.  Homfray,  Pocket  Dictionary  of 
H)'giene,  872 

Maclean,  J.  D , Book-keeping,  387 
I'oore,  Dr,  G.  V.,  the  Dwelling-house,  116 
Schreiner,  S.  C.  C.,  the  Angora  Goat,  872 
Spon’s  Architects’  and  Builders’  Price-book,  by  W. 
Young,  663 
Bookworms,  843 

Boys,  Charles  Vernon,  F.R.S.,  chair,  evolution  of  the  cycle, 
601 

Brarawell,  Sir  Frederick,  Bart.,  D.C.L.,  F.R.S.,  chair,  pro- 
tection of  industrial  property,  293  ; paper  on  factitious  airs 
at  British  Association,  869 

Brassey,  Lord,  K.C.B.,  F.R.S., colonies  and  chartered 
companies,  645 

Brereton,  Cloudesley,  letter.  Parliamentary  return  of  secon- 
dary and  other  schools,  732 
Brick  (Fletton)  industry,  38 
Bricks  (slag)  in  Germany,  883 
Brigg,  T.  H.,  disc.,  the  American  bicycle,  56 
Briquette  making  in  Germany,  844 

British  empire:  its  resources  and  its  future, by  John 
Lowles,  M.P.,  497 

Bromhead,  S.  S.,  disc.,  protection  of  industrial  proper!}’, 
299  ; disc.,  hand-loom  weaving,  565 
Brough,  Bennett  H.,  presentation  of  medal  to,  for  his  paper 
on  raining  at  great  depths,  15;  paper,  mining  and  metal- 
lurgical industry  of  Sweden  as  shown  at  the  Stockholm 
exhibition  of  1897,  6r 

Bruce,  Eric  Stuart,  M.A.,  paper,  projection  of  luminous 
objects  in  space,  201 
Brussels  art  congress,  720 

, electric  lighting  in,  fo6 

Bulgarian  commercial  museum,  302 
lithographic  stones,  908 

Bunsen,  Prof.  Robert  Wilhelm,  M,D.,  For.  Memb.  R.S., 
Albert  medal  awarded  to,  617 

Burne,  Sir  Owen  Tudor,  G.C.I  E,,  K.C.S.I.,  chairman, 
opening  meeting,  6:  address  (the  colonies:  their  arts, 
manufactures,  and  commerce),  7 ; chair,  the  American 
bicycle,  45  ; chair,  journey  from  the  Nils  to  Suakim,  2 ’3  ; 
chair,  compensation  to  workmen,  277  ; disc.,  the  plague  in 
Bombay,  333 ; disc.,  English  art  in  illuminated  manu- 
scripts, 469;  disc.,  recent  railway  policy  in  India,  544; 
disc.,  colonies  and  chartered  companies,  646;  chair, 
annual  general  meeting,  689 

C. 

C.Hble  (aerial)  service  in  Venezuela,  594 
Calendar  for  1897-8,  5 
California,  wine  production  of,  935 

Calthrop,  Everard  R.,  presentation  of  medal  to,  for  his  paper 
on  the  Barsi  2 ft.  6 in.  gauge  light  railway,  15 
Cameron,  General,  disc.,  goldfields  of  British  Columbia  and 
the  Klondyke,  660 

Cantor  Lectures  :— Report  of  council,  692 

1st  Course  : — “ Gutta  percha,”  by  Eugene  F.  A.  Obach, 
I'h.D.,  F.C.S  , 97,  117,  137,  169;  syllabus,  2 
2nd  Course: — “Decorative  bookbinding,”  by  Cyril 
lOavenport,  797,  809,  821  ; syllabus,  136 
3rd  Course  : — “ Some  principles  of  form  design  in  applied 
art,”  by  Hugh  Stannus,  885,  897,  909,  922  ; syllabus,  292 
4th  Course : — “ The  thermo-chemistry  of  the  Bessemer 
process,”  by  Prof.  W.  Noel  Hartley,  F.R.S.,  705,  721, 
733»  7(^0;  syllabus,  371 


Cantor  Lectures  {continued)  : — 

5th  Course: — “ Sources  of  commercial  india  rubber,”  by 
Dr.  D.  Morris,  C.M.G.,  745,  761,  773,  785  ; syllabus,  496 
6th  Course: — “Electric  traction,”  by  Prof.  C.  A.  Cams 
Wilson,  833,  8(5,  857,  873  ; syllabus,  555 
Carpet  making  in  Japan,  230 

Carpets  (Peterhouse),  letters  by  Vincent  J.  Robinson,  648; 
F.  S.  Ellis,  662 

Carteighe,  Michael,  F.C.S. , chair,  projection  of  luminous 
objects  in  space,  201  ; chair,  preparation  of  meat  extracts, 
430 

Carter,  R.  Brudenell,  F.R.C.S.,  paper,  the  eyesight  of 
children,  334  ; thanks  of  the  council,  665 
Cazalet,  E.  A.,  disc.,  recent  railway  policy  in  India,  544 
Cement  (Portland)  in  Ontario,  782 
Ceylon  tea-box  woods,  666 
Chadwick,  John  Oldfield,  F.C.A.,  obituary,  59 
Cheese  (Dutch),  908 

(Italian),  504 

Chile,  economic  condition  of,  871 

, cotton  spinning  in,  679 

■ — — , fireworks  in,  931 
China,  flour  in,  66r 

, salt  wells  of,  385 

, wild  silk  reeling  in,  115 

(Northern),  trade  conditions  of,  418 

Chinese  weights  and  measures,  302 
Cider  making  in  France,  674 
Cinematograph, by  Jules  Fuerst,  255 
Clarke,  C.  Purdon,  C.I.E.,  disc.,  renaissance  woodwork  in 
England,  275 

Clive-Bayley,  Miss,  paper,  revival  of  hand-loom  weaving, 
557  ; award  of  silver  medal,  665 
Coal  in  Kent,  172 

production  in  the  Alpes  Maritimes,  662 

of  the  world,  567 

(Indian)  supplies,  904 

Cobb,  Francis,  annual  meeting,  702 

Cod  and  lobster  hatching  in  the  United  States.  819 

Coffee,  consumption  of,  720 

Cold,  Linde’s  method  of  producing  extreme,  paper  by  Prof. 
J.  A.  Ewing,  375 

Cole,  Alan  S.,  dis'-.,  English  art  in  illuminated  manuscripts, 
469 

Collins,  H.  H.,  disc.,  fireproof  construction  of  domestic 
buildings,  227 

Colman,  Jeremiah  James,  obituary,  856 
Colmer,  Joseph  J.,  C.M.G.,  presentation  of  m3dal  to,  for  his 
paper  on  the  progress  of  Canada  during  the  sixty  years  of 
Her  Majesty’s  reign,  16 

Colonies  (the) : their  arts,  manufactures,  and  commerce 
(chairman’s  address),  7 

■■■  — and  chartered  companies,  paper  by  Sir  Alfred 
C.  Lyall,  633 

Columbia  (British)  and  the  Klondyke  goldfields  of,  paper  by 
“W.  H.  Merritt,  649 

Commerce,  college  of,  in  California,  820 

—  (German),  16 

Commercial  education,  Antwerp  congress  on,  631 

— high  school  at  Leipsic,  719 

museum  in  Bulgaria,  302 

museums,  letter,  C.  Holmes,  419 

Committees  : — 

Lists  of  sectional  committees,  809 

Acetylene  gas  generators,  441  ; report  of  council,  639 

Applied  art  section,  45,  692,  809 

Foreign  and  colonial  section,  692,  809 

Indian  section,  691,  809,  934 

Paper,  deterioration  of : report,  597 ; report  of  council, 
698  ; publication  of,  785 
Como  electrical  exhibition,  1899,  808 

Companies  (chartered),  colonies  and,  paper  by  Sir  Alfred 
C.  Lyall,  633 

Consuls  (Britisji),  influence  of,  on  trade,  89.^ 
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Conversazione,  679  ; report  of  council,  700 
Coral  industry  of  Naples,  594. 

Corean  postal  system,  732 
j Cotton  industry  of  Ital)’,  93 

1 in  the  United  States,  593 

■ spinning  industry  in  China,  effect  of  upon  the  kindred 

industry  in  India,  679 

Council,  1897-98,  i;  report,  689;  new  council,  1898-99,700; 
elected,  703;  Sir  John  Wolfe  Harry,  K.C.I5.,  F.K..S., 
elected  chairman,  721 

Crane,  Walter,  chair,  making  of  a stained  glass  window, 
42t 

Crompton,  R.  E.  B.,  disc.,  evolution  of  the  cycle,  612 
Cundall,  Frank,  scrutineer,  689 

Cunningham,  Col.  Allan,  disc.,  projection  of  luminous 
objects  in  space,  210;  disc.,  kites,  369;  disc.,  Linde's 
method  of  producing  extreme  cold,  382 
Currency India  and  her  currency,  paper  by  Sir  Edward 
Sassoon,  Bart.,  569 

Cust,  Lionel,  disc.,  English  art  in  illuminated  manuscripts, 
469 

C)’cle,  evolution  of  the,  paper  by  J.  K.  Starley,  601  ; Utter 
by  A,  Barclay,  648  {^see  also  “ Bicycle  ”) 

D. 

Design  (form),  some  principles  of,  in  applied  art.  Cantor 
lectures  by  Hugh  Stannus,  885,  897,  909,  922;  syllabus, 
29a 

Dairy  farms  in  the  north  of  France,  566 
Dando,  W.,  disc.,  stage  mechanism,  527 
Danvers,  Sir  Juland,  K.C.S.I.,  disc.,  recent  railway  policy  in 
India,  541 

Date  farming  in  Persia,  262 

Davenport,  Cyril,  paper,  the  English  regalia,  349;  Cantor 
lectures,  decorative  bookbinding,  797,  809,  821  ; syllabus, 
136 

Davies,  Capt.  W.  H.,  obituary,  704 

Day,  Lewis  Foreman,  paper,  making  of  .a  stained  glass 
window,  421 ; letter,  495  ; thanks  of  the  council  for  paper, 
666;  chair,  Senefelder  and  the  centenary  of  lithography, 
1798-1898,  557  ; disc.,  life  work  of  William  Morris,  628 
De  Keyser,  Sir  Polydore,  obituary,  21  r 

Dewar,  Prof.  James,  LL.D.,  F.R.S.,  chair,  Linde’s  method 
of  producing  extreme  cold  and  liquifying  air,  375 
Dijon  exhibition,  1898,  79 

Dilke,  Rt.  Hon.  Sir  Charles,  Bart.,  M.P.,  presentation  of 
medal  to,  for  his  paper  on  the  progress  of  the  British  colonial 
empire  during  the  sixty  years  of  Her  Majesty's  reign,  16 
Dogs  as  draught  animals  in  Belgium,  918 
Donaldson,  I.  Hunter,  disc.,  renaissance  woodwork  in 
England,  276 

Donaldson,  John  M.,  disc.,  meat  extracts,  438 
Douglas,  James,  paper,  progress  of  metallurgy  and  metal 
mining  in  America  during  the  last  half  century,  paper,  21  ; 
letter,  134  ; award  of  silver  medal,  665 
Douglass,  Sir  James,  F.R..S.,  obituary,  688 
Doulton,  Sir  Henry,  obituary,  40 ; his  life  work,  letter  by 
Sir  George  Birdwood,  41 

Doyle,  K.  B.,  disc.,  Linde’s  method  of  producing  extreme 
cold,  382 

Drainage  (modern)  construction,  896 
Drawing  society  prizes,  report  of  council,  694 
Dry  rot,  letter  by  E.  A.  Hankey,  266 

Dunstan,  M.  J.  R.,  presentation  of  medal  to,  for  his  paper 
on  dairy'  produce  and  milk  supply,  15 
Du  Port,  Rev.  C.  D.,  disc.,  the  eyesight  of  children,  343 
Dupre,  Dr.  A.,  letters,  purification  of  sewage  by  bacteria, 
ii5>  230 

E. 

Earthquake  in  Assam, by  H.  Luttman -Johnson,  473 
Eckstein,  W.,  disc.,  fireproof  construction  of  domestic 
buildings,  2-9 


Education  ^agricultural]  in  France  95 

(commercial),  Antwerp  congreu  on, 

, elementary  and  higher,  in  P'r.^;;.  e,  *]f 

, in  Germany,  731 ; high^,  j.j 

92-) 

'technical)  congress,  noti>c  of  p-iblsration  o» 

report,  21  ; report  of  council,  700 
Egg  trade  in  Rnssi.i,  932 
preservation  of,  370 
f‘’Kypt,  population  of,  920 
Fdcctric  lighting  in  ItrusseU,  yy, 

mail  van  I'poit  offire),  y,2 

motor,  application  of,  to  small  industrial 

^5<i 

traction.  Cantor  Iri  turn  by  F’rof.  C.  A.  T, -aft*. 

Wilscn,  833,  8j3,  837,  873  ; syilabut, 

Electrical  exhibition  at  Como,  8r>8 

— machinery  in  Prussia  in  18..^,  ,i 

Elliott,  Sir  Charles  A.,  K C.S.L,  present-;tion  of  m>U!  to. 
for  his  paper  on  measures  taken  by  government  t r 'r  r pre  - 
vention of  famine  in  India,  13 

Ellis,  F.S.,  life  work  of  William  .M-.rru.  .'-//rr, 

662 

Emigration  (Swiss)  in  1897,  784 

Esson,  W.  B.,  presentation  of  medal  to,  for  his  papr-r  on  the 
transmission  of  power  by  alternating  electric  currents.  13 
Evans,  Sir  John,  K.C.B.,  D.C.L.,  F.K.S..  ' hatr,  English  irt 
in  illuminated  manuscripts,  461 
Ewing,  Prof.  J.  A.,  V .\i  paper,  Linde's  mcthrxl  of  pro- 
ducing extreme  cold  and  liquefying  air,  373;  award  of 
silver  medal,  665 

Examinations,  Soc  kty  of  Arts  1*98  results  isrard,  ' 
1899  notices,  797,  833 
Report  of  council,  694 

Music,  practical  examinations,  notice,  i*--;,  rrj^-t 
of  council,  698  : 1898  notices,  557,  679  ; report  of  o«j  nr  il. 
698 ; results,  845 
Exiiihitions  : — 

Barcelona,  1898,  135 
Cosmo  electrical,  1899,  808 
Coolgardie,  West  Australian,  884 
Crystal  palace,  photographic,  211 
Dijon,  1898,  79 
Ghent  horticultural,  302 
London  art  metal,  555,  687 

Acetylene  generators  at  Imperial  Institute,  n t.r-j 
Bookbinding,  notice,  169,  289;  report  of  council. 
lithography  .at  South  Kensington  Museum,  n h r;, 
845.  934 

Paris,  190C,  report  of  council,  700 
St.  Petersburg,  horticultural,  856 
Stockholm,  1897,  61 
Warsaw,  agricultural,  884 

Eyesight  of  children,  pater  by  K.  BruJencIl  Carter, 

F.R.C.S.,334 

F. 

Factitious  airs  (paper  at  British  Association  by  Sir  Frederic 
Beaumont),  869 
Finance,  report  of  council.  701 
Financial  statement,  677 

Y\xc,ym<enile  lectures,h\  William  Ramsay,  Fh-D.,  F.K.'*., 
137,  169;  report  of  council,  Co.', 

Fireproof  construction  of  domestic  buildings.  A’A ' by 
Jhomas  Potter.  213  ; letter,  E.  A.  H.inkey.  a<)6 
Fireworks  in  China,  031 

1‘itzpatrick,  8ir  Dennis,  K.C.S.I.,  -hair,  carthquike  m 
Assam,  473 

E'lax  culture  in  the  United  States.  801 
Flctton  brick  industry,  38 

Florence,  elementary  .ind  higher  education  in.  831 
E'lour,  uses  of.  in  China,  6Ci 
Flower  growing  in  England.  o?8 
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Forkign  and  Colonial  Section  Report  of  council,  692; 
list  of  committee,  809  ; notice  of  postponement  of  meeting, 
269 

ist  Meeting: — “My  recent  journey  from  the  Nile  to 
Suakim,”  by  Frederic  Villiers,  233 
2nd  Meeting  “ Ihe  West  Indies  and  sugar  bounties,” 
by  Nevile  Lubbock,  441 

3rd  Meeting The  British  Empire:  its  resources  and 
its  future,”  by  John  Lowles,  M,P.,  497 
4th  Meeting  “ The  goldfields  of  British  Columbia,”  by 
W.  Hamilton  Merritt,  649 

Forestry,  Albany  college  of,  676 
Forests  of  Russia,  57 

Form-design,  some  principles  of,  in  applied  art,  Cantor 
lectures,  by  Hugh  Stannus,  1:85,  ^97>  9°9)  922  ; syllabus, 
292 

France,  agricultural  education  in,  95 

~,  antique  furniture  in,  772 

, cider  making  in,  674 

, economic  progress  of,  720 

, telephones  in,  301 

, table  grape  industry  in,  345 

, wine  ferment  experiments  in,  806 

, wine  production  of,  in  1897,  167 

(North  of),  dairy  farms  in,  566 

Frankland,  Percy  F.,  Ph.D.,  F.R.S.,  presentation  of  medal 
to,  for  his  paper  on  I-ondon  water  supply,  15 
Fuerst,  paper,  cinematograph,  255 

Furniture  (antique)  in  France,  772 
Furnivall,  Dr.,  disc.,  life-work  of  William  Morris,  629 


G. 

Galicia,  mining  industry  in,  197 

Galton,  Sir  Douglas,  K.C.B.,  F.R.S.,  chair,  purification  of 
sewage  by  bacteria,  81 

Gamble,  S.,  disc.,  fireproof  construction  of  domestic  build- 
ings, 229 

Gandon,  Charles,  disc.,  water  gas  and  its  applications,  592 
Garnett,  Dr.  Richard,  C.B.,  chair,  life-work  of  William 
Morris,  618 

Gas  (water)  and  its  applications,  paper  by  Vivian  B.  Lewes, 

583  _ 

Germany,  briquette  making  in,  844 

, elementary  education  in,  731 

, employment  of  women  in,  832 

, foreign  populations  of,  919 

, leather  industry  of,  595 

— , slag  bricks  in,  883 

, sparkling  wines  of,  19 

, straw  industry  in,  807 

Ghent  horticultural  exhibition,  302 

Glaishcr,  Dr.  J.  W.  L.,  F.R.S.,  presentation  of  medal  to, 
for  his  paper  on  delft  ware,  16 

Glass  (stained)  window,  the  making  of,  paper  by  Lewis  F. 
Day,  421  ; letter  hj  John  Leighton,  472 

and  mosaic  work,  letters  by  Sir  George 

Birdwood,  471  ; Lewis  F.  Day,  495 
Goldfields  of  British  Columbia  and  the  K.londyke,  paper  hy 
W.  H.  Merritt,  649 

Gomme,  Laurence,  disc.,  India  and  Sir  Henry  Maine,  403 
Gothenburg  system,  and  the  sale  of  spirits  in  Sweden,  528 
Gowland,  William,  disc.,  English  art  in  illuminated  manu- 
scripts, 469 

Grant-Duff,  Rt.  Hon.  Sir  ]\I.  E.,  G.C.S.I.,/a/^;',  recreations 
of  an  Indian  official,  241;  chair,  India  and  Sir  Henry 
Maine,  390 

Grape  (table)  industry  in  France,  345 
Grapes,  preservation  of  fresh,  20 
Greenwich  observatory  report,  686 

Gutta-percha,  Cantor  Icctiues  by  Dr.  Eugene  F.  A.  Obach, 
F.C.S.,  97,  117,  137,  i6g  ; syllabits,  2 ; notice  of  appendix, 

633 


H. 

Hamilton,  Rt.  Hon,  Lord  George,  M.P.,  chair,  recreations 
of  an  Indian  official,  241 

Hampson,  W.,  disc.,  Linde's  method  of  producing  extreme 
cold,  384 

Hankey,  E.  A.,  letter,  dry  rot,  266 

Harbord,  F.  W.,  disc.,  mining  and  metallurgical  industries 
of  Sweden,  77 

Harris,  H.  Graham,  disc.,  the  American  bicycle,  55 
Harrison,  Frederic,  disc.,  India  and  Sir  Henry  Maine,  400 
Harrison,  Lieut. -Col.  Stewart,  disc  , projection  of  luminous 
objects  in  space,  209 
Hart,  Ernest,  obituary,  19S 

Hartle}^  Prof.  Noel,  F.R.S.,  Cantor  lectures,  the  thermo- 
chemistry of  the  Bessemer  process,  705,  721,  733,  760; 
syllabus,  37 1 

Holmes,  Charles,  letter,  commercial  museums,  418 
Hope,  W.  H.  St.  John,  presentation  of  medal  to,  for  his 
paper  on  the  artistic  treatment  of  heraldry,  16 
Hopkinson^  Dr.  John,  F.R.S.,  obituary,  820 
Horticultural  exhibition  at  Ghent,  302 

at  St.  Petersburg,  1899,  856 

Houldsworth,  Sir  William,  Bart.,  M.P.,  disc.,  India  and  her 
currency,  582 

Hungarian  mineral  waters,  896 
Hungary,  fine  arts  in,  96 

Huntington,  Prof.  A.  K.,  chair,  progress  of  metallurgy  and 
metal  mining  in  America,  21 

I. 

Ilbert,  Sir  Courtenay,  K.C.S.I.,  disc.,  India  and  Sir  Henry 
Maine,  402 
Imperial  institute,  43 

India,  mica  mining  in  the  district  of  Nellore,  671 

, cotton  spinning  industry  in,  679 

(British),  industries  of,  830 

India-rubber,  sources  of  commercial.  Cantor  lectures  by  Dr. 
D.  Morris,  M.A.,  C.M.G.,  745,  761,  773,  785  ; syllabus,  496 

, Para  and  Amazonian,  386 

Indian  coal  supplies,  904 

Indian  official,  recreations  of,  paper  by  the  Rt.  Hon.  Sir 
Mount-Stuart  E.  Grant  Duff,  G.C.S.I.,  241 

Indian  Section  : — Report  of  council,  691  ; list  of  committee, 
809  ; meeting  of  committee,  934 
ist  Meeting: — “ Recreations  of  an  Indian  official,”  by 
the  Right  Hon.  Sir  Mountstuart  Elphinstone  Grant- 
Duff,  G.C.S.I.,  C.I.E.,  F.R.S.,  241 
2nd  Meeting; — “The  plague  in  Bombay,”  by  Herbert 
Mills  Birdwood,  C.S.I.,  M.A.,  LL.D.,  305 
3rd  Meeting  “ India  and  Sir  Henry  Maine,”  by  Charles 
Lewis  Tupper.  C.S.I.,  390 

4th  Meeting. — “The  earthquake  in  Assam,”  by  Henry 
Luttman-Johnson,  I.C.S.,  473 
5th  Meeting Recent  railway  policy  in  India,”  by 
Horace  Bell,  M.Inst.  C.E.,  529 
6th  Meeting  : — ‘‘  India  and  her  currency,”  by  Sir  Edward 
Sassoon,  Bart,,  569 

7th  Meeting  Colonies  and  chartered  companies,’’ 
by  Sir  Alfred  Comyns  Lyall,  G.C.I.E.,  K.C.B.,  D.C.L., 

633 

Industrial  propertj’,  protection  of,  paperhy  J.  T.  Iselin,  293 
Inks,  ancient  and  modern,  553 ; letter  by  Sir  George 
Birdwood,  566 

Iron  ore  of  North  Sweden,  165 
and  steel  in  Sweden,  301 

Iselin,  J.  F.,  paper,  protection  of  industrial  property,  293 
Italy,  production  of  cheese  in,  594 

, silk  and  cotton  industries  of,  93 

, wine  production  of,  231 

Ives,  F.  E.,  disc.,  three  colour  photographic  printing,  553 
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J. 

Japan,  industries  of,  96 
, carpet  making  in,  230 

Jones,  Kobert  H.,  presentation  of  medal  to,  for  his  paper 
on  asbestos  and  asbestic,  15 
Jones,  Warner,  disc.,  evolution  of  the  cycle,  614 
Juvenile  lectures  : Fire,  by  William  Ramsay,  Ph.D.,  F.R..S., 
137)  169  ; report  of  council,  693 

K. 

Kekewich,  Sir  George,  K.C.B.,  chair,  the  eyesight  of 
children,  333 

Kennedy,  Sir  Charles  Malcolm,  K.C.M.G.,  C.H.,  chair, 
goldfields  of  British  Columbia  and  the  Klondykc,  649 
Keyser,  Col.,  C.B.,  disc.,  projections  of  luminous  objects  in 
space,  209 

Kingzett,  C.  T.,  F.I.C.,  letter,  purification  of  sewage  by 
bacteria,  166 

Kites,  their  theory  and  practice,  paper  by  Capt.  B).  F.  S. 
Baden  Powell,  35 ) 

Kitto,  B.,  disc.,  metallurgy  and  metal  mining  in  America,  35 

Klondyke,  goldfields  of  the,  649 

Krall,  C,,  disc.,  the  e3'esight  of  children,  343 

L. 

Latham,  Baldwin,  disc.,  the  plague  in  Bomba}'',  331 
Leather  industry  in  Germany,  595 

Lee-Warner,  W.,  C.S.I.,  disc.,  India  and  Sir  Henry  Maine, 
400 

Leighton,  John,  letter,  stained  glass  windows,  472  ; disc., 
stage  mechanism,  527 
Leipsic  commercial  high  school,  719 

Lennox,  R.  N.,  disc.,  Linde’s  method  of  producing  extreme 
cold,  381 

Lewes,  Vivian  V,.,  paper,  water  gas  and  its  applications,  583 
Lewis,  Frederick,  Ceylon  tea-box  woods,  665 
Library,  additions  to,  303,  919 

Linde’s  method  of  producing  extreme  cold  and  liquifying  air, 
paper  by  Prof,  J.  A.  Ewing,  375  ; exhibition  of  appara- 
tus, 389 

Lithographic  stone  in  Bulgaria,  908 

Lithography,  exhibition  of,  at  South  Kensington  Museum, 
845 

, Senefelder  and  the  centenary  of,  1798-1898, 

paper  by  Joseph  Pennell,  557 
Lobster  catching  in  the  United  States,  819 
Lome,  Marquis  of,  K.T.,  G.C.M.G.,  chair.,  the  British 
empire:  its  resources  and  its  future,  497 
Louis,  D.  A.,  disc.,  metallurgy  and  metal  mining  in  America, 
35  : disc.,  mining  and  metallurgy  of  Sweden,  77 
Lovibond,  J.  W.,  disc.,  hand-loom  weaving,  564 
Lowles,  John,  M.P.,  paper,  the  British  empire  : its  resources 
and  its  future,  497  ; disc.,  goldfields  of  British  Columbia  and 
the  Klondyke,  660 

Lubbock,  Nevile,  paper.  West  Indies  and  sugar  bounties, 
442  : award  of  silver  medal,  666 
Luminous  objects,  projection  of,  in  space,  by  Eric  S. 

Bruce,  M.A.,  201 

Luttman-Johnson,  H.,  I.C.S., paper,  the  earthquake  in  Assam, 
473  ; award  of  silver  medal,  665 
Lyall,  Sir  Alfred  Corayns,  G.C.I.E.,  K.C.B.,  disc.,  India 
and  Sir  Henry  Maine,  402 ; paper,  co)omes  and  chartered 
companies,  (^33 ; award  of  silver  medal,  666 

M. 

Macan,  H.,  letters,  parliamentary  returns  of  secondary  and 
other  schools,  719,  744 

McKillop,  James,  M.P.,  i/w.,  British  empire':  its  resources 
and  its  future,  510 

Maclean,  J.  M.,  M.P.,  chair,  recent  railway  policy  in  India, 

529 

Mac\^  illiam,  G.  G.,  disc.,  meat  extracts,  438 


Maine,  .Sir  Henry,  India  and,  pnprrXsy  C.  L,  Tupper,  C.S.I., 
390 

Manuscripts,  English  art  in  illuminat<>d,  paper  Ljr  .Sir 
Edward  Maunde  Thompson,  k.C.B.,  461 
Marryatt,  I.ieut.-Col.  E I..,  R.K.,  due  , rerent  railway  p^)Iiry 
in  India,  543 

Martin,  Mr.  disc.,  purification  of  s^w.*gir  by  Lact-fi.*. 
00 

May,  Walter,  disc.,  Linde’s  mrtb.'M  of  pr  alutmg  ri'fcrr.c 
cold, 382 

Meat  extracts,  preparation  of,  paperhy  Charles  K.  Valen'.r-c, 
430 

Meat  prodiK  ts  of  Urugiiiy,  f/s-j 

Ml! DAI  S : — 

Presentation  of,  session  1896-97,  14 

Albert,  list  of  awan’s,  373,  v*  o pr-  r.l.it;or.  to 

James  Symons,  F.R..S.,  by  M.R  II  t> o’  Pr;  <«f 
Wales,  319.  Awarded  to  Prof«-,-,.,r  Ro'o’rt 
Bunsen,  M l).,  For.Mem.  R.S.,  Oi;  ; refi«-)ft  of  ' o 1, 

693 

Society’s  silver  medals  for  papers  re.»'l  s'’ssion  i'  /.  •. 

presented,  15  ; awarded  for  papers  rr.ul  s/'s»;or,  .-  - o', 

665  ; report  of  council, 

.See  also  “ Prizes.” 

Mki'i i\(;.s  OF  TiiF.  MjiM  .Shssion:  — 

A N.M'Ai.  .M HKTiNTr,  ttofice,  679:  report  of  • , 

Ai'I'I.ikd'Ak  i Ski  1 ION  Ure  *'  Art,  applied” 

Fokkion  AM)  Coi.OMAC  .‘'^F‘  TI>>«<  ' ler.  ' For'  ';;-  I 
colonial  ”) 

India.n  .Section  {see  ” Indian  ”) 

Ordinary 

ist  Meeting  : — Opening  address,  ” The  color'.-  * r 
arts,  manufacture,  and  commerce,”  by  M.ir  -- 
General  Sir  Owen  Tudor  Burne,  G.C.I.E.,  K.C.>.I  . 
chairman  of  the  council,  7 

2nd  Meeting:  — “Progress  of  metallurgy  and  mev.l 
mining  in  America  during  the  last  half  century,'  ';jy 
James  Douglas,  21 

3rd  Meeting  : —“'1  he  American  bicycle- -its  thc»*ry  a-1 
practice  of  construction,”  by  Prof.  Leonard  W ' .. 
D.Sc  , 45 

4th  Meeting: — “The  mining  and  metallurgical  ir.il j«- 
tries  of  Sweden,  as  shown  at  the  Stockholm  cxl  ' .- 
tion  of  1897,”  by  Bennett  H.  Brough,  61 
5th  Meeting The  purification  of  sewag.  b-  ’ ac- 
teria,”  by  Samuel  Rideal,  D.Sc.,  8t 
6th  IMceting  :— The  projection  of  luminous  c’ • * t*  - 
space,”  by  Eric  .Stuart  Bruce,  M.A..  201 
7th  .Meeting: — “Fireproof  constructi--n  of  •- 

buildings,”  by  Thom.as  Potter,  213 
8th  Meeting: — “The  cinematogr.nph.”  by  Jules  Ku-'cst. 

254 

9th  Meeting: — “Compensation  to  workmen.”  by  A. 
D.  Provand,  M.P.,  277 

loth  ^Meeting  ” The  protection  of  industrial  f'"* 
perty,’’  by  J.  F.  Iselin,  M A.,  LT-.M.,  2t3 
nth  Meeting: — “The  eyesight  of  ehildr<n,”  by  R. 

Brudenell  Carter.  F.R.C.S.,  333 
i2th  Meeting  Rites  : their  theory  and  pr.arti,  e.” 
by  Captain  B.  F.  S.  Baden- Powell,  3 so 
13th  iiloeting:  “Linde’s  method  et  prodacioc  ex 

treme  cold  and  liquefying  air.’’  by  Prof.  J.  .\.  K.vi-.g 
F.R..S.,  375 

14th  Meeting: — “ Ihe  recent  history  or  p.aperm..>..r.g.  ' 
by  Clayton  Beadle,  405 

15th  Meeting  The  prcp.oraiien  of  moat  extracts,' 
by  C.  R.  Valentine.  450 

i6th  Meeting:  Telegraphy  across  space.  " by  Prof. 

Silvanus  P.  I hompson,  F.R.S.,  4,sj 
171I1  Meeting Stage  mechanism,”  by  Edwin  O. 
S.ichs,  SI  I 

18th  Meeting:—'*  1 hree-colour photographic I'tintir;.” 

by  Captain  W.  de  W.  Abney.  C.l  ..  F.K.S..  548 
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Meetings,  Ordinary  {co7iitnued)  \~ 

igth  Meeting  “ The  revival  of  hand-loom  weaving,” 
by  Miss  Clive-Bayley,  557 

20th  Meeting  Water  gas  and  its  applications,”  by 
Prof.  Vivian  B.  Lewes,  583 

2ist  Meeting: — The  evolution  of  the  cycle,”  by  J.  K. 

Starley,  60 1 
Annual  report,  689 
Members,  list  of,  notice.,  8r 
Memorial  tablets,  18,  report  of  council,  700 
hlerritt,  William  Hamilton,  F.G.S.,  />aper,  the  goldfields  of 
British  Columbia  and  the  Klondyke,  649 
Metal  (art)  exhibition,  555,  687 

]\Ietallurgy  and  metal  mining  in  America,  progress  of,  durin°f 
the  last  half  century, /a/,?;-  by  James  Douglas,  21 ; tette>-, 

131 

Mexico,  orange  cultivation  in,  260 
Mica  mining  in  the  district  of  Nellore,  India,  671 
Michael,  General,  C.S.I.,  disc.,  recreations  of  an  Indian 
official,  253 

]\Iilward,  Henry,  and  Sons,  letter,  sewing  needles  in 
Germany, 

Mineral  waters  in  Hungary,  896 
, artificial,  673 

Mines  and  quarries,  C.  Le  Neve,  Foster's  report,  555,  819 
Mining  and  metallurgical  industries  of  Sweden  as  shown  at 
the  Stockholm  exhibition  of  1897,  paper  by  Bennett  H. 
Brough,  61 

Mining  industries  of  New  South  Wales,  917 
Montagu,  Sir  Samuel,  Bart.,  M.P.,  disc.,  India  and  her 
currency,  580 

Morris,  Dr.  D.,  M.A.,  C.M.G.,  Cantor  lectures,  sources  of 
commercial  india-rubber,  745,  761,  773,  785  ; syllabus,  496 
Morris,  William,  life  work  oi,  pape^-hy  F.  S.  Ellis,  618  ; letters 
by  Vincent  J.  Robinson,  648  ; F.  S.  Ellis,  662 
hloul,  Alfred,  disc.,  stage  mechanism,  527 
Mulholland,  J.,  disc.,  stage  mechanism,  526 
Mutton,  New  Zealand,  96 

N. 

Naples,  coral  industry  of,  594 

Naylor,  W.,  disc.,  purification  of  sewage  by  bacteria,  91 
Needles  (sewing)  in  Germany,  letter,  Henry  Milward  and 
Sons,  58 

New  South  Wales,  mining  industries  of,  917 
New  Zealand  mutton,  96 

North,  J.  W.,  A.R.A.,  letter,  deterioration  of  paper, 
871,  896 

O. 

Obach,  Dr.  Eugene  F.  A.,  F.C.S.,  Cantor  lectti7-es,  gutta- 
percha,97, 117,  137,  i6g-,  syllabus,  2;  notice  of  appendix,  633 
Obituary  : — 

Report  of  council,  701 

Bell,  Sir  Francis  Dillon,  K.C.M.G.,  C.B.,  772 

Bessemer,  Sir  Henry,  439 

Chadwick,  John  Oldfield,  59 

Colman,  Jeremiah  James,  856 

Davies,  Captain  W.  H.,  704 

De  Keyser,  Sir  Polydore,  21 1 

Douglass,  Sir  James,  F.R.S.,  688 

Doulton,  Sir  Henry,  40 

Hart,  Ernest,  198 

Hopkinson,  Dr.  John,  820 

Philipson,  John,  720 

Quain,  Sir  Richard,  Bart.,  M.D.,  F.K.S.,  419 
Rawlinson,  Sir  Robert,  K.C.B.,  663 
Scott,  Sir  John,  K.C.M.G.,  720 
Tufncll,  T.  R.,  528 
AVoodthorpe,  General,  688 

O’Dwyer,  M.  F.,  presentation  of  medal  to,  for  his  paper 
on  a visit  to  Russian  Central  Asia,  16 


Olive  and  vine  cultivation  in  Tunis,  892 
Ontario,  Portland  cement  in,  782 
Orange  cultivation  in  Mexico,  260 

“ Owen  Jones  ’’  prize,  report  of  council,  694  ; list  of  awards, 
797 

0}'ster  cultivation  of  Arcachon,  595 

P. 

Painters’  company,  offer  of  prizes,  59 

Packard,  Edward,  disc.,  AVest  Indies  and  sugar  bounties,  452 
Paper,  deterioration  of,  report  of  committee  on,  597  ; publi- 
cation of  report,  785  ; report  of  council,  698  ; letter  by  J. 
AV.  North,  A.R.A.,  871,  896 
, bamboo,  805 

making,  recent  history  ot,  paper  by  Clayton  Beadle, 

405 

Paris  exhibition,  report  of  council,  700 
Paris  theatres,  receipts  of,  in  1897,  595 
Pavements  (street)  in  Berlin,  732 

Pennell,  Joseph,  disc.,  the  American  bicycle,  55 ; disc., 
making  of  a stained  glass  window,  429  ; paper,  Senefelder 
and  the  centenary  of  lithography,  1768-1898,  557;  disc., 
evolution  of  the  cycle,  614 

Percival,  Sir  AA^'estby,  K.C.M.G.,  elected  member  of  council, 
721 

Persia,  commercial  conditions  in,  58 

, date  farming  in,  263 

, telegraphs  and  telephones  in,  895 

Peru,  sugar  and  wine  production  in,  300 
Philippine  islands,  647 
Phillipson,  John,  obitua7y,  720 
Photographic  exhibition  at  Crystal  Palace,  2n 

printing,  three-colour,  paperhy  Capt.  Abney, 

C.B.,  D.C.L.,  F.R.S.,5,8 

researches  by  Dr.  Russell,  856 

Physical  laboratory,  a national,  889 

Plague  in  Bombay, by  H.  M.  Birdwood,  C.S.I.,  M.A., 
LL.D.,  305 

Plants  (Indian)  native  names  of,  by  Sir  George  Birdwood, 
K.C.I.E.,  C.S.I.,  263  ; correction,  292 
Plunkett,  Rt.  Hon.  Horace,  M.P.,  presentation  of  medal  to, 
for  his  paper  on  recommendations  of  the  recess  committee, 

15 

Pollen,  J.  Hungerford,  paper,  renaissance  woodwork  in 
England,  269  ; award  of  silver  medal,  666 
Pollock,  Prof.  Sir  Frederick,  Bart.,  disc.,  India  and  Sir 
Henry  hlaine,  401 
Portland  cement  in  Ontario,  782 
Portraits  of  members,  347 
Post-office  electric  mail  van,  302 
Postal  system  in  Corea,  732 

Potter,  Thomas,  paper,  fireproof  construction  of  domestic 
buildings,  213 

Powell,  Harry  J.,  making  of  a stained  glass  window, 

429 

Prevoyance,  French  institutions  of,  836 
Prizes  : — 

Drawing  society,  report  of  council,  694 
“Owen  Jones”  report  of  council,  694;  list  of  awards 
797 

Stock,  report  of  council,  694 
Svviney,  notice  and  list  of  recipients,  909 
Provand,  A.  D.,  pa,per,  compensation  to  workmen,  277 

Prussia,  electrical  machinery  in,  in  1898,  931 

Q- 

Quain,  Sir  Richard,  Bart.,  M.D.,  F.R.S.,  obitua7y,  419 
R 

Rails  (American),  6;6 
Railwa  in  Siberia,  cost  of,  808 
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Railway  policy  in  India  (recent),  paper  by  Horace  I5c-ll,  529 
Railways  in  Switzerland,  Government  purchase  of,  471 

(vicinal),  in  Belgium,  718 

Ralli,  Stephen,  disc.,  India  and  lier  currency,  5^"^ 

Ramsay,  William,  Ph.D.,  F.R.S.,  Juvenile  lectures, 
fire,  137,  169;  report  of  council,  ^93 
Rawlinson,  Sir  Robert,  K.C.B.,  obituary,  663 
Regalia,  the  English,  paperhy  Cyril  Davenport,  349  ; letter, 
Sir  George  Birdwood,  472 
Reid,  W.  F.,  disc.,  kites,  369 

Richardson,  Mr.,  disc.,  water  gas  and  its  applications,  593 
Richardson,  AV.  H.,  disc.,  Linde’s  method  of  producing 
extreme  cold,  382 

Rideal,  Samuel,  I). Sc.,  paper,  purification  of  sewage  by 
bacteria,  81  ; letter,  210  ; award  of  silver  medal,  665 
Robbins,  Mr.,  disc.,  fireproof  construction  of  domestic  build- 
ings, 227 

Roberts,  Sir  Owen,  M.A  , D.C.L.,  opening  meeting,  16 
Robertson,  Surgeon- Alajor  Sir  George  Scott,  K.C.S.I.,  j)re- 
sentation  of  medal  to,  for  his  paper  on  Kaiiristan  : its 
manners  and  customs,  16 

Robinson,  F.  A.,  disc.,  metallurgy  and  metal  mining  in 
America,  36 

Robinson,  Vincent  J..  letter,  life  work  of  William  Morris,  648 
Roechling,  H.  Alfred,  letter,  self-purification  of  sewage,  165 
Rollit,  Sir  Albert,  M.P.,  LL.D.,  chav^.  West  Indies  and 
sugar  bounties,  441 

Russell’s,  Dr  , photographic  researches,  856 
Russia,  forests  of,  57 

, population  of,  732 

— — “,  sugar  bounty  question  in,  647 

— , viticulture  in,  832 

Russian  peasantry.  43 

s. 

Sachs,  E.  0.,  disc.,  fireproof  construction  of  domestic  build 
ings,  228  ; paper,  stage  mechanism,  512 
Safford,  Frank,  d.sc.,  protection  of  industrial  property,  299 
St.  Christopher,  salt  industry  of,  4r7 
Salt  industry’  of  St.  Christopher,  417 
wells  of  China,  385 

Samuelson,  Right  Hon.  Sir  Bernhard,  Bart.,  F.R.S.,  cAcr/V, 
mining  and  metallurgical  industries  of  .Sweden,  6c 
Sanderson,  Cobden,  di  c.,  life  work  of  William  Morris,  629 
Sanitary  institute,  844 

Sassoon,  Sir  Edward,  Bart., /cr/c?/',  India  and  her  currency, 

569 

.Saxony,  higher  education  in,  920 
Science  abstracts,  472 

and  art  department,  808 

School,  Leipsic  commercial  high,  719 

Schools,  parliamentary  report  on  Secondary  and  other,  703  ; 

letters  by  II.  Vacan,  7:9.  744  ; Cloudesley  Brereton,  732 
Scott,  Lascclles,  disc.,  fireproof  conStr  ction  of  domestic 
buildings,  229 

Scott,  K.  H.,  F.R.S  , disc,  kites,  368 
.Scott,  Sir  John,  K.C.M.G.,  obituary,  720 

Selwyn,  Admiral,  r/Ac.,  protection  of  industrial  property,  298 
Semmons,  W.,  disc.,  metallurgy  and  metal  'mining  in 
America,  35 

.Sessional  arrangements,  1847-8,  i ; 184L99,  921,  933 
Seton  Karr,  W.  S.,  disc.,  recent  railway  policy  in  India,  541 
Sewage,  purification  of,  by  bacteria, /rr/icr  by  Samuel  Kideal, 
D..Sc.,  81;  Ittleis,  Dr.  A.  Dupre,  F.R.S.,  115,  2jo;  II. 
Alfred  Roechling,  165;  C.  1'.  Kingzett,  F.I  C.,  166; 
Dr.  Rideal,  210 

Shand,  Lord,  disc.,  India  and  Sir  Henry  .Maine,  403 
Sharp,  Archibald,  disc.,  the  Amer'can  bicycle.  55;  disc., 
evolution  of  the  cycle,  612 

Shaw,  George  Beinard,  disc.,  stage  mechanism,  523 
.Shaw,  W.  I'.,  disc.,  evolution  cf  the  cyvle,  614 
Shepherd,  W , disc.,  compensation  to  workmen,  288 
Shipping,  British,  1897,  387 
Sibcri.a,  cc-  n ra'r  conditions  of,  706 


Siberian  railway,  cost  of,  808 

SiemenH,  Alex.inder,  di\c.,  compensation  to  workmen,  28;  : 
di%c.,  protection  of  industrial  property,  298  ; elected 
member  of  count  il,  721 
•Silk  anti  cotton  intlustries  of  Italy,  9} 

(wiltl)  rettling  in  China,  115 

.Silkworm  gut  in  .Spain,  29 

.Simpson,  W.  J.,  ,\I.D  , di\r.,  the  pl.igue  in  Bombay,  ] ,i 

.Slag  bricks  in  Germany,  883 

.Slate  m.irble  in  Bt-Igium,  943 

.Smith,  Isaac,  letter,  ste.im  pressure  g.iuge,  31: 

.Smith,  J.  J , iliM .,  w.itcr  g.is  .irul  its  application*,  592 
.South  Kctisingltm  Museum,  8,  2 

.Spencer,  Karl,  K.G.,  r//ti/r,  ih  plagu  m Bomb  iy,  , 
j .Sponge  fi.sheries  of  I ripttli,  78 } 

I .Stage  mechanism,  faper  hy  Edwin  O.  ''  I'^h*,  312 

.Staineil  gl.iss  windtnv,  the  in.iking  of  p ip  e l.y  !,»  .>.  « I 
l)ay,  421;  r hy  John  I.eighton,  12 

and  int»sait  work,  letters  by  ' r (.<  ; z' 

Birdwood,  471  ; Lewis  F.  f).iy,  4 tj 
.Stanley,  Henry  M.,  M.B.,  chair,  t o!or.it:i  an  1 c‘  .:t  .'<^1 
companies,  633 

Stannus,  Hugh,  disc.,  the  English  reg,i!i.i,  35;;  A.  . 
English  art  in  illuminatetl  m-tnuscripts,  367;  Canl-r 
lectures,  some  principles  of  form-design  in  apq.’ie.l  4:;.  8*;, 
897,  909,  Q22  ; syllabus,  292 

Starlcy,  J K , p ip-r,  evolution  of  th  ' cycle.  ( <t  , iward  of 
silver  medal,  665 

Stead,  J.  E.,  disc.,  mining  and  mctallurgi*  .1  i .1  iitr  cs  t.l 
Sweden,  76 

.Steam  pressure  gauge,  letter  by  Issac  Smith,  31' 

.Steel,  thermo-chemistry  of  the  Bessemer  pr>«c<  ;*.  ' anf.'r 
lectures,  by  Brof.  Noel  Hartley,  F.K.S.,  -oc,  -21,  - , -*jo  . 
syllabus,  371 

Stettin,  association  for  the  promotion  of  forci.t':  commercial 
relations,  16 

Stock  prize  ; repoit  of  council,  694 

Strachey,  Lieut. -General  Sir  Richard,  G.C..S.I  . F.  ./.a.  . 
India  and  .Sir  Henry  Maine,  403;  disc.,  recent  r.ilw.iy 
policy  in  India,  5 }2 

Straight,  .Sir  Doug'a.,  chair,  fireproof  constru  to*n  •»( 
domestic  buildings,  213;  chair,  stage  rajchcniim.  jii 
Straw  industry  in  Germany,  807 
Sturmey,  11.,  disc.,  evolution  of  the  ejele,  01  j 
.Suakim,  my  recent  journey  frem  the  Nile  to.  /ape>  F . 
A'illicrs,  233 

Suez  Canal,  traffic  in,  1897,  371 
.Sugar,  beet,  685 

and  wine  production  in  Pe.-u.  3?^ 

bounties  and  the  West  Indict,  pajer  by  N.»tL' 

Lubbock,  4 (2 

bounty  question  in  Russi.i,  64* 

industry  of  Germany,  France,  and  .-Au-tria.  tii 

.Swan,  J.  \V.,  F.R.'^.,  ch.iie,  telegraphy  accfiss  <p.»cr.  i:  ; 
Sweden,  mining  and  met.illurgical  industric-  ot.  .n  s'a  1 
the  Stockholm  e.xhibition  of  18  7.  / i.V'  by  B -a  ^et:  li. 
Brough,  61 

, sale  of  spirits  in,  594 

(North),  iron  ore  of.  16; 

Swedish  iron  and  steel.  300 

Swimy  priz.-.  notice  and  li.st  ot  tetipioa!<. 

Swiss  emigration  in  1817. 

Switzerl.iiul,  government  purchase  of  railw.ias  i 1.  472 
S)kes,  Capt.  B.  Molesworth.  pircsent.itio  i of  ineJai  to.  lor  hi< 
paper  on  Kerman  and  Bersi.in  Beluchist.in.  t) 

Symons.  George  James,  1* .R.S..  proso.at.ition  ct  the  .Mbc*: 
nu'd.il  to  him  by  II  K.  H.  the  Biineo  of  U -tie-  1 .a 
Synge,  Kev.  1'.,  disc.,  eyesight  of  children.  41 

T. 

Taylor.  G.  Ni.b'e.  ietter,  India  and  Sir  Hear:-  M.dac.  }2} 

Tea,  I tub. in  and  Ceylon,  784 
Tea  box  woods,  Ceylon,  620 
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Technical  education  congress,  notice  of  publication  of  report, 
21 ; report  of  council,  700 
Telegraphs  and  telephones  in  Persia,  8g;5 

Telegraphy  across  space,  paper  by  Silvanus  P.  Thompson, 
453 

Telephones  in  France,  jor 

Temple,  Sir  Richard,  Bart.,  G.C.S.T.,  C.T.E.,  F.R.S.,  disc., 
colonies  and  chartered  companies,  646 
Theatres  (Paris),  receipts  of,  in  1897,  595 

Thomas,  William  Luson,  chair,  renaissance  woodwoik  in 
England,  269  ; chair,  paper  making,  405 
Ihompson,  Sir  Edward  Maunde,  K.C.B.,  D.C.L.,  paper, 
English  art  in  illuminated  manuscripts,  461  ; award  of 
silver  medal,  663 

Thompson,  Robert  W.,  mica  mining  in  the  district  of 
Nellore,  India,  671 

Thompson,  Silvanus  P.,  F.R.S.,  paper,  telegraphy  across 
space,  453  ; award  of  silver  medal,  663 
Thomson,  Prof.  John  M.,  F.R.S.,  disc.,  paper  making,  416 
Thorne,  Sir  Richard  Thorne,  K.C.B.,  F.R.S  , disc.,  the 
plague  in  Bombay,  328 

Thrupp,  George  A.,  letter,  Boadicea’s  chariot,  agr 
Thudichum,  George,  disc.,  purification  of  sewage  by 
bacteria,  92 

Tracy,  J.  I.,  disc.,  the  e3'esight  of  children,  343 
Treasurers’  statement  of  receipts  and  expenditure  for  the 
year  ending  May  3rst,  1898,  677 
Trewbj’,  W.  G.,  disc.,  paper  making,  416 
Tripoli,  sponge  fisheries  of, 

Tufnell,  T.  R.,  obituaty,  528 

Tunis,  olive  and  vine  cultivation  In,  892 

Tupper,  Charles  Lewis,  C.S.I.,  paper,  India  and  Sir  Henry 
Maine,  390 

Tupper,  Sir  Charles,  Bart.,  G.C.M.G.,  disc.,  ih.Q  American 
bicycle,  56 

Turner,  Dr,  E.  B.,  disc.,  evolution  of  t’ne  cycle,  613 
Turner,  H.  G.,  disc.,  mining  and  metallurgical  industries  of 
Sweden,  77 

U. 

United  States,  cod  and  lobster  hatching  in,  8ig 

, cotton  industry  in,  593 

, flax  culture  in,  8qi 

, production  of  rails  in,  676 

, wine  industry  of  292 

Uruguay,  meat  products  of,  907 

V. 

Valentine,  Charles  R., preparation  of  meat  extracts, 

430 

Vanilla,  treatment  of,  by  chloride  of  calcium,  39 
Venezuela,  aerial  cable  service  in,  594 
Vezey,  John  Jewell,  sci  tuinee> , 689 

Villiers,  Frederic,  paper,  my  recent  journey  to  Suakim,  233 
Vine  cultivation  in  Tunis,  892  [see  also  “ Wine  ”) 

Vision  (persistence  of),  projection  of  luminous  objects  in 
space, by  Eric  Stuart  Bruce,  M.A.,  201 


W. 

Waldo,  Leonard,  D.Sc.,  paper,  the  American  bicycle;  its 
theory  and  practice  of  construction,  46 
Walker,  Emery,  disc.,  life  work  of  William  Morris,  629 
Warnecke,  L.,  disc.,  three-colour  photographic  printing,  553 
Warner,  Metford,  disc.,  life  work  of  William  Morris,  619 
Water  gas  and  its  applications, bj"  Vivian  B.  Lewes, 

583 

Waters  (mineral)  in  Hungary,  8„6 
— ' , artificial,  673 

Weaving,  revival  of  hand  loom,  paper  by  Miss  Clive-B.iyley, 
557 

AVebb,  Mathew,  presentation  of  medal  to,  for  his  paper, 
gesso,  16;  disc.,  English  art  in  illuminated  manuscripts, 
469 

AVebster,  Miss,  disc.,  AA’’cst  ladies  and  sugar  bounties,  452 
AA^eights  and  measures  in  China,  302 

AVest  Indies  and  sugar  bounties, by  Nevilc  Lubbock, 
442 

AVheatley,  H.  B.,  disc.,  renaissance  woodwork  in  England, 

276  ; disc.,  the  English  regalia,  358 

AVhiting,  AV.  H.,  disc.,  the  eyesight  of  children,  34  ^ 

Wilson,  Prof.  A.  Cams,  Cantor  lectajcs,  electric  traction, 
833.  845,  857,  87’, ; syllabus,  555 
AATlt shire.  Prof.  British  empire:  its  resources  and  its 

future,  510 

AVine,  ferment  experiments  in  France,  806 

industry  in  the  United  States,  262 

production  of  California,  934 

of  France  in  1897,  167 

of  Italy  in  1897,  231 

in  Peru,  300 

of  the  world,  419 

(sparkling),  of  German}',  19 

viticulture  in  Russia,  831 

In  Tunis,  89  : 

AA’'olff,  H.  AV.,  disc.,  compensation  to  workmen,  286 
AVomen,  employment  of,  in  Germany,  8)2 
AA^’ood,  Sir  Henry  Trueman,  disc.,  the  eyesight  of  children, 
343  ; chair,  three  colour  photographic  printing,  548  ; disc., 
evolution  of  the  cycle,  614  ; disc.,  life  work  of  William 
Morris,  630 

AA^'ood,  AV.  Alartin,  letter,  recent  railway  policy  in  India, 
546  ; annual  meeting,  702 

AVood,  AA'alter  C.,  effect  of  the  cotton  spinning  industry  in 
China  upon  the  kindred  industry  in  India,  679 
AVood  carvmg  (art',  school  of,  820 

AA’’oodall,  Corbet,  M.Inst.C.E.,  chair,  water  gas  and  its 
applications,  583 

AVoodthorpe,  General,  obituary,  683 

Woodwork,  renaissance,  in  England,  paperhy ] . Hungerford 
Pollen,  269 

AVorkmen,  compensation  ia,  p.jper  by  A.  D.  Prova-.d,  M.P  , 

277 

Y. 

Yates,  Captain,  R.A.,  disc.,  English  art  in  illuminated 
manuscripts,  469:  disc.,  British  c.Tipirc : its  resources  and 
itsfutur^,  5 m 
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